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The Emory Undergraduate Medical Review publishes student-authored re-
search review articles at the cutting-edge of medicine, science, and public health. 
Our interdisciplinary articles span all clinical fields and are peer-reviewed by med-
ical professionals from leading academic institutions, including Emory University, 
Harvard University, and the Baylor College of Medicine. 

On and off-campus, EUMR leads a variety of medically-related events & 
unique initiatives, including frequent collaborations with Emory’s School of Med-
icine and local community partners. Our projects have been featured by Emory’s 
News Center and have caught the attention of President Gregory Fenves. 

MISSION STATEMENT



5Emory Undergraduate Medical Review, Fall 2023

Cordially, 
Shreya Ramanathan & Alyssa Chen
Editors-in-Chief
EUMR 2023-2024

LETTER FROM THE EDITOR
Dear Reader,

EUMR’s Fall 2023 edition marks the beginning of a new chapter of excellence and impact as our 
journal enters its tenth year. This semester, we celebrated EUMR’s tradition of journalistic excellence 
and medical inquiry and paved new ways for the journal to make an even greater impact on our 
community. Whether it was reaching new heights with our journal quality or launching several new 
initiatives, we are proud of the hard work each member of our Editorial Board has put in to make 
EUMR’s fall semester a success. 

Interdisciplinary exploration and medical innovation are at the core of EUMR’s mission and culture, 
and our writers continue to impress us with the quality and range of topics covered in our 10th volume. 
Together we produced a total of 23 articles across our digital and journal platforms, each of which 
address key questions in maternal healthcare, epidemiology, biotechnology, global health policy, and 
medicine.  Our journal would not be the same without the dedication and talent of our writers, editors, 
and executive board, and we are endlessly grateful for their work.
 
Outside of our journal, EUMR’s Events and Publicity team continued signature traditions such as 
the Fall Suture Lab in partnership with Emory School of Medicine, while implementing several new, 
exciting initiatives. 

At the start of the semester, we launched our RISE High School Mentorship program in partnership 
with Druid Hills High School, under the guidance of Dr. Poornima Amarapu. Through this program, 
EUMR members guided high school seniors through the medical writing process to ultimately create 
full length, EUMR style medical reviews, which will be published next year. We also launched our new 
medical Op-Ed Column: “Medical Matters,” in partnership with the Emory Wheel, Emory’s student-
run newspaper, which features student opinions on the future of healthcare, such medical volunteer 
licensure restrictions, the ethicality of savior siblings, and more. Other initiatives include our new 
volunteer partnership with Bethesda Community Clinic, allowing EUMR members to directly serve 
underresourced patient populations. Finally, we are proud of our new Narcan distribution and education 
initiative, led by one of our first-year liaisons to improve access to key resources for overdose 
prevention. 
 
Most importantly, we would like to thank our dedicated Advisory Board who serve as critical members 
of our journal, without whom our work would not be possible. We are particularly proud to announce 
the addition of several new advisory board members, Dr. Xinhua Chen, Dr. Judy Gichoya, Dr. Sarah 
Mitchell, Dr. Joseph Petrosino, Dr. Subadhra Shashidharan, Dr. Sara Turbow, and Dr. Zanthia Wiley. 
They have replaced several advisory board members who have supported EUMR over the past decade 
and will be dearly missed. We wish them the absolute best in their careers. 

As we look to the second half of EUMR’s 10th year as a publication, we are excited to build upon these 
initiatives and see our team’s hard work continue coming to fruition next year. Ultimately, we aim to 
push forward EUMR’s mission of providing students the platform to explore the cutting-edge of current 
issues facing healthcare and medicine through interdisciplinary journalism & community impact. We 
cannot wait to work with everyone again this spring. 
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In early 2019, a study on 
the Ebola epidemic from 

the Harvard School of Public 
Health presented survey data 
from the Democratic Republic 
of Congo and concluded that 
individuals refused vaccines and 
formal medical care due to the 
belief that the virus was not real 
(Vinck et al., 2019). The findings 
were immediately propagated by 
news media and presented the 
outbreak as a consequence of 
misguided beliefs and failure to 
seek care. While the study pro-
vides important population-based 
insight underscoring the harm 
of misinformation on public 
health, it is also a microcosm of 
how literature on health crises in 
low-income countries (LIMCs) 
often ignores complex historical 
factors and power relations that 
shape the institutional mistrust 

CLAIRE GONG
and healthcare disparities we 
see today. The context of co-
lonial history, in particular, is 
crucial for informed analysis of 
healthcare in LIMCs (Richard-
son, 2020). Numerous schol-
ars and medical professionals 
have linked the current disease 
outbreaks in these regions with 
the enduring effects of colonial 
governments who neglected the 
development of health services 
for native populations (Farmer, 
1996; Pearson, 
2018; Richardson, 
2019). In fact, a 
recent 2021 study 
in the American 
Economic Review 
found that health 
interventions are 
less effective in 
areas with a great-
er historical exposure to colonial 
health interventions (Lowes & 
Montero, 2021). This article will 
employ a longitudinal approach 
in illustrating the fraught rela-
tionship between disease, medi-
cine, and colonialism, delineating 

how this impacted indigenous 
peoples, and presenting the rich 
and complicated history that con-
tinues to impinge on health dis-
parities in former colonies today. 
Through the critical examination 
of these historical antecedents, 
this article will ultimately un-
earth the role of colonialism as a 
structural determinant of health.

The impetus for medical 
development in the 18th and 19th 
centuries largely arose from the 

reality that death 
and disease were 
major barriers 
for the colonial 
agenda. Novel 
“tropical” diseas-
es, such as chol-
era and malaria, 
were deadly to 
the new European 

arrivals. Some scholars go so far 
as to contend that malaria was 
“the largest obstacle to coloniza-
tion” (Bump & Aniebo, 2022). 
According to records by military 
physicians, from 1817 to 1838, 
the average annual mortality 

Colonial medicine: A tool of empire and its 
legacies in present-day health disparities

Staff Writer

...literature on LIMCs 
often ignores complex 
historical factors and 
power relations that 
shape the institutional 
mistrust and healthcare 
disparities we see today.

Figure 1. Mortality rates of European troops at the metropole and abroad 1817-1838. (Curtin, 1989)
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rate was 483 per thousand for 
European troops in Sierra Leone, 
where malaria was rampant at the 
time (Curtin, 1989). Additionally, 
the relocation cost (percentage 
change in death rate compared 
to the rate observed in the 
metropole) for movement from 
Britain to the West Indies was 
593 percent, 80 percent of which 
was caused by “tropical fevers” 
and 15 percent by intestinal 
diseases.

It is also critical to under-
score the fatal diseases brought 
to the local populations by Euro-
pean settlers. A notable example 
is the arrival of smallpox in the 
Americas, carried by European 
conquistadors, 
which launched a 
raging epidemic 
that tore through 
the continent in 
1775 to 1782. 
The disease is said to have wiped 
out 90% of the native American 
population in Northern Barrens 
(Hearne, 1968). This widely 
cited statistic is based on claims 
made by English explorer Sam-
uel Hearne, who observed and 
recorded the outbreak. However, 
a 2012 study placed the number 
at under 20%, but also acknowl-
edged the limited availability 

of reliable epidemiological data 
(Carlos & Lewis, 2012).

Widespread disease con-
strained territorial expansion and 
threatened economic output. Its 
importance is put simply by Hu-
bert Lyautey, French military of-
ficial and conqueror of Morocco, 
“The physician, if he understands 
his role, is the most effective of 
our agents of penetration and 
pacification.” (Farmer et al., 
2013). That role was not only to 
maintain the health of colonial 
troops, but also the enslaved lo-
cal workforce who propelled the 
Western economy.

Associated with the signif-
icant medical advancements in 

the 19th century, 
death rates in col-
onies began to fall 
(Curtin, 1989). Pre-
viously, relocation 
costs for Europeans 

settling in the Tropics increased 
by upwards of twofold, but with 
the development of new drugs 
and more robust public health in-
frastructure, Europeans were able 
to advance into regions previous-
ly occluded by risks of fatal dis-
ease. One such advancement was 
the introduction of a prophylactic 
for malaria called quinine, an 
alkaloid extracted from cinchona 

bark. In one of the first clinical 
trials from 1866 to 1868, Quinine 
and three other cinchona-derived 
alkaloids achieved cure rates of 
more than 98% in 3600 patients 
(Dobson, 2001). A therapeu-
tic triumph, quinine played an 
indispensable role in enabling the 
safe occupation and administra-
tion of colonies, to the extent that 
historian Daniel R. Headrick dis-
tinguishes the drug as a “tool of 
empire” (Headrick, 1981). Fur-
thermore, the implementation of 
public health measures, including 
immunisation campaigns, water 
filtration, and sewage disposal, 
were also important attributes 
of this period of development 
and reform that has been dubbed 
“the great sanitary awakening” 
(Winslow, 1923, p. 192).

While inhabitants of regions 
under colonial rule benefited 
from these Western medical and 
public health developments, it is 
reductive to decontextualize this 
from the targeted agendas that 
dictated colonial medicine. For 
example, Joseph Chamberlain, 
the Secretary of State for the Co-
lonial Office in the United King-
dom, established the London 
School of Hygiene and Tropical 
Medicine in 1899, not with the 
intention of serving the popula-
tion at large, but in recognition 
that the health of colonists was 
essential to the administration 
and control of the British empire 
(Greenwood, 2022). In gener-
al, Western medicine primarily 
served European settlers, and 
was only later extended to the lo-
cal population under cordon sani-
taire policy (Alubo, 2001), which 
instituted forced administration 
of vaccines and confinement of 
locals who were suspected of 

Thus, medicine served 
as a crucial instrument 
for the advancement of 
the colonial agenda. 

Figure 2. Mortality rates for British troops in Windward and Leeward Islands, and Jamaica, 
1803-1858. (Curtin, 1989)
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disease in attempt to construct 
sanitary enclaves for Europeans 
(Menke et al., 2020). Medical 
developments were not designed 
to aid local populations and any 
improvements in health observed 
in the group were largely a 
byproduct of efforts to safeguard 
European colonists from disease 
and infirmity — ultimately, to 
secure the empire.

Colonial medical campaigns 
were also often disguised under a 
pretext of saviorism.  In congress 
meetings in 1933, Rabat, Mo-
rocco and 1938, 
Algiers, Algeria, 
witnesses lauded 
“the civilizing 
work of benevo-
lent France in its 
expansion,” and 
urged colonial 
powers to “devel-
op the manifes-
tations of modern life, above all 
from the hygienic point of view” 
in a region where “everything 
remained to be done.” (Keller, 
2007). The colonized were char-
acterized as uncivilized, ignorant, 
unhygienic, diseased — in need 
of salvation from White respect-
ability, purity, and altruism.

Colonial medicine was 
strategically positioned and 
leveraged to present a scientific 

basis for racial and ethnic hier-
archy. Medical visits served as 
a means to obtain demographic, 
behavioral, and biological data 
on the local population, and were 
exploited as “crucial instruments 
for surveillance” (Keller, 2006). 
The body of empirical evidence 
was employed in the reinforce-
ment of supremacist ideology 
— cementing the narrative of 
non-White individuals being 
dirty and diseased, ignorant and 
superstitious, violent and barbar-
ian. Thus, through the authority 

of science, colonial 
ideology was rei-
fied to indisputable 
fact and reality. 
These powerful 
portrayals and 
historical anteced-
ents continue to 
pervade contem-
porary perceptions 

and self-perceptions of former 
colonies. On a larger scale, they 
inform global power dynamics 
and resource allocation. Seques-
tration of medical resources, 
research, and skilled personnel in 
Western countries continues to be 
observed today. While colonial 
investments in public health in-
frastructures have benefitted con-
temporary health (Dell & Olken, 
2017; Huillery, 2009), there is 

Research examining 
the colonial healthcare 
inequities that persist to 
the present is pivotal...
into enacting the system-
ic changes necessary for 
initiating reparations...

also the countervailing force of 
extractive institutions historically 
designed for the efficient export 
of resources to the metropole 
that continue to impinge on state 
policies, government attitudes, 
and economic performance (Ace-
moglu et al., 2001). Interestingly, 
these negative impacts have been 
found to be more prominent in 
regions where Europeans faced 
higher mortality rates, often 
regions with more severe disease 
environments, due to the height-
ened need to establish extractive 
institutions.

Additionally, a 2021 study 
on World Bank development 
projects in the health sector in 
Central Africa illustrates reduced 
success in areas with higher 
exposure to colonial medical 
campaigns (Lowes & Montero, 
2021). The study also analyzed 
Demographic and Health Sur-
veys and found lower vaccina-
tion rates and higher mistrust in 
medicine (measured by refusal of 
free, non-invasive blood tests for 
anemia and HIV) in these areas, 
controlling for various geograph-
ic and individual factors, such as 
environmental determinants of 
malaria (e.g. temperature, pre-
cipitation), education-level, and 
wealth. The relationship between 
colonial experience and elevated 
levels of mistrust is also corrobo-
rated by other literature (Blouin, 
2022; Nunn & Wantchekon, 
2009; Okoye, 2021). Addition-
ally, mistrust has been identified 
to primarily stem from internal 
channels; for example, how se-
verely an individual’s ancestors 
were devastated by colonial ex-
perience (Nunn & Wantchekon, 
2011). External factors, including 
deterioration of social, political, 
and economic structures, contrib-

Figure 3. (A) Increased exposure to colonial medical campaigns are negatively correlated with 
vaccination rates, and (B) positively correlated with refusal of blood test. (Lowes, 2021)
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uted less to levels of mistrust.
The significance of these 

present-day health disparities and 
their connection with historical 
devastations have led scholars to 
regard colonial experience as a 
structural determinant of health 
(Czyzewski, 2011; Ramos et al., 
2022; Rodríguez-Díaz, 2020). 
The colonial past sets newly 
independent countries in a subor-
dinate position of forced depen-
dency and lack of agency under 
systemic barriers and adverse 
living conditions. Therefore, it 
is essential to historically con-
textualize the healthcare crises 
we observe in former colonies 
and engage in critical scientific 
inquiry on the enduring effects 
of colonialism on public health. 
The scarcity of research in this 
area can inadvertently reinforce 
a reductive narrative that implies 
health crises directly arise from 
innate culture and beliefs. Epi-
demics do not form in a vacuum 
— they are complex and dynam-
ic phenomena that are born at the 
nexus of historical, geopolitical, 
social, and biological factors.

Research examining the 
colonial healthcare inequities 
that persist to the present is 
pivotal to building the structural 
basis and evidence to galvanize 
institutes and authority into 
enacting the systemic changes 
necessary for initiating repara-
tions towards countries that have 
experienced colonial injustices. 
This awareness can encourage 
development of locally specific 
and accessible medical resourc-
es, including implementation of 
education in cultural competency 
for physicians, investment in 
language interpreters, cultural 
translation of medical materials, 
and medical research focusing on 

non-Western countries. Improved 
patient-centered care, healthcare 
access, and resource allocation 
will foster a more trusting rela-
tionship between medicine and 
non-Western populations, and 
spur progress towards the end-
goal of decolonizing medicine. 
❧
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While cancer incidence 
continues to rise, med-

ical advancements have led to 
drastic improvements in survival. 
Since 1991, cancer death rates in 
the United States have decreased 
by 33%, resulting in an estimat-
ed 3.8 million deaths averted 
(Siegel et al, 2023). While new 
therapeutic options and improved 
detection methods have played 
a role in this survival benefit, 
patients with cancer are also 
increasingly turning to comple-
mentary and alternative meth-
ods in their treatment plans. An 
estimated one-third of American 
patients utilize meditation, yoga, 
acupuncture, herbal medicine, 
and supplements (Sanford et 
al, 2019). Thus, it is important 
to investigate the role various 
complementary and alternative 
interventions play in modern 
cancer treatment. 

Chemotherapy as a first-line 
treatment for cancer involves the 
use of systemic medications to 
kill rapidly dividing tumor cells. 
Despite its 
key role 
in many 
cancer 
treatment 
regimens, 
chemother-
apy causes 
a variety of 
side effects 
including, but certainly not lim-
ited to, nausea, vomiting, nutri-

KRISHNA SANAKA

tional deficiencies, hair loss, im-
munosuppression, nerve damage, 
and potential for long term organ 
damage (Altun and Sonkaya, 
2018). Pharmacologic interven-
tions to alleviate chemotherapy 
side effects are often utilized. For 
example, serotonin inhibitors and 
corticosteroids have antiemetic 
properties and are frequently 
used in the clinical setting (Rao 
and Faso, 2012). From a comple-
mentary medicine perspective, 
acupuncture is a nonpharmaco-
logic option with potential to 
relieve chemotherapy-associated 
nausea and vomiting, cancer-re-
lated pain, and other symptoms. 

This method, 
based on 
tradition-
al Chinese 
medicine, 
involves plac-
ing thin, steel 
needles at se-
lect pressure 
points across 

the body to relieve a bothersome 
symptom (Patel et al, 2020). 

Neuroimaging data shows that 
acupuncture results in the stimu-
lation of a number of regions in 
the brain, including the primary 
and secondary somatosensory, 
anterior cingulate, prefrontal 
and insular cortices, amygdala, 
hippocampus, and hypothalamus 
(Lu et al, 2009). According to 
multiple studies, patients receiv-
ing acupuncture experienced 
significantly less nausea on the 
days of chemotherapy infusions 
and on subsequent days of the 
treatment cycle (Lu et al, 2009). 
Acupuncture may be an effective 
non-pharmacological option to 
reduce chemotherapy-induced 
nausea and vomiting in patients 
as a sole therapy or as an adjunct 
to more standard pharmacologic 
antiemetic practices. 

Not only do patients with 
cancer endure negative side ef-
fects related to their therapy, but 
they also often experience signif-
icant mental health concerns with 
up to 47% of all cancer patients 
reporting a significant level of 
distress (Randazzo and Peters, 

Figure 1. Acupuncture, shown above, involves mechanically or electrically “pricking” patients 
to affect the neuroendocrine system and reduce pain elsewhere in the body. (Hunter, 2007)

Treating the patient, not just the tumor: The role 
of complementary methods in cancer therapy

Staff Writer

Acupuncture may be an effective 
non-pharmacological option to 
reduce chemotherapy-induced 
nausea and vomiting in patients 
as a sole therapy or as an ad-
junct to more standard pharma-
cologic antiemetic practices.
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2016). This distress may be due 
to fear of cancer-related mortal-
ity as well as financial burdens, 
isolation from friends and family, 
alterations in lifestyle and more. 
The rate of depression among 
cancer patients is estimated at 
three times that of the gener-
al population (Smith, 2015). 
A number of complementary 
medicine techniques may be used 
to treat cancer-related depression 
and anxiety. Acupuncture may 
provide improved mental health 
(Satija and Bhatnagar, 2017). 
Mindfulness-based meditation, 
originating in Eastern religious 
traditions such as Hinduism and 
Buddhis, involves achieving a 
state of mind that is aware and 
in control of the present moment 
in order to reduce stress and 
improve overall health (Mehta 
et al, 2019). Studies have shown 
that mindfulness-based medita-
tion not only lowers anxiety and 
depression scores in cancer pa-
tients, but it also leads to signif-
icant improvements in physical 
health and the immune response 

(Mehta et al, 2019). 
In addition to combating 

therapy-related side effects and 
cancer-related depression and 
anxiety, complementary medi-
cine techniques provide patients 
with a sense of empowerment. 
This, in turn, may increase the 
likelihood a patient 
completes the stan-
dard of care therapy 
course. Nonadher-
ence to a planned 
chemotherapy regi-
men is a significant 
barrier to improving 
cancer outcomes. It 
has been reported 
that up to one-third 
of patients who initiate chemo-
therapy fail to complete more 
than half of the recommended 
treatment, which results in worse 
cancer-specific survival rates 
(Morris et al, 2007). Chemother-
apy nonadherence is also associ-
ated with a variety of social fac-
tors, including rural geography, 
low socioeconomic index, and 
lack of access to high-volume 
medical professionals (Morris 
et al, 2007). Addressing therapy 
nonadherence is clearly a matter 
of improving cancer outcomes 
while also closing healthcare 
disparities among historically 
vulnerable groups. Complemen-
tary medicine interventions may 
impart an element of choice that 
helps patients feel a greater level 
of control over their treatments, 
potentially improving compli-
ance (Buckner, 2018). Encourag-
ing patients with cancer to pursue 
adjunctive complementary ther-
apies such as acupuncture, yoga, 
and meditation, offers them more 
autonomy over their treatment 
plan. Studies have shown that 

when complementary inter-
ventions are included, patient 
adherence to standard medical 
therapy regimens is improved 
and direct involvement in disease 
management is greater (Martin et 
al, 2005). 

Therefore, allowing and even 
encouraging pa-
tients to pursue 
complementary 
treatments as 
an adjunctive 
to standard of 
care therapy 
may be essential 
in empowering 
patients. Ulti-
mately, such 

treatments could significantly im-
prove health outcomes by man-
aging chemotherapy-related side 
effects, decreasing cancer-related 
distress, depression, and anxiety, 
and improving compliance to 
recommended cancer-directed 
therapies. ❧

Figure 2. Mindfulness meditation, depicted 
above, is a practice with extensive history 
that involves bringing oneself to the present 
moment in order to alleviate symptoms of 
anxiety and depression. (Budassi, 2022)

Encouraging patients 
with cancer to pursue 
adjunctive complemen-
tary therapies such as 
acupuncture, yoga, and 
meditation, offers them 
more autonomy over 
their treatment plan. 
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“A major first step, then is to 
identify the many different types 
of neurons existing in the cere-
bral cortex… The ideal signal 
would be light… This seems rath-
er far-fetched but it is conceiv-
able that molecular biologists 
could engineer a particular cell 
type to be sensitive to light in this 
way” (Crick, 1999). 

In a 1999 edition of the 
Royal Society Journal, 

Francis Crick, who co-discov-
ered the structure of DNA, 
suggested the possibility that one 
could control neural activity with 
light (Crick, 1999). Once de-
scribed as “far-fetched”, this con-
cept is now the basis for optoge-
netics- a technique that enables a 
genetically based, high-temporal 
resolution method to control 
neural activity noninvasively. 
What is particularly exciting 

YUNA LEE
about optogenetics is the amount 
of control and precision it allows 
researchers to have over defined 
cell types (Deisseroth, 2010). 
Previously, electrodes have been 
used to stimulate or record neural 
activity, but lacked the specificity 
offered by optogenetics- using 
electrodes stimulates all cells 
at the insertion site, and cannot 
be used to turn off neurons with 
precision. With optogenetics, sci-
entists can selectively activate or 
inhibit specific types of neurons 
in the brain by using light to con-
trol genetically modified proteins 
called opsins. By inserting genes 
encoding opsins into particular 
neurons and then shining light on 
those neurons, researchers can 
manipulate their activity with 
remarkable precision.

The discovery of optogenet-
ics was dependent on several, 
seemingly unrelated studies 
conducted by labs across several 
academic institutions. Francis 
Crick had introduced the ground-
breaking concept of optogenetics 
within the realm of neuroscience. 
He envisioned the potential 

of utilizing light as a tool for 
precisely manipulating specific 
neurons, offering a revolutionary 
approach to understanding the 
intricacies of the brain. During 
this period, though the idea was 
visionary, practical application 
remained a challenge due to the 
lack of techniques for integrat-
ing photosensitive proteins into 
neuroscience methodologies 
(Deisseroth, 2011). Coinci-
dentally, within the scientific 
community, microbiologists had 
already made significant progress 
in understanding photosensitive 
proteins. Research conducted by 
Oesterhelt and Stoeckenius in 
1971 and further expanded upon 
by Matsuno-Yagi and Mukohata 
in 1977 shed light on the exis-
tence of these proteins, which 
played a vital role in regulating 
ion flow across the plasma mem-
brane in various microorganisms 
(Oesterhelt and Stoeckenius, 
1971; Matsuno-Yagi and Muko-
hata, 1977; Deisseroth, 2011). 
This knowledge provided a foun-
dational understanding of the 
biological basis of optogenetics. 

Figure 1. Light-responsive molecules utilized in optogenetics and their corresponding non-vertebrate species. (Farrar et al., 2014)

Flipping the light switch of neurons: Illuminating 
the discovery and implications of optogenetics

Staff Writer
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The turning point in the 
development of optogenetics 
occurred in 2003 with a pio-
neering study led by Nagel and 
colleagues, when they success-
fully demonstrated the feasi-
bility of expressing microbial 
opsins, a type of light-sensitive 
ion channel protein, in non-ex-
citable mammalian cells (Nagel 
et al., 2003). This breakthrough 
enabled rapid and precise cell 
depolar-
ization in 
response 
to light 
stimuli, 
marking 
a signif-
icant advancement in the field. 
Building upon Nagel’s work, 
another pivotal study conducted 
by Boyden and collaborators in 
2005 showcased the remarkable 
efficacy of light in modulating 
the electrical excitability of 
neurons (Boyden et al., 2005). 
Through the expression of micro-

bial opsins in mammalian neu-
rons, they achieved unparalleled 
spatial and temporal resolution in 
controlling neural activity. This 
achievement opened the door to a 
new era in neuroscience research, 
offering scientists unprecedented 
control over neuronal functions 
with the potential for trans-
formative discoveries. These 
foundational studies not only 
illuminated the path for optoge-

netics but also 
highlighted the 
collaborative 
nature of scien-
tific progress. 
The collabora-
tion between 

visionary concepts, biological 
discoveries, and innovative ex-
perimental techniques ultimately 
propelled optogenetics from a 
theoretical idea in 1979 to a pow-
erful and transformative tool in 
neuroscience by the early 2000s.

Optogenetics facilitated 
a new era in neuroscience by 

enabling precise causal experi-
ments. Initially, when scientists 
inserted electrodes into animal 
brains, they observed neurons 
reflecting specific environmental 
features, states, or motor move-
ments (Gildenberg, 2009). These 
observations led to theories 
about brain functioning, action 
generation, computation, and 
information storage. However, 
the lack of precise tools hindered 
rigorous testing of these theories 
until the advent of optogenetics. 
This technique facilitated gain 
and loss function experiments, 
enabling scientists to determine 
if the activity of specific neurons 
is necessary and sufficient to ex-
plain particular behaviors (Kim 
et al., 2017). Optogenetic meth-
ods have significantly advanced 
our understanding of a wide 
array of phenomena in behav-
ior, physiology, and pathology, 
spanning the domains of sensa-
tion, cognition, and action. The 
emergence of single-component 
optogenetics as a standard re-
search tool, known for its speed, 
simplicity, and versatility, played 
a crucial role in justifying the 
initiation of large-scale national 
neuroscience research initiatives 
such as the BRAIN initiative in 
2013 (Deisseroth, 2015). These 
methods have illuminated the 
causal roles of specific cell types 
and projections in both natural 
and disease-related physiological 
and behavioral processes, rang-
ing from basic homeostasis to 
complex cognitive functions. For 
example, optogenetic techniques 
have revealed the underlying 
neuronal mechanisms regulat-
ing movement (Petreanu et al., 
2009) and identified unexpected 
bottom-up circuit mechanisms 

Figure 2. Post-stroke mice brains stimulated using optogenetic technology. (Carr, 2014)

Through the expression of micro-
bial opsins in mammalian neu-
rons, they achieved unparalleled 
spatial and temporal resolution in 
controlling neural activity.
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through which the spinal cord 
and cerebellum control skilled 
and voluntary movements (Heff-
ley et al., 2018). 

Researchers have also 
pinpointed patterns of activity 
in genetically and anatomically 
defined cells, even when mixed 
with other cell types, that specifi-
cally drive or inhibit fundamental 
organismal functions such as 
hunger, thirst, energy balance, 
respiration, arousal, sleep, and 
the circadian rhythm (Deisseroth, 
2015). For example, a study done 
on the circadian rhythm used 
photostimulation to establish a 
causal relationship between a 
specific neuron type (Hcrt-pro-
ducing neurons) to sleep state 
behaviors of mice (Adamantidis, 
2007). Optogenetics has also 
been extensively applied to the 
study of primary sensory infor-
mation transmission, including 
olfactory, auditory, visual, and 
tactile processing. A significant 
development in recent years has 
been the testing of longstanding 
and debated 
models of 
neural infor-
mation rep-
resentation. 
Using activ-
ity-guided 
expression 
of microbial 
opsin genes, 
research-
ers have causally identified 
sparse and distributed popula-
tion representations (engrams) 
underlying memory states and 
the connections among features 
of these states (Liu et al., 2012). 
Optogenetic studies have also 
investigated learning processes in 
various brain regions, including 

the ventral striatum, amygdala, 
and hippocampus. Bypassing 
the usual pairing of an aversive 
stimulus with an auditory senso-
ry cue, a study performed a fear 
conditioning experiment pairing 
optical control of the LA (lateral 
amygdala) pyramidal neurons 
with the sensory cue, finding that 
the subsequent presentation of 
the tone produced behavioral fear 
responses (Johansen et al., 2010). 
Overall, a common thread in op-
togenetic research is the identifi-
cation of specific cell populations 
or their projections with mecha-
nistic contributions to individual 
symptom domains, providing 
causal maps that explain both 
adaptive and maladaptive states.

In summary, optogenetics’ 
power lies in its ability to selec-
tively activate or inhibit spe-
cific neurons with unparalleled 
precision. This level of control 
has allowed scientists to unravel 
the intricacies of various physio-
logical and behavioral processes, 
ranging from fundamental func-

tions like homeostasis 
to complex cognitive 
operations. By manip-
ulating neural circuits 
with remarkable accu-
racy, researchers have 
identified the specific 
roles of defined cell 
types and projections 
in phenomena such as 
movement regulation, 

sensory information processing, 
and learning. Moreover, opto-
genetics has challenged existing 
models of neural information 
representation. Through the ma-
nipulation of synaptic plasticity 
and microcircuit dynamics, sci-
entists have gained new perspec-
tives on memory states and their 
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connections, refining our under-
standing of learning processes 
and information flow within the 
brain. By integrating innovative 
ideas with biological knowledge 
and experimental techniques, 
optogenetics exemplifies the 
product of collaborative science. 
As this technology continues to 
advance, it holds the promise of 
unlocking further mysteries of 
the brain, offering not only pro-
found scientific insights but also 
paving the way for innovative 
therapies and treatments in the 
field of neuroscience. ❧

Optogenetic techniques 
have revealed the under-
lying mechanisms regulat-
ing movement & identified 
unexpected bottom-up 
circuit mechanisms [that 
control] skilled and vol-
untary movements.
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Currently, about 280 mil-
lion people in the world 

are diagnosed with depression, 
and depression is about 50% 
more common in women than in 
men (World Health Organization, 
2023). Its symptoms include a 
depressed mood, anhedonia (a 
loss of pleasure or interest in 
activities), poor concentration, 
disrupted sleep, and more; these 
symptoms must be present nearly 
every day for at least 2 weeks to 
be classified as depressive disor-
der. However, treatment-resistant 
depression (TRD) is a diagno-
sis for patients with depressive 
disorder whose symptoms do not 
respond typically to antidepres-
sant medications and/or psycho-
therapy. Although it is estimated 
that more than a third of pa-
tients treated for depression are 
treatment-resistant, the official 
definition of TRD varies from 
expert to expert, and no consen-
sus remains about 
how to diagnose 
TRD as no official 
definition current-
ly exists in the 
Diagnostic and 
Statistical Manual 
of Mental Dis-
orders (DSM)-5 
(Pandarakalam, 2018). The most 
widely accepted definition of 
TRD is when a patient’s depres-
sive symptoms do not improve 
after being treated with two 
antidepressants from different 

ESTHER JUNG

classes. However, other experts 
postulate that TRD may be 
diagnosed if a patient does not 
respond to at least four different 
treatments, including psychother-
apy. Since there is no common 
consensus on how to diagnose 
TRD, there is no common con-
sensus on how to treat it (Souery 
et al., 2006). When patients do 

not respond to certain 
courses of treatment, 
what other options 
do they have left to 
treat their depression? 
Medical profession-
als often recommend 
combination therapy, 
which includes com-

bining two different antidepres-
sants, or augmentation therapy, 
which involves the addition of 
a non-antidepressant medica-
tion to increase, or augment, 
the effects of another antide-

pressant the individual is taking. 
More drastic recommendations 
include electroconvulsive thera-
py (ECT), transcranial magnetic 
stimulation (TMS), and deep 
brain stimulation (DBS).

Typically, patients with 
non-treatment-resistant depres-
sion are treated with various 
types of antidepressants. The 
most common class of antide-
pressant prescribed is selective 
serotonin reuptake inhibitors 
(SSRIs), which work to prolong 
the neurotransmitter serotonin’s 
effects. Another class of an-
tidepressant is selective sero-
tonin-norepinephrine reuptake 
inhibitors (SNRIs); these drugs 
work similarly to SSRIs, but 
they also block the reuptake 
of norepinephrine along with 
serotonin, prolonging the effects 
of both serotonin and norepi-
nephrine. to last longer. How-

The challenges of diagnosing and treating 
treatment-resistant depression

Staff Writer

Since there is no 
common consensus 
on how to diagnose 
TRD, there is no 
common consensus 
on how to treat it.

Figure 1. Staging criteria of treatment-resistant depression as a spectrum, rather than one 
singular diagnosis. (Keller, 2005)
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ever, most patients with TRD 
have demonstrated a resistance 
to antidepressants, so adminis-
tering these drugs is typically 
ineffective in treating depressive 
symptoms in these patients. 

To combat this issue, there 
exist two pharmaceutical treat-
ments for TRD: combination 
therapy and augmentation thera-
py. Combination therapy can be 
effective by utilizing other less 
commonly used antidepressants 
in addition to medications like 
SSRIs or SNRIs. Monoamine 
oxidase inhibitors (MAOIs) are 
one class of antidepressants that 
have declined in popularity with 
the continuing increase in the 
number of available antidepres-
sants (Fiedorowicz & Swartz, 
2004). Generally, MAOIs are not 
widely prescribed due to poten-
tial adverse side effects — some 
of which may be life threaten-
ing — along with the added risk 
for dietary and drug interactions 
(Thomas et al., 2015). However, 
multiple studies have demon-
strated the efficacy of MAOIs 
in combination 
with other anti-
depressants for 
the management 
of TRD (Thom-
as et al., 2015). 
Augmentation 
therapy is anoth-
er pharmaceutical therapy that 
works by adding another drug 
— typically not an antidepres-
sant — to enhance the effects of 
an antidepressant. For example, 
some antipsychotics, particularly 
aripiprazole, have been shown to 
be particularly effective in aug-
menting treatment with an SSRI 
(Philip et al., 2010).

Because there is no official 

diagnosis for TRD in the DSM-
5, estimates of the proportion of 
patients affected by TRD range 
anywhere from about one third 
(Fava & Davidson, 1996) to up 
to 50% to 60% (Fava, 2003). 
Clinicians have found some 
characteristics to be associated 
with TRD, including symptom 
severity, suicidality, higher 
number of lifetime depressive 
episodes, comorbid anxiety, and 
anhedonia, symptoms vary from 
person to person (Kverno & 
Mangano, 2021). Some clinicians 
have proposed conceptualizing 
TRD as existing on a spectrum, 
“from failure to respond to one 
standard antidepressant trial, to 
failure of multiple antidepres-
sant classes or augmentation 
strategies, to failure of ECT” 
(Philip et al., 2010). The lack of 
agreement on TRD’s diagnosis 
has led to inconsistency in TRD 
research; a 2019 literature review 
conducted using 260 articles 
identified that the most common 
criteria for a diagnosis of TRD 
required a minimum of two prior 

treatment failures 
with confirmation 
of prior adequate 
dose and dura-
tion. However, 
the same review 
found that only 
17% of interven-

tion studies enrolled participants 
that met the most frequently cited 
criteria for TRD (Gaynes et al., 
2019). Although there is a lack of 
consensus about the number and 
frequency of treatments an indi-
vidual must have attempted be-
fore being diagnosed with TRD, 
it appears that a majority of these 
individuals have attempted treat-
ment with antidepressants.

When pharmaceutical 
therapies prove ineffective, 
patients with TRD must turn to 
more drastic alternatives. Elec-
troconvulsive therapy (ECT) is 
one option that can be effective 
for patients with TRD. ECT is 
administered to patients under 
general anesthesia by electrically 
stimulating the brain. The elec-
trical currents are passed through 
multiple electrodes attached to 
the scalp at precise locations 
(American Psychiatric Associa-
tion, n.d.). Transcranial magnetic 
stimulation (TMS) is also an 
option for treating TRD; TMS 
uses magnetic fields, rather than 
electrical stimulation, with an 
electromagnetic coil to stimulate 
specific areas of the brain. How-
ever, repetitive TMS is likely not 
as efficacious as ECT (Xie et al., 
2013). The most experimental 
option to treat TRD is deep-
brain stimulation (DBS). This 
procedure is a neurosurgery that 
involves implanting electrodes 
into specific areas of the brain 
to stimulate them and attaching 
the electrodes to a battery pack, 
which is typically implanted 
under the skin in the upper 
chest (American Association of      
Neurological Surgeons, n.d.).

Currently, DBS is most 
commonly performed to alleviate 
symptoms associated with move-
ment disorders (e.g., dystonia, 
essential tremor, and Parkinson’s 
disease), epilepsy, or obses-
sive-compulsive disorder. Chang-
es in subcallosal cingulate (SCC) 
activity in the brain have been 
associated with antidepressant re-
sponse to a variety of treatments, 
making the SCC a particular re-
gion of interest for TRD patients. 
Studies done at Emory School of 

When pharmacuetical 
therapies prove inef-
fective. patients with 
TRD must turn to more 
drastic alternatives. 
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Medicine using DBS have found 
that stimulation of the SCC can 
mediate antidepressant response 
in TRD patients and lead to a 
stable decrease in depression 
symptoms (Riva-Posse et al., 
2014). The SCC continues to 
be the most studied region for 
DBS in TRD patients, and some 
outcome data for patients receiv-
ing more than 6 years of chronic 
SCC DBS suggest significant and 
lasting antidepressant efficacy 
(Riva-Posse et al., 2014),

However, there are signifi-
cant consequences and barriers 
to consider for each treatment 
option. ECT poses challenges 
since it must be conducted in a 
clinic that provides anesthesia 
and monitoring. ECT is associat-
ed with cognitive side effects that 
can be significant in a minority 
of patients (Delaloye & Holtzhei-
mer, 2014). Meanwhile, TMS 
requires daily treatments over 
several weeks, which can be a lo-
gistical barrier for some patients. 
DBS remains the riskiest option 
to treat TRD; the treatment is 
an invasive neurosurgery that is 
much more experimental than 
TMS or ECT, as ECT and TMS 
remain more accessible and less 
risky than DBS. Furthermore, 
there are multiple target areas in 
the brain that could be related to 
TRD but have yet to be inves-
tigated fully. Some other brain 

Figure 2. a. Coronal view of a deep-brain stimulation lead targeting the subcallosal cingate in 
an example patient. The red sphere indicates the volume of tissue activated (VTA). b. Common 
activation pathway patterns from stimulation at 6 months. (Alagapan et al., 2023)

regions that have been impli-
cated in depression pathology 
are the ventral striatum, nucle-
us accumbens, and the medial 
forebrain bundle (Riva-Posse et 
al., 2014). Furthermore, DBS 
requires very precise mapping of 
the brain to determine the best 
stimulation sites for electrodes 
to be placed; if the electrodes are 
placed in the wrong position or 
location, they could have unin-
tended neurological side effects.

Depression is a leading con-
tributor to the global burden of 
disease, and better understanding 
its nuances is crucial to allevi-
ating its burden. From 1990 to 
2010, depression has advanced 
worldwide from 15th to 11th 
place in contributing to years lost 
due to disability (Delaloye & 
Holtzheimer, 2014). Depression 
rates have increased 49.9% from 
1990 to 2017, and with that, cas-
es of TRD are likely climbing as 
well (Liu et al., 2020). As TRD 
continues to remain overlooked 
or undiagnosed, patients suffer 
from disproportionate burdens, 
escalating medical and mental 
healthcare costs, clinician time, 
and personal suffering (Sackeim, 
2001). Therefore, it is of crucial 
importance that clinicians and 
researchers devote more time 
to understanding the diagnosis 
of TRD. As no clear consensus 
exists for defining adequacy of 
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either dose or duration of treat-
ment when diagnosing TRD, 
clinicians must urgently agree 
upon a consensus definition of 
TRD that addresses how best to 
specify the number of prior treat-
ment failures and the adequacy 
of dose and duration (Gaynes et 
al., 2019). Although promising 
treatments do exist for patients 
with TRD, a fundamental lack of 
research on these treatments still 
impedes current knowledge of 
how to treat TRD to ensure that 
patients do not continue to suffer 
from mental health symptoms. 
❧ 
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Single biomolecules, in-
cluding DNA, RNA, and 

proteins, have been analyzed and 
sequenced by the same general 
methods without variation for 
more than a generation. Protein 
analysis is heavily dependent 
on mass spectrometry, either of 
the full intact protein or peptide 
fragments. DNA and RNA anal-
ysis involves PCR followed by 
various sequencing techniques. 
While these techniques for anal-
ysis of single biomolecules have 
seen substantial improvements in 
recent times, progress, especial-
ly in the domain of proteomics, 
necessitates exploring new ave-
nues, one of which merely com-
prises a small hole in a sheet of 
silica. These small holes, termed 
nanopores, have the potential to 
revolutionize our understanding 
of the genome and proteome 
while also transforming disease 
diagnosis and understanding. 

The underlying mechanism 
of analysis by nanopores is rel-
atively simplistic, which allows 
for broad application of the prin-
ciples to analysis of various mol-
ecules. An ion 
current flow is 
induced through 
nanopores on 
the surface of 
a silica sheet 
upon application of a voltage. 
Disturbances in this current, 
caused by any molecule flowing 
through the nanopore, including 

ZACH PAIKAN

ribonucleases and proteins, can 
be measured and graphed. The 
magnitude and duration of these 
aberrations in the ion current is 
monitored (Dekker, 2007). To 
apprehend how nanopores could 
be employed for careful analysis, 
one must note that the charac-
teristics of a signal are far more 
nuanced and specific to a type of 
molecule than might be intuitive-
ly reasoned. Based on the exact 
characteristics of a current dis-
ruption, various properties of a 
sample can be inferred, including 
polarity, charge, size, and shape 
(Wen et al., 2021). This princi-
ple provides the groundwork for 
how nanopores might be able to 
differentiate between molecules, 
like different amino acids — a 
small, nonpolar amino acid like 
glycivne will produce a very 
different signal from bulky and 

polar trypto-
phan, to give an 
example. The 
employment of 
machine learn-
ing technology 

can allow for careful character-
ization of the nanopore signal 
specific to an analyte, allowing 
for development of known stan-

dards against which samples can 
be compared for identification 
purposes (Taniguchi et al., 2021). 
Machine learning, with repeated 
training, can determine all the 
characteristics of a signal that 
constitute a specific molecule 
flowing through a nanopore and 
rapidly identify the molecule 
with great accuracy.

The construction of nanopore 
chips is a feat in itself, war-
ranting brief discussion before 
addressing the applications of 
this technology in the realm of 
medicine and analysis of biolog-
ical specimens. The nanopore 
workflow is entirely localized on 
a small chip a few millimeters in 
diameter. Nanopores themselves 
may be only a few hundred 
nanometers wide, and the chem-
ical properties of the channels 
surrounding the nanopore must 
be carefully designed with 
consideration of characteristics 
like polarity to ensure molecules 
move through the nanopore 
properly (Taniguchi et al., 2021). 
The ability to manufacture such a 
complex system on the nanoscale 
is difficult to fathom but allows 
for high-resolution signal data, 
enabling the usefulness of the 

Nanopores: A tool for disease diagnosis 
and analysis of single biomolecules

Events Chair

These small holes, termed 
nanopores, have the poten-
tial to revolutionize our un-
derstanding of the genome.

Figure 1. Nanopore chip developed by Oxford Nanopore for DNA sequencing reads. (Oxford 
Nanopore, 2019)
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nanopore.
Nanopore technology can 

be applied to sequence DNA 
much like the workflow of PCR 
followed by various next-gen-
eration sequencing techniques. 
Nanopore sequencing can read 
up to 880 kb of DNA bases 
(Delahaye and Nicolas, 2021), 
and with no need for amplifica-
tion by PCR or outside labeling 
(Branton et al., 2008), nanopore 
technology could significantly 
reduce the time and cost invest-
ment associated with genome se-
quencing. Nanopore sequencing, 
however, currently suffers from 
lower accuracy compared to 
other next-generation sequencing 
technologies. Next-generation se-
quencing products by companies 
like Illumina have a 99.9% accu-
racy rate, compared to a 87-98% 
accuracy rate for PromethION, a 
popular nanopore-based product 
from Oxford Nanopore Technol-
ogies (Lin et al., 2021). Contin-
ued improvement in nanopore 
technology may bridge this 
gap and allow for the effective 
elimination of error in DNA base 
identification, as seen with other 
sequencing technologies.

The most intriguing appli-
cation of the nanopore to DNA, 
however, lies in the possibility of 
sequencing beyond the order of 
DNA bases — unlocking the epi-
genetic code may 
be facilitated by 
nanopore tech-
nology. Abnor-
malities in DNA 
methylation can 
be found in a va-
riety of tumors, 
and proposed 
assays using nanopores have the 
potential to diagnose the methyl-

ation state of individual nucleo-
tides, similarly without the use 
of outside labels or amplification 
(Lin et al., 2021). Modification 
of RNA nucleotides, which are 
associated with cancers and neu-
rological diseases, have also been 
characterized through changes 
in the ion current signal in the 
nanopore (Wang et al., 2022). 
The high specificity associated 
with nanopore signal blocking 
can render existing sequencing 
technology for characterization 
of nucleic acids anachronis-
tic, especially when detection 
specificity can be fully optimized 
by the incorporation of ma-
chine-learning technology. 

SMPS, or single-molecule 
protein sequencing, involves 
identification of the sequence of 
amino acids in a protein, which 

is vital for a 
variety of reasons, 
including greater 
physiological 
understanding of 
the roles played 
by specific pro-
teins in the cell 
and the develop-

ment of drugs. SMPS currently 
depends on mass spectroscopy 

for protein identification, as well 
as the use of chemical probes 
to label amino acids. 93.2% of 
proteins theoretically encoded 
in the human genome have been 
detected, but given the sheer 
number of proteins encoded in 
our DNA, 1,343 proteins remain 
completely “missing” (Omenn 
et al., 2023). In the universe of 
eukarya, 43.2% of theoretical 
proteins are part of the so-called 
“dark proteome,” meaning that 
characterization has not been suf-
ficient in allowing for three-di-
mensional modeling (Perdigão 
and Rosa, 2019). Identification of 
lower-abundance proteins in the 
cell is difficult using mass spec-
troscopy, and characterization of 
post-translational modifications 
and alternative splicing of DNA 
to produce new forms of proteins 
are lacking (Alfaro et al., 2021). 
While various chemical probes 
exist for more reactive amino 
acids like cysteine and lysine, 
many less reactive amino acids 
are not able to be labeled. The 
development of reactions that 
attach unique and identifiable 
probes selectively to a single 
amino acid provides extraordi-
nary challenge, and the devel-

Continued improvement 
in nanopore technology 
may bridge this gap and 
allow for the effective 
elimination of error in 
DNA base identification.

Figure 2. Clear visualization of how biomolecules can be threaded through a nanopore and 
analyzed. (NHGRI, 2023)
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opment of these bioconjugation 
methods is high-impact work; 
the development of a methionine 
probe a few years ago was per-
ceived as a significant discovery 
(Lin et al., 2017). 

While various research 
groups are working to develop 
probes for selective enrichment 
of all amino acids, nanopores 
could allow for SMPS without 
enrichment. If the resolution 
of the ion current through a 
nanopore is sufficiently high, the 
unique structure and electron-
ics of each amino acid could be 
discerned as a peptide is threaded 
through the nanopore (Hu et al., 
2021). The upshot could be im-
mediate protein sequencing and 
identification of all twenty amino 
acids, with nanopore protein se-
quencing being as facile as DNA 
assays. Such expansive SMPS 
with the nanopore is mostly 
theoretical, although identifica-
tion of single amino acid sub-
stitutions in peptide has already 
been accomplished. Substitution 
of aspartic acid with tryptophan 
or glycine produced a noticeable 
change in the current through 
the nanopore (Brinkerhoff et al., 

2021). Shortly following this 
work, a group was able to design 
a nanopore capable of discrim-
inating all twenty amino acids 
with 98.6% accuracy, as well as 
the post-translational modifica-
tions of methylation, acetylation, 
glycosylation, and phosphoryla-
tion, with the assistance of a ma-
chine-learning algorithm, made 
possible by high signal resolution 
(Wang et al., 2023). 50-90% of 
human proteins have undergone 
at least some form of post-trans-
lational modification (PTM), 
and these PTMs are essential for 
biological function and can serve 
as markers for cancer and other 
diseases (Doyle and Mamula, 
2001). While 
peptides were 
fully digested 
into constitu-
ent amino acid 
residues to 
make this work possible, the rate 
at which nanopore technology 
is improving will enable larger 
proteomics applications in the 
future.

The ability to differentiate 
proteins as they move through 
the nanopore additionally has 

The rate at which nanopore 
technology is improving will 
enable larger proteomics 
applications in the future.

applications in disease diagnosis. 
Many existing tests to diagnose 
pathogens involve blood or 
tissue cultures and test results are 
only delivered a few days later. 
Nanopore-based diagnoses, how-
ever, can be returned in as little 
as six hours, enabling prompt 
prescription of targeted antibiot-
ics to improve patient outcomes 
(Zhang et al., 2023). The im-
proper prescription of antibiotics 
due to the difficulties associated 
with characterizing the pathogen 
causing an infection has contin-
ued to plague the medical world, 
yet nanopores provide a potential 
for swift pathogen identifica-
tion. The COVID-19 pandemic 
provided ample opportunity for 
improvement of disease diagno-
sis methods, and the incorpora-
tion of the nanopore into these 
techniques is not surprising. 
PCR, currently considered the 
most effective method for detec-
tion of SARS-CoV-2 proteins, 
involves the amplification of 
viral RNA, which can then be 
easily detected. Current nanopore 
diagnosis, which does not require 
any amplification, surprisingly 
has a similar time-cost relative to 
PCR. With that said, PCR suffers 
from false negative results owing 
to the lower sensitivity of the as-

say. Nanopores 
are capable 
of detecting 
much smaller 
amounts of 
viral genetic 

material and therefore exhibit 
far greater sensitivity. Empiri-
cally, a study in Wuhan found 
that nanopores were able to 
detect 96.5% of positive cases, 
far outpacing the less-sensitive 
PCR, only identifying 80.2% of 
cases classified as positive (Li 

Figure 3. Graph of the ion current demonstrating slight changes in signal upon single amino 
acid substitution (aspartic acid, tryptophan, or glycine). (Brinkerhoff et al., 2021).
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et al., 2022). The utilization of 
nanopores for pathogen iden-
tification has broad scope, and 
the diagnosis of COVID-19 is 
a good proof of concept for the 
real-world applicability of the 
nanopore, with the potential 
to improve patient outcomes 
through higher specificity in 
diagnosis and faster test return 
times.

The theoretical scope of 
the nanopore’s impact can be 
summarized with a single word: 
detection. Whether it be DNA, 
RNA, or a protein, any mole-
cule can be threaded through 
a nanopore with the blocking 
of the ion current producing a 
distinctive signal, which through 
advanced analysis techniques in-
corporating artificial intelligence 
and high resolution signals, can 
rectify various limitations in ge-
nomics, proteomics, and disease 
diagnosis. 

Given the sheer pace at 
which nanopore technology 
has advanced, a future in which 
amino acid PTMs, epigenetic 
modifications, the sequence of 
DNA bases, and the pathogens 
causing a disease can all be 
accurately perceived through a 
nanopore-based workflow in less 
than a few hours is likely fast 
approaching. ❧
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Zika: Microcephaly 
defects. Chikungunya 

virus: Potential chronic arthritis. 
These have been pressing head-
lines seen in recent news. With 
global rises in temperatures caus-
ing rise in mosquito reproduction 
and survivability, news coverage 
has reported on mosquito borne 
viruses and failures in known 
disease mitigation methods 
including  vaccine deployment 
and insecticide treatment; as 
well as lack of sustainability and 
self-sustaining quality in known 
approaches. As we look towards 
more effective solutions, the 
Wolbachia method has emerged 
as a strong contender with its 
possibility of limiting the spread 
of infectious diseases such as 
Dengue Fever, heartland virus, 
and Zika from the crux of the 
issue. This article will describe 
the critical need for solutions 
that mitigate spread of infectious 
diseases at the human-animal 
interface; the mechanism of the 
Wolbachia method including its 
effectiveness, and future direc-
tions for this science.

Importance of Limiting the 
Spread of Mosquito-Borne 
Viruses

Rising temperatures and 
changes in seasonal patterns have 
caused mosquito borne diseases 
transmission to increase, espe-
cially for endemic diseases such 
as chikungunya, Zika, malaria, 
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and yellow fever (Allgoewer, 
2022). In fact, it is estimated 
that approximately 390 million 
people are infected each year 
with dengue, and many more 
affected with Zika and yellow 
fever (World Mosquito Program, 
2023). Zika is a virus mainly 
found in tropical Africa, South-
east Asia, and the Pacific Islands 
(Center for Disease Control, 
2019). It presents with minor 
symptoms of headaches, fever, 
and joint pain, but can also lead 
to more serious consequences 
such as microcephaly (smaller 
head size), Guillain-Barre syn-
drome (damage to the nervous 
system), and meningoenceph-
alitis (Shariff et al., 2023). The 
virus is not only spread by an  
increased number of mosqui-
toes, the vector of transmission, 
but also through sexual contact, 
breastfeeding, and blood transfu-
sions (Huy et al., 2019). 

Dengue fever is mainly 
found in the Americas, Southeast 
Asia, and Western Pacific regions 
with an estimated 3.9 billion 
people at risk of infection (World 
Health Organization, 2023). Den-
gue can lead to “fever, nausea, 
vomiting, skin rash … and in 
severe cases, shock and death” 
(Lun et al, 2022). Regions with 
the highest disease prevalence 
also tend to be underserved areas 
due to less established industrial 
sanitation systems, leading to 
more standing bodies of water 
where mosquitoes breed. In 
addition, decreased healthcare 
infrastructure leads to increased 
spread and long term conse-
quences from the illness because 
there are not enough healthcare 

personnel or technologies to as-
sist patients to make a full recov-
ery. This leads to an additional 
burden on the healthcare system 
and more disease transmission. 
Thus, the increase in arboviral 
spread has disproportionate ef-
fects on underserved populations 
(World Health Organization, 
2023).

Mechanism of the Wolbachia 
Method

Scientists introduced the 
Wolbachia Method in the early 
2010s in an effort to examine 
whether this tiny bacteria could 
potentially be the sustainable 
weapon to fight the infectious 
disease surges caused by tem-
perature fluctuations. Wolbachia 
was originally discovered in re-
productive tissues of Wolbachia 
pipientis mosquitoes, and later 
found to lead to numerous infec-
tions via cytoplasmic incompat-
ibility (Guruprasad et al., 2014). 
The cytoplasmic incompatibil-
ity can best be explained as a 
process where the “Wolbachia 
infection renders males sterile 
when they mate with uninfected 
females, but not infected females 
[rescue mating]” (Chen et al., 
2020). Specifically within Aedes 
Aegypti mosquitoes that spread 
dengue and chikungunya virus-
es, their replication is inhibited 
with the Wolbachia bacteria.  The 
Wolbachia strain wMelpop has 
been shown to delay mortality 
of Drosophila melanogaster flies 
by protecting against RNA strain 
viruses. Introducing Wolbachia 
walbB strain into Ae. aegypti 
vector reduces proliferation of 
the dengue virus by altering the 

The Wolbachia Method: An environmentally sus-
tainable way to reduce disease transmission

Staff Writer
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“extrinsic incubation period of 
dengue virus” (Guruprasad et al., 
2014).

The World Mosquito Pro-
gram, a not-for-profit group of 
companies owned by Monash 
University, currently runs one 
of the largest programs specif-
ically for deploying Wolbachia 
infected mosquitoes into the 
field worldwide. Currently, the 
World Mosquito Program has 
deployed Wolbachia in Oceania 
(New Caledo-
nia [Mont-Dore 
and Dumbéa]), 
Americas (Brazil 
[Petrolina and 
Campo Grande], 
Colombia [Abur-
rá Valley]), and Asia (Vietnam 
[Thu Dau Mot and My Tho], 
Indonesia [Yogyakarta], Laos 
[Vientiane]), and is currently re-
ceiving government approval for 
many more deployments world-
wide (World Mosquito Program, 
2023).

Feasibility and Effectiveness
The idea of introducing an 

unfamiliar bacteria into a spe-

cies where it does not already 
inhabit led to much controversy 
when the Wolbachia Method 
was first introduced. However, 
after reviewing field data demon-
strating immense effectiveness 
of the method, many of these 
doubts were halted. According 
to the program, in 2022 they 
reached the milestone of protect-
ing 10 million people living in 
12 countries where the Wolba-
chia Method was implemented. 

In other cities 
where the tech-
nology has been 
deployed such 
as Bello, Me-
dellín and Itagüí, 
dengue incidence 

has declined 94-97% compared 
to the pre-release period (World 
Mosquito Program, 2023).

As evidence of the effective-
ness of the method, in Yogyakar-
ta, Indonesia, there was a parallel 
non-blinded cluster randomized 
control trial, where 12/24 clus-
ters in Yogyakarta , Indonesia 
were randomly chosen to receive 
Wolbachia deployments, with all 
other dengue prevention strate-

gies remaining constant. After 
the release of the Wolbachia 
infected mosquitoes, the overall 
number of mosquitoes captured 
had increased due to reproduc-
tive hindrance from cytoplasmic 
incompatibility (Anders et al., 
2018). In Figure 1, the bars rep-
resent the amount of mosquitoes 
captured using the BG-sentinel 
trap. After adjusting for the wet/
dry season, there was an aver-
age of 4 traps/km2 for treated 
Wolbachia clusters and 5 traps/
km2 for untreated clusters during 
pre-release. Compared to post-re-
lease, there was an average of 
16 traps/km2 and 15 traps/km2 
respectively. This demonstrates 
that Wolbachia treated mosqui-
toes are easier to capture and 
therefore control the population 
due to reproductive hindrance. In 
turn, there was a 77% reduction 
in dengue incidence and an 86% 
reduction in dengue hospital-
izations in Wolbachia infected 
areas compared to those without 
treatment. 

Alternative solutions
Other alternative solutions to 

the Wolbachia Method include 
insecticide spraying, Sterile 
Insect Technique (SIT), vaccina-
tion, and more. However, these 
potential solutions are neither 
self sustaining, nor completely 
effective. For instance, insecti-
cide spraying must be done con-
sistently, damages the environ-
ment and may have limited effect 
on Aedes aegypti mosquitoes due 
to immunity. In addition, SIT 
is a technique where irradiation 
(gamma rays & X-rays) are used 
to sterilize male mosquitoes so 
they cannot reproduce. There 
needs to be more research done 

Figure 1: Number of Ae. aegypti trap catches pre-release, during release, and post-release. The 
bars represent the amount of mosquitoes captured using the BG-sentinel trap. (Tantowijoyo et 
al., 2022).

There was a 77% reduc-
tion in dengue incidence 
in Wolbachia infected 
areas compared to those 
without treatment.
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to confirm whether it is effective, 
as it is not very cost-effective 
and requires a large number of 
male mosquitoes to be captured 
and later sterilized. This pro-
cess must also be continually 
done. Lastly, vaccination is a 
solution that should be used in 
combination with these other 
methods. The main challenge 
for vaccines for mosquito-borne 
viruses is that many of them have 
serotypes that often cannot be 
covered completely by one vac-
cine. For instance, dengue fever 
has four different serotypes and 
chikungunya has three different 
strains (European Centre for 
Disease Prevention and Control, 
2023). Viruses such as dengue 
have extremely fast mutation 
rates, leading to a multitude of 
variants, leading to an almost 
impossibility to have a vaccine 
that completely covers these 
bases. Vaccines also tend to be 
extremely costly and underserved 
communities often are the last 
to receive these vital supplies. 
Therefore, taking a preventative 
approach in combination with a 
proactive approach is often rec-
ommended by epidemiologists. 
These potential solutions and 
factors to consider are summa-
rized in Figure 2.

Figure 2: Analysis of sustainability, effectiveness, scalability, affordability, and current use 
of proactive methods affecting mosquitoes spreading infectious disease. Adapted from World 
Mosquito Program chart (World Mosquito Program, 2023).

Despite these major advanc-
es in science with the Wolbachia 
self-sustaining bacteria, there are 
some limitations.  Scientists have 
brought up the concern about 
Wolbachia resistant mosquitoes. 
ThewMel and wAlbB strains of 
Wolbachia only provide partial 
protection against severe dengue 
or other viruses. For instance, 
after feeding Wolbachia treated 
mosquitoes blood from affected 
patients, infection was detected 
in the abdomen (53-61%) and 
saliva (6-12%) (Edenborough et 
al., 2021). These statistics were 
determined to be relatively high 
compared to what the World 
Mosquito Program claims is 
“self sustaining”. In addition, the 
Wolbachia method is of unequal 
nature as it mainly protects 
against dengue serotypes 2,3,4 
and less for DENV-1 (Edenbor-
ough et al., 2021). Another con-
cern is the large cost of infecting 
mosquitoes with the Wolbachia 
bacteria, but this argument has 
often been shut down because 
of the self-sustaining  aspect of 
the method. In fact, Wolbachia 
has been found to be sustained 
in a community for decades due 
to the limited changes in wMel 
strain and mitochondrial ge-
nomes in Ae. aegypti (Ross et al., 
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Conclusion
Overall, the Wolbachia 

method is a novel way to sus-
tainably reduce mosquito-borne 
viral transmission worldwide. 
There are numerous advantages 
and evidence of its effectiveness 
through field trials, although 
there are drawbacks that need to 
be addressed. In the context of 
the other biotechnological meth-
ods to reduce viral transmission, 
it is crucial to continue investi-
gating the other solutions such as 
SIT to see potential combination 
solutions. For instance, Wolba-
chia could be used in combina-
tion with vaccination programs 
or insecticides. Ultimately, more 
research must be conducted on 
this topic and it will require 
the collaboration of numerous 
stakeholders worldwide such as 
governments, scientists, and local 
health leaders to raise awareness 
about mosquito-borne infectious 
diseases. ❧
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  T    oday, modern 
medicine seems to 

be constantly improving and 
expanding. and disease screening 
rates relative to other countries 
(Gunja et. al, 2023). However, in 
many respects the modern Amer-
ican healthcare system is also 
costly and flawed. Studies have 
shown that the U.S. ranks last 
compared to other high income 
countries in healthcare access 
and quality, while ranking at the 
top for per capita expenditures 
(Rice et. al, 2013). Additional-
ly, the United States is the only 
high-income country that does 
not  provide universal healthcare 
coverage for citizens, which can 
create challenges for low-income 
and uninsured individuals. Com-
plex insurance policies can create 
an overwhelming landscape for 
patients to navigate. For some 
doctors, the best solution to the 
difficulties 
imposed by 
the healthcare 
system comes 
in the form of 
direct primary 
care (DPC), 
where pay-
ment for health 
insurance is established directly 
between doctors and patients 
without insurance company in-
volvement. Though DPC shows 
promise in promoting physi-
cian-patient relationships and up-

EMILY BUSH

holding the rights of the patient, 
whether it is a feasible solution 
to the challenges posed by the 
healthcare system must be more 
deeply investigated. In consider-
ing a doctor’s ethical obligations 
to their patients as well as the 
complex landscape of Ameri-
can healthcare, it can be argued 
that DPC provides a promising 
solution; however, DPC also has 
community context-dependent 
limitations that must be under-
stood and addressed to achieve 
its full potential. 

The physician has a direct 
duty to care for their patients 
and makes a commitment to 

beneficence 
and non-ma-
leficence in 
their career. 
Implicit with-
in this com-
mitment is an 
ethical duty to 
act in the best 

interests of the patient, which in-
cludes ensuring a patient receives 
the care they need. A crucial 
component is patient advoca-
cy, which the Patient Advocate 
Certification Board defines as 

“a professional who provides 
services to patients and those 
supporting them who are navi-
gating the complex healthcare 
continuum” (What is a patient 
advocate?, n.d.). However, in 
many contexts, patient advocacy 
is limited beyond the exam room, 
and both resources and time are 
limited for physicians in our 
healthcare system. Furthermore, 
it can be argued that doctors 
have a social responsibility to 
look after their patients in ways 
beyond treatment, promoting 
awareness of determinants of a 
patient’s health, and advocating 
for their well-being beyond the 
exam room. 

The WashU Institute for Pub-
lic Health asserts that “to be a 
physician means [to come] from 
a somewhat privileged space,” 
and therefore it becomes possible 
for physicians to “leverage their 
influence” beyond the tradition-
al scope of patient treatment 
to address other circumstances 
impacting an individual’s health 
as well as their larger commu-
nity (Luft 2017). Dr. Leanne 
Luft of the University of British 
Columbia adapts the definition 

Figure 1. A comprehensive study of 116 DPCs estimated average monthly prices based on aver-
age highs and lows of monthly fees, visit fees, and enrollment fees. (Eskew and Klink, 2015) 

Direct primary care: A solution to the  
complexity of American healthcare?

Staff Writer

Though less individualized, 
community-based advocacy 
programs have the power to 
impact the community on a 
larger scale than the doc-
tor-patient relationship alone.
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of patient advocacy to encom-
pass “action by a physician to 
promote those social, economic, 
educational, and political chang-
es that ameliorate the suffering 
and threats to human health and 
well-being that he or she iden-
tifies through his or her profes-
sional work and expertise” (Luft 
2017). She outlines the impor-
tance of self-aware physicians 
who take time to consider how 
a patient’s social circumstances 
may impact their experiences and 
challenges in seeking healthcare. 

Patient advocacy is divided 
into two planes, the first being in-
dividual patient advocacy, which 
operates at the patient-physi-
cian level and encompasses the 
physician addressing a patient’s 
immediate medical and social 
health needs. Community-based 
advocacy is the other essential 
component to improving the 
healthcare sys-
tem. Though 
less individu-
alized, com-
munity-based 
advocacy 
programs have 
the power to impact the commu-
nity on a larger scale than the 
doctor-patient relationship alone. 
Establishment of DPCs involves 
patient advocacy on the commu-
nity level by providing treatment 
with the aim to increase physi-
cian-patient interaction, acces-
sibility, affordability, and care 

quality.
An approach centered around 

patient advocacy makes for bet-
ter-informed and better quality 
physicians. However, American 
physicians and patients must 
also coexist in an increasingly 
complex healthcare landscape 
that complicates the goal of 
patient advocacy. The third-party 
payment system often “insulates” 
both patients and physicians from 
the staggering realities of health-
care costs. Insurance companies 
often restructure payments such 
that extremely costly tests end 
up yielding the same copay, or 
cost to the patient, as inexpensive 
tests (Engineering a Learning 
Healthcare System, 2011). Dr. 
Rita Redberg of the University of 
San Francisco states that “when 
… asked about the prices of the 
tests [physicians] order …, [they] 
rarely know what the tests cost. 

In an academic 
medical center, 
the costs of testing 
and new technol-
ogy are invisible 
because doctors 
are removed from 

the payment system and insu-
lated from the cost of health-
care” (Engineering a Learning 
Healthcare System, 2011). This 
becomes an even greater issue 
when considering the imple-
mentation of new technologies 
and medications in the hospital 
system. Although many are 

considered of better quality and 
accuracy than older technology, 
they also carry a higher price tag 
that drives up costs for patients. 

Thus, doctors and patients 
alike are impacted in great mea-
sure by the influence of insur-
ance policies on the healthcare 
system. A possible solution to 
this challenge is direct primary 
care. Primary care physicians 
charge patients a periodic fee 
to cover the expenses of pro-
viding care, and any additional 
fees for visits do not exceed the 
value of the periodic fee (Eskew 
and Klink, 2015). The typical 
third-party role that insurance 
companies play in the healthcare 
landscape is eliminated, and the 
result is more affordable primary 
care for the patient with reduced 
paperwork and increased time for 
physicians to spend engaging in 
direct patient care. Other ben-
efits of the DPC model include 
increased access to required care 
and increased time spent between 
physician and patient, leading to 
higher quality care, and reduced 
overhead and administrative 
costs. One study of 141 DPC 
practices nationwide found that 
the vast majority (82%) have 
cost information readily avail-
able online, making transparency 
and commitment to affordability 
a much clearer goal than prof-
it-driven incentives of insurance 
companies (Wu, 2010). These 
qualities of DPC practice strong-
ly support the goal of patient 
advocacy and work to reduce the 
challenges patients face.

However, DPC practices 
often correlate with reduced 
patient loads. One study found 
that the typical 2500 patient load 
was downsized to a few hundred 

Thus, doctors and patients 
alike are impacted in great 
measure by the influence of 
insurance policies on the 
healthcare system.

Figure 2. The majority of healthcare spending in the U.S. is directed towards hospital care, 
while primary care is one of the lowest portions. (Jabbarpour et. al, 2019)
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in the DPC model, thus reduc-
ing accessibility to healthcare 
(Doherty 2015). However, this 
seems much more to be a fea-
ture of a relatively new model 
rather than a permanent fixture 
in DPC organization, especially 
as proven by the emergence of 
multisite DPCs in the past two 
decades. Corporate entities like 
Iora Health and paladina Health 
have overall patient panels of 
tens of thousands (Wu, 2010). As 
the DPC practice model contin-
ues to grow and garner attention, 
it can be expected that these 
numbers will increase as more 
sites become established and new 
corporations are founded with 
similar goals to expand the DPC 
model to a wider population. 

Growth of the DPC model 
also has the potential to produce 
a greater emphasis on primary 
care infrastructure in the Amer-
ican healthcare system. Ameri-
can physicians like Dr. Barbara 
Starfield have 
argued that 
creating a more 
robust primary 
care infrastruc-
ture can create 
more equitable 
health outcomes among Amer-
ican citizens (Fleming, 2011). 
By creating more opportunities 
for Americans to receive prima-
ry care, such as screenings and 
checkup visits, the costs incurred 
upon citizens and the healthcare 
system by preventable diseases, 
including diabetes, heart disease, 
or stroke, can be greatly reduced. 
Support for such a line of reason-
ing is also evidenced by Europe-
an countries like the Netherlands, 
UK, and Germany, all of which 
have made strengthening of 

primary care a core policy goal. 
Potential benefits of a strong 
primary care foundation include 
a longitudinal physician-patient 
relationship, lower barriers to 
access, and ability to coordinate 
care across a more comprehen-
sive range of services. One study 
published in Family Practice 
found that longitudinal primary 
care significantly reduced hos-
pitalizations due to preventable 
conditions (van Loenen et. al, 
2014). Considering the evidence 
in favor of strengthened primary 
care systems, the establishment 
of DPCs provides a potential for 
improved patient outcomes. 

There is also the concern 
that DPCs are exclusionary to 
patients who cannot afford to 
pay out of pocket in full, despite 
reduced fees. While accessibility 
is certainly an area that must be 
improved upon with the DPC 
model, its structure alone does 
not preclude lower-income pa-

tients from taking 
part. One of the 
greatest challenges 
posed to low-in-
come patients is 
the buildup of costs 
that accompany a 

lack of quality primary care and 
consequent expensive treatments 
for otherwise treatable condi-
tions. In 2019, the two largest 
contributors to healthcare costs 
in the U.S. were hospital care, at 
38% of total expenditures, and 
prescription drugs, comprising 
20% of spending (Jabbarpour, 
2019). Primary care comprised 
5-7% of total spending. When 
considering the benefits resulting 
from emphasized primary care, 
it is reasonable to consider that 
allocating a greater proportion 

of resources towards primary 
care could reduce the high costs 
incurred by hospitalizations, 
expensive surgeries, and pharma-
ceutical treatments. Furthermore, 
while some DPC fees certainly 
create a cost barrier considering 
the expectation to pay in full, 
many new practices are emerg-
ing with the primary intent to 
improve accessibility to the 
model. Access Healthcare Direct, 
a DPC practice now with over 
800 clinic locations, is providing 
primary care coverage through 
subscription fees and doctor’s 
visits with highly reduced rates, 
as low as $25 per month and $5 
to see a physician in 2015 (Huff, 
2015). With models such as these 
emerging, there is great potential 
for DPC to extend to populations 
who need affordable coverage 
most. 

The DPC model is nowhere 
near perfect yet. Only a small 
proportion of primary care 
practices follow this model, and 
though it has been suggested to 
reduce rates of physician burn-
out, the healthcare field has yet 
to develop an expanded model 
that is compatible with the rest 
of the existing system. Health-
care coverage beyond primary 
care, for instance, often still must 
fall under insurance coverage, 
and thus can leave the patient 
at higher risk for other out-of-
pocket charges (Doherty, 2015). 
However, models of DPC that 
support high patient panels and 
lowered costs of care directly 
uphold the commitments doctors 
make to accessible, quality care 
that deepens the physician-pa-
tient relationship and supports 
the patient’s right to viably 
receive primary and preventive 

One study... found that 
longitudinal primary care 
significantly reduced hos-
pitalizations due to pre-
ventable conditions.
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uphold the commitments doctors 
make to accessible, quality care 
that deepens the physician-pa-
tient relationship and supports 
the patient’s right to viably 
receive primary and preventive 
healthcare. The landscape of the 
current healthcare system is vast 
and complex, but with directed 
efforts on the part of the physi-
cian to consider how they can 
best support and advocate for 
their patients in their practice, 
American healthcare can be 
headed in a better direction. ❧ 
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Mechanotransduction, 
the process by which 

cells translate mechanical stimuli 
into chemical signals, is pivotal 
to the body’s ability to detect 
somatic sensations such as 
touch and pain and its ability to 
maintain homeostasis in tissues 
exposed to mechanical stress. 
The Piezo family, a group of 
mechanically sensitive calcium 
ion channels discovered in 2010, 
is known to be one of the most 
prominent players in mechano-
transduction. Despite the recency 
of their discovery, Piezo1 and 
Piezo2 already have a vast array 
of known functions in a wide va-
riety of tissues and contexts. For 
one, Piezo channels are predomi-
nantly expressed in the respirato-
ry tract, and Piezo1 
is known to play a 
significant role in 
regulating mechan-
ical stress in alve-
oli, tiny sacs in the 
lungs in which gas 
exchange occurs. 
As such, this review 
seeks to understand 
the function of Piezo 
channels, especially Piezo1, in 
mechanical cellular signaling 
within the context of alveolar 
physiology.

Coste et al. discuss their 
identification of a family of 

GRACE WARD

mechanosensitive cation chan-
nels known as the Fam38, or 
Piezo, channels (Coste et al., 
2010). The family, named after 
the Greek word “pίesh” (pres-
sure), consists of Piezo1, which 
is implicated in a wide variety of 
cellular functions, and Piezo2, 
which is largely involved in 

somatosensation 
(touch/pain sensa-
tion and interocep-
tion). In mice, both 
Piezo1 and Piezo2 
constitutive knock-
outs result in early 
death (embryonic 
or natal, respective-
ly), demonstrating 
their necessity for 

normal physiological function 
(Volkers et al., 2015). Mechani-
cally, the channels are activated 
via lateral membrane tension. 
That is, conformational change in 
the plasma membrane surround-

ing the channel (for instance, 
the ‘flattening’ of the membrane 
that might occur when the cell 
is stretched) causes the channel 
to open, allowing for the flow of 
Ca2+ ions (Lin et al., 2019). 

Our understanding of Piezo2, 
which is principally expressed in 
dorsal root ganglia (DRG) and 
pulmonary neuroepithelial cells 
(Figure 1), is relatively focused 
on its primary role in touch and 
pain sensation (Nonomura et 
al., 2017; Volkers et al., 2015). 
However, studies on Piezo1 
have uncovered a diverse array 
of functions and downstream 
targets, including endothelial 
stability, bladder volume regu-
lation, and red blood cell mor-
phology. As such, it is generally 
understood that Piezo1 functions 
in the cellular response of stretch 
and shear stress (the force asso-
ciated with imposed stress that 
is parallel to the cell surface), 

Figure 1. Relative mRNA expression of Piezo 1 and Piezo 2 in various murine tissue types demon-
strrates a high level of expression of both channels in lung tissue. (Coste et al., 2010)

Machine to molecule: Piezo signaling in 
alveolar physiology

Staff Writer

Piezo1 functions in 
the cellular repsonse 
of stretch and shear 
stress (the force asso-
ciated with imposed 
stress that is parallel 
to the cell surface) 
(Lai et al., 2022).
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but scientists have yet to fully 
uncover the extent of its role in 
various organs and tissues (Lai et 
al., 2022).

Coste et al. further found 
that lung tissue has the highest 
relative mRNA expression (raw 
mRNA expression normalized 
by the expression level of a gene 
that is always expressed, like 
GAPDH) of both members of the 
Piezo fam-
ily, indicat-
ing that the 
channels may 
be important 
players in lung 
physiology 
(Figure 1). 
The primary 
function of 
the lungs is gas exchange, which, 
at the macroscopic level, occurs 
via cyclical filling and emptying 
of air in the lungs. On a smaller 
scale, gas crosses the blood-gas 
barrier by traveling through 
alveolar epithelial and endothe-
lial cells, which line the alveolar 
space and surrounding blood ves-
sels, respectively (Novak et al., 
2021). Upon investigating Piezo 
expression in various pulmonary 

cell types, Nonomura et al. found 
that Piezo2 is almost exclusively 
expressed in pulmonary neu-
roepithelial cells, suggesting a 
role in neuronal stretch signaling 
and further confirming Piezo2’s 
identity as a sensory/neuronal 
signaling factor (Nonomura et 
al., 2017). On the other hand, 
Liang et al. (2019), among other 
groups, detected that Piezo1 is 

primarily expressed 
in the alveolar 
epithelium, and 
Zhong et al. (2018) 
indicate Piezo1 ex-
pression in alveolar 
endothelial cells.

Alveoli are 
surrounded by two 
types of epithelial 

cells. Type I alveolar cells (ATIs) 
are squamous cells that partial-
ly make up the barrier through 
which gas exchange occurs. 
Type II alveolar cells (ATIIs) 
release surfactant (a lubricant 
that relieves surface tension) and 
regenerate ATIs. Surrounding the 
epithelium is the parenchyma/
interstitium, mainly made up of 
extracellular matrix (ECM) and 
other connective tissues (Novak 

et al., 2021). The ECM helps 
maintain alveolar architecture 
during inhalation and exhala-
tion while also exerting further 
mechanical input on surrounding 
cells (Deng et al., 2020). Beyond 
the pulmonary interstitium are 
endothelial cells, through which 
gas exchange with the blood-
stream occurs. Like epithelial 
cells, endothelial cells are subject 
to mechanical stressors from 
changes in alveolar volume, such 
as stretch and shear force (Novak 
et al., 2021). In fact, the surface 
area of the alveolar endothelium 
and epithelium increases by 25% 
during normal breathing, ac-
counting for the cyclical stretch 
of these cells (Zhong et al., 
2018).

These results indicate that 
much of the structure (and ac-
cordingly the function) of alveoli 
and their surrounding architec-
ture is heavily informed by a 
host of mechanical and physical 
inputs. These environmental 
demands of cells and tissues in 
the lungs are particularly unique 
due to the constant mechanical 
stress exerted on epithelial and 
endothelial cells by fluctuating 
alveolar volume during breathing 
(Figure 2). As such, alveolar cells 
must be equipped to respond to 
this constant homeostatic stress 
accordingly. Among other mech-
anisms, Piezo channels play an 
important role in regulating this 
stress.

Piezo2 channels expressed in 
the airway play an essential role 
in the Hering–Breuer mechanore-
flex by sensing lung overinfla-
tion and regulating tidal volume 
(the amount of air that normally 
leaves/enters the lungs) (Non-
omura et al., 2017). However, the 

Figure 2. Alveolar epithelial (green) and pulmonary endothelial (red) cellls experience mechan-
ical stress in the form of stretch during inhalation (high tidal volume). (Zhong et al., 2018)

The surface area of the al-
veolar endothelium and ep-
ithelium increases by 25% 
during normal breathing, 
accounting for the cycli-
cal stretch of these cells 
(Zhong et al., 2018).
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expression of Piezo1 in various 
alveolar cell types possibly 
indicates further Piezo-mediated 
regulation of inspiratory stress. 
First, an in vitro study demon-
strates a functional relationship 
between ATI Piezo1 expression 
and surfactant production, which 
is visually represented in Figure 
3. ATI plasma membranes are 
characterized by a type of invag-
ination called caveolae, which 
are implicated in mechanosensa-
tion. The study finds that Piezo1 
tends to colocalize in the plasma 
membrane with 
caveolin-1, the 
protein respon-
sible for cave-
olae formation. 
Scientists sug-
gest that these 
caveolae may 
flatten when the 
cell undergoes 
mechanical ten-
sion to expand membrane surface 
area. This conformational change 
could account for the lateral ten-
sion that activates caveolae-lo-
calized Piezo1 channels. The 
study elucidates that stretch-in-
duced Ca2+ influx via Piezo1 
triggers a signaling cascade that 
ultimately leads to the produc-
tion and release of adenosine 
triphosphate (ATP) from ATIs. 

Figure 3. Mechanism of Piezo1-associated purinergic signaling and surfactant production and 
localization of Piezo1 in caveolae, as proposed by (Diem et al., 2020).

This purinergic signal ultimately 
results in the release of surfac-
tant from ATIIs (Diem et al., 
2020). Since surfactant decreas-
es surface tension and reduces 
stress on pulmonary epithelial 
cells, this finding demonstrates a 
central role of Piezo1 signaling 
in maintaining healthy alveolar 
integrity.

Further studies suggest 
Piezo1 involvement in epithelial 
proliferation and barrier integri-
ty. Epithelial cells, such as ATIs 
and ATIIs, are turned over or 

regenerated 
at incredibly 
high rates. 
However, due 
to their func-
tion as barri-
ers, epithelial 
cells undergo a 
process called 
extrusion 
when they die, 

which coordinates cell divi-
sion with cell death in order to 
preserve the epithelial barrier. 
In kidney epithelium, Piezo1 
activation was shown to be 
associated both with extrusion 
during epithelial crowding as 
well as stretch-induced prolif-
eration (Gudipaty et al., 2017). 
Piezo1-mediated extrusion is 
also demonstrated in colon 

These environmental de-
mands of cells and tissues 
in the lungs are particularly 
unique due to the constant 
mechanical stress exerted 
on epithelial and endoehtlial 
cells by fluctuaing alveolar 
volume during breathing 

epithelium and epidermis (Eisen-
hoffer et al., 2012). It is posited 
that these opposing functions of 
Piezo1 depend on the nature and 
location of channel activation. 
While this phenomenon has not 
been examined specifically in 
alveolar epithelium, Piezo1 is 
heavily expressed in lung tissue, 
which is approximately 99% 
ATIs and ATIIs (Crandall & 
Matthay, 2001). It is likely that 
Piezo1 plays a similar homeo-
static role in alveoli. Along these 
lines, Piezo1 activation has been 
connected with shedding of 
junction molecules and growth 
factors, which may be associated 
with similar effects on division/
extrusion to those observed in 
other epithelia (Grannemann et 
al., 2023).

Within the context of alveo-
lar endothelial cells, Piezo1 plays 
a significant role in barrier main-
tenance and permeability. Much 
like its seemingly contradictory 
role in epithelial homeostasis, 
scientists have demonstrated 
that Piezo1 activation promotes 
barrier stability in response to 
stress as well as endothelial hy-
perpermeability (Friedrich et al., 
2019). Seemingly, the pathway 
that Piezo1 activates “can be 
explained by the direction and 
magnitude of mechanical forc-
es experienced by [endothelial 
cells]”, similar to the case with 
epithelial proliferation (Zhong et 
al., 2020). In more general terms, 
endothelial Piezo1 is also known 
to be involved in vascular relax-
ation and blood pressure regula-
tion (Zhong et al., 2018).

Piezo1 is implicated in a va-
riety of pathologies of the lung, 
most prominently cancer and 
pulmonary fibrosis. As might be 
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predicted by its role in epithe-
lial proliferation, the channel is 
an oncosuppressor in small cell 
lung cancer and non-small cell 
lung cancer, as decreased ex-
pression of Piezo1 is connected 
with decreased cell adhesion and 
metastatic activity. Not only were 
depleted levels of Piezo1 mRNA 
observed in lung tumor cells, 
Piezo1 knockdown induced in 
vitro migration and in vivo tumor 
growth (Huang et al., 2019; 
McHugh et al., 2012). 

Piezo1 is also known to play 
a role in pulmonary fibrosis, es-
pecially acute respiratory distress 
syndrome (ARDS)-associated fi-
brosis, which arises as a result of 
excessive alveolar stress during 
mechanical ventilation treat-
ments. Specifically, the release 
of ATP from ATIs downstream 
of Piezo1 activation (Figure 3) 
mediates an increase in epithe-
lial-mesenchymal transition, a 
process in which epithelial cells 
lose adhesion and are (in this 
case) converted into myofibro-
blasts. This results in an increase 
in fibroblastic activity and ECM 
stiffness (Fang et al., 2022). 
Here, pulmonary fibrosis inhibits 
the mechanical functionality of 
the lungs, and it is a significant 
chronic health concern in relation 
to a variety of environmental 
factors and respiratory diseases 
besides ARDS. The association 
of Piezo1 with these various 
pulmonary diseases makes it a 
significant potential target for 
novel treatment methods. It is 
important to continue research on 
Piezo1 in pulmonary cell types 
so that we can better our under-
standing of its role in conditions 
like cancer and fibrosis and 
expose other Piezo1-associated 

etiologies.
Only five years ago, Zhong 

et al. (2018) speculated the role 
of Piezo channels in lung infla-
tion responses. Though it was 
known that the channels were 
widely expressed in lung tissues, 
their physiological role was 
largely unexplored. Since then, 
the scientific community has ac-
cumulated a great deal of infor-
mation regarding Piezo channels 
in the lungs, especially in alveoli. 
However, the findings detailed 
in this review only scratch the 
surface of Piezo1’s vast array of 
functions in the mechanically 
demanding alveolar environ-
ment, and we have much yet to 
discover. As we continue to dis-
cover more about the extensive 
role of the Piezo family in lung 
physiology and other contexts, it 
becomes increasingly clear just 
how integral these channels are 
to the body’s interaction with the 
physical and mechanical world 
around—and within—it. ❧
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Diabetes and obesity are 
some of the most prev-

alent chronic medical conditions 
in the United States and signifi-
cantly increase individuals’ risk 
for developing cardiovascular 
disease and mortality (CDC, 
2022 & 2023). Expanding the ar-
ray of treatment options for these 
diseases is imperative, given the 
diseases’ severity. Ozempic and 
Wegovy are two new prescrip-
tion drugs developed by Novo 
Nordisk to treat type 2 diabetes 
and chronic weight management, 
respectively (FDA, 2023). They 
both contain the active drug, 
semaglutide, which is a member 
of the drug class, glucagon-like 
peptide-1 (GLP-1) receptor 
agonists. The binding of sema-
glutide to the GLP-1 receptor 
causes downstream effects that 
are useful for treating diabetes 
and weight reduction. Although 
Ozempic and Wegovy contain 
the same active drug, they differ 
in dosing and the conditions that 
they are approved to treat (FDA, 
2023). With supply shortages in 
the past year, there has been an 
uptick in off-label prescriptions 
of Ozempic for weight loss. 
Moreover, the promotion of these 
medications by online influenc-
ers for weight loss has led to the 
spread of misinformation about 
the drug (Blum, 2023). This 
article will begin by exploring 
the current landscape of type 2 
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diabetes treatments. It will then 
discuss how semaglutide works 
in the body, followed by a com-
parison of Ozempic and Wegovy. 
Finally, this article will address 
major misconceptions about 
these medications and how they 
are used.

Type 2 diabetes is a disease 
affecting the body’s regulation of 
glucose metabolism via the pep-
tide hormones, insulin and gluca-
gon. Typically, 
patients with 
type 2 diabetes 
have some de-
gree of insulin 
resistance and 
produce insuf-
ficient insulin 
which when 
combined, 
leads to elevated blood glucose 
levels since insulin signals cells 
to transport glucose into the 
cells from the blood (Kahn et al., 
2014). When cells are not sen-
sitive to insulin, glucose cannot 
be transported into them from 
the bloodstream which when 
severe enough, can cause signif-
icant physiological harm. Prior 
to the development of semaglu-
tide and other GLP-1 receptor 

agonists, the landscape of type 
2 diabetes treatments included 
lifestyle modifications, insulin, 
metformin, thiazolidinediones 
(TZDs), and sulfonylureas, 
among others. These treatments 
are often used in conjunction 
with each other and they are not 
all effective for every patient, 
especially since diabetes can 
present differently depending 
on the individual (Kahn et al., 

2014). Met-
formin works 
to decrease 
the liver’s 
glucose 
production 
and increase 
insulin sensi-
tivity, TZDs 
“[increase] 

insulin-stimulated glucose uptake 
by skeletal muscle cells,” and 
sulfonylureas magnify insulin 
secretion by pancreatic beta cells 
(Inzucchi, 2002). These different 
medication classes have differ-
ent mechanisms of action which 
allows healthcare providers to 
combine these treatments with 
dietary changes and exercise 
to help patients with diabetes 
manage their blood glucose 

Figure 1: Binding of the ligand to the GLP-1 receptor activates adenylyl cyclase, producing 
cyclic AMP that ultimately promotes the secretion of insulin from pancreatic beta cells. (Holst, 
2007)
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levels. Having more therapeutic 
tools allows clinicians to fine-
tune treatments to each patient’s 
individual needs. The discovery 
of GLP-1 receptor agonists has 
further expanded the landscape 
of diabetes treatments.

GLP-1 receptor agonists are 
a new class of type 2 diabetes 
medications that were approved 
in 2005 and are another tool for 
clinicians to use along with the 
existing treatments mentioned 
earlier (Nauck et al., 2021). 
GLP-1 receptor agonists mimic 
GLP-1 which is a peptide that 
our body secretes when we con-
sume food to help manage blood 
sugar levels by promoting insulin 
release (Holst, 2007). This effect 
is relevant as a therapeutic tool 
for managing type 2 diabetes 
since patients with the condition 
often cannot produce sufficient 
amounts of insulin, leading to 
elevated blood glucose levels.

Notably, “GLP-1 receptor 
agonists reduce hyperglycemia 
by increasing insulin and de-
creasing glucagon secretion in 
a glucose-dependent manner” 
(Davies et al., 2017). Glucagon 
is the hormone that is responsi-
ble for increasing blood glucose 
levels by stimulating the liver to 
produce glucose from glycogen. 
By regulating glucagon dynami-
cally, GLP-1 ago-
nists can decrease 
blood glucose 
levels with a lower 
risk of hypoglyce-
mia than sulfony-
lureas (Zhao et al., 
2022). In addition, 
“GLP-1 receptor agonists also 
provide significant weight loss 
by reducing appetite” (Davies et 
al., 2017). This is in comparison 

to medications like TZDs and 
sulfonylureas which are known 
to cause weight gain (Inzucchi, 
2002). The weight-loss potential 
of semaglutide is particularly 
attractive for many patients 
since obesity and diabetes are 
closely related (Bhupathiraju and 
Hu, 2016). The mechanism for 
GLP-1 receptor agonists’ appe-
tite suppression has to do with 
their “uptake into specific brain 
regions and interaction with CNS 
neural circuits involved in the 
homeostatic or hedonic regu-
lation of energy household and 
food intake” (Nauck et al., 2021).

Another study found that 
“Weight loss with semaglutide 
was accompanied by greater 

improvements than 
placebo with respect 
to cardiometabolic 
risk factors” and 
“that semaglutide 
led to [a] greater 
reduction in fat mass 
than lean body mass” 

(Wilding et al., 2021). There is 
also evidence that GLP-1 recep-
tor agonists are “anti-inflamma-
tory and anti-atherosclerotic,” 

meaning that they could reduce 
plaque buildup in arteries (Nauck 
et al., 2021). These cardiovas-
cular benefits further underscore 
the pharmacological potential of 
GLP-1 receptor agonists.

It is important to note that 
there are differences between 
drugs in the GLP-1 receptor 
agonists class regarding their 
efficacy and duration of action. 
Notably, semaglutide and dula-
glutide have much longer half-
lives compared to liraglutide, and 
thus, their administration sched-
ules also differ (Nauck et al., 
2021). In the United States, the 
semaglutide medications Ozem-
pic and Wegovy are given as 
once-a-week injections, with up 
to 2.0 mg doses for Ozempic and 
up to 2.4 mg doses for Wegovy 
(Frías et al., 2021; Wilding et 
al., 2021). The dosage difference 
between the two drugs is import-
ant when considering off-label 
use, the use of a medication for a 
purpose that is not indicated.

 Although GLP-1 recep-
tor agonists like semaglutide are 
incredibly promising because 
of their ability to target many 

Figure 2: In this study, the experimental group taking semaglutide appears to have had 
a 16% decrease in body weight compared to a 2% decrease in body weight in the control 
group. (Wilding et al., 2021)

The discovery of GLP-
1 receptor agonists 
has further expanded 
the landscape of 
diabetes treatments.
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components of type 2 diabetes, 
they come with their own side 
effects. For example, one article 
notes that “mild to moderate 
nausea and vomiting” were some 
of the gastrointestinal side effects 
experienced by patients, resulting 
in some patients discontinuing 
their treatment (Singh et al., 
2022). Online discussions of 
Ozempic and Wegovy by celebri-
ties and social media influencers 
often lack this context which can 
create the narrative that these 
medications will be the holy grail 
for individuals with type 2 diabe-
tes and/or obesity. In weight-loss 
discourse, for example, it is often 
overlooked 
that during 
clinical trials 
for Wegovy, 
participants 
were asked 
to perform 
physical 
exercise and 
were advised 
to make dietary changes (Wild-
ing et al., 2021). Thus, lifestyle 
adjustments are an important 
factor for the weight loss ob-
served in studies about semaglu-
tide’s efficacy. Simply taking the 
drug alone without exercise and 
dietary changes may not provide 
the weight loss that is desired. 
When influencers tout the ben-
efits of Ozempic and Wegovy, 
they face the risk of giving their 
audiences false expectations for 
semaglutide, leading individuals 
to seek out these medications 
inappropriately. With a shortage 
of semaglutide-based medica-
tions, this behavior can prevent 
those who rely on this drug from 
accessing it (Blum, 2023). Any 
decision to begin or discontinue 

a treatment plan should be made 
with a physician who can explain 
the drug’s mechanism of action, 
provide realistic expectations, 
and discuss any adverse effects.

The adverse effects and risks 
associated with semaglutide is 
further compounded by the steep 
cost of these treatments. Without 
insurance, taking semaglutide 
medications for a year can cost 
patients over $10,000 (Blum, 
2023). Ensuring that insurance 
companies provide fair and 
adequate access to these medica-
tions for patients that need them 
should be pursued via legislation 
that limits prices. The price of 

Ozempic and 
Wegovy are ex-
tremely import-
ant factors that 
patients need to 
be aware of, es-
pecially given 
that diabetes is 
an already ex-
pensive chronic 

condition that requires multiple 
concurrent treatments.

The development of new 
medications is an exciting pros-
pect, especially for patients who 
are not responding adequately 
to existing treatments. However, 
patients must be informed of the 
nuanced risks and costs associ-
ated with the drug to ensure that 
misconceptions are not spread. 
There is an ever growing need 
for effective online medical 
communication which should 
involve clinicians and healthcare 
governing bodies that can pro-
vide the necessary context about 
novel drugs. GLP-1 agonists like 
semaglutide offer a promising 
new avenue for patients to man-
age type 2 diabetes and obesity, 

When influencers tout the ben-
efits of Ozempic and Wegovy, 

they face the risk of giving 
their audiences false expecta-
tions for semaglutide, leading 
individuals to seek out these 
medications inappropriately.
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conditions that play a large role 
in cardiovascular disease risk. 
With time, these medications will 
hopefully become more accessi-
ble to patients with the condition. 
❧
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An estimated 12.3% of 
existing blindness of the 

world has resulted from glauco-
ma, a term that describes the gen-
eral loss of function of the optic 
nerve. In particular, primary 
angle-closure glaucoma dispro-
portionately affects Asians — 
especially in countries showing 
higher rates of aging populations. 
Glaucoma-induced visual impair-
ments affect peripheral vision 
and are associated with decline in 
physical and social functioning, 
bodily pain, mental health and 
higher rates 
of falls with 
injuries sus-
tained. While 
a number of 
studies have 
already been 
conducted 
on Western 
popula-
tions, there 
is a greater 
need to 
focus glaucoma studies on Asian 
populations in order to improve 
treatment plans and outcomes in 
response to the increasingly high 
prevalence of glaucoma within 
aging Asian populations.

     Glaucoma, a disease 
encompassing irreversible 
damage to optic disc morphol-
ogy, is a leading cause of vi-
sion impairment with 12.3% of 
existing blindness of the world 
resulting from glaucoma (Park, 
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2015). Glaucoma damages the 
optic nerve and retinal nerve 
fiber layer, leading to peripheral 
and central visual field defects, 
as well as elevated intraocular 

pressure (IOP). 
Increased IOP 
is important 
because it 
is the only 
modifiable 
risk factor 
and a crucial 
determinant of 
disease pro-
gression (Wag-
ner, 2022). 
Elevated IOP is 

generally caused by inadequate 
drainage of the aqueous humor, 
the transparent fluid that fills 
the eye, leading to irreversible 
death of retinal and optic nerve 
cells (Wagner, 2022). However, 
even IOP is not fully accurate 
in predicting glaucoma because 
one-third of patients with glauco-
ma have normal IOPs (Wagner, 
2022). 

     Glaucoma-induced visual 
impairments are also often asso-

ciated with marked declines in 
physical health, social function-
ing and mental health, with high-
er rates of falls with injury and a 
general decline in health-related 
quality of life (Park, 2015). Be-
cause glaucoma is an age-related 
process that is very common in 
elderly populations and with ag-
ing populations rapidly growing 
globally, glaucoma-caused vision 
loss is a major public health 
concern that needs to be at the 
forefront of geriatric healthcare. 
With increasing life expectancies 
and increasing incidences of 
glaucoma, 112 million people are 
expected to be affected by 2040 
(Wagner, 2022). 

     Asian populations have a 
high predisposition to glaucoma 
— though they may not have the 
highest incidence compared to 
other racial groups, their rapidly 
increasing and aging populations 
position them to be a highly af-
fected group in the future. Prima-
ry open angle glaucoma (POAG) 
is the most common type of glau-
coma. Based on current studies, 
POAG prevalence in Asian pop-

Figure 1. Prevalence of impaired health-related quality of life versus glaucoma pa-
tients. Glaucoma patient reported significantly higher impariment in health-related 
qualties of life measures (Park et al., 2015). 

Effects of glaucoma-caused vision loss on 
Asian populations
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Glaucoma-induced visual 
impairments are often asso-
ciated with marked declines 
in physical health, social 
functioning and mental 
health with higher rates of 
falls with injury and a gen-
eral decline in health-related 
quality of life (Park, 2015).
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ulations is projected to increase 
significantly in South and Central 
Asia — from 17 million in 2016 
to 23 million in 2040 (Belamkar, 
2022). Already, the prevalence of 
glaucoma in Korean populations 
is one of the highest in the world 
(Park, 2015). China and India are 
also predicted to have one of the 
highest total glaucoma cases in 
the world, including POAG and 
primary angle closure glauco-
ma (Belamkar, 2022). Despite 
such a high prevalence in East 
and South Asian countries, most 
academic literature has centered 
around West-
ern and devel-
oped countries, 
which poses 
a key prob-
lem: there are 
drastic differ-
ences between 
racial groups in 
regards to risk, potential mech-
anistic pathways and lifestyle 
(Belamkar, 2022). Thus, research 
studying glaucoma in Asian 
populations is imperative to more 
effectively treat individuals of 
Asian descent, who are generally 
more predisposed to develop-

ing the disease. Findings from 
current literature are not well 
synthesized to properly evaluate 
the specific characteristics and 
treatment options available to 
Asian populations and its ethnic 
subgroups (Belamkar, 2022).

     A number of different 
reasons why glaucoma is so 
prevalent in Asians have been 
postulated. The fact that the 
prevalence of POAG in the urban 
population is more than double 
that in the rural population (Cho, 
2014) may be due to an aging 
population, as mentioned before, 

or increased ac-
cess to primary 
care and glau-
coma screening 
in urban areas. 
However, more 
study is neces-
sary to confirm 
this hypothesis. 

The Beijing Eye Study conduct-
ed in adult Chinese populations 
found that glaucoma progression 
was significantly more likely 
in patients with a larger optic 
cup — the size of the depres-
sion in the middle of the nerve 
when viewed from the front of 

the eye (Wang, 2012). Diabetes 
and hypertension increase the 
risk for glaucoma in Asians, as 
well as obstructive sleep apnea 
and hypopnea syndrome, which 
are all trends also observed in 
Caucasian populations (Belam-
kar, 2022). 

     The heritability of glauco-
ma has been emphasized in Asian 
population glaucoma studies, 
with many genes identified in its 
pathogenesis. One Chinese study 
found that approximately 80% 
of phenotypic variations in optic 
disc were genetic, with herita-
bility for cup disc and cup-to-
disc ratio — factors the Beijing 
Eye Study found to correlate 
with glaucoma incidence — to 
have high correlation coeffi-
cients (Belamkar, 2022). Recent 
genome-wide association studies 
(GWAS) have also identified sev-
eral single nucleotide polymor-
phisms at a number of different 
loci to be associated with POAG, 
including CAV1/CAV2, which 
have been postulated to influence 
several signaling pathways in-
volved in glaucoma pathogenesis 
(Abu-Amero, 2012). Additional-
ly, many loci seem to be ethnic-

Figure 2. The proportion of normal tension glaucoma and POAG ini Asian populations compared to other races (Cho, 2014). 
The proportion of NTG in Asians is higher findings of glaucoma in Asians compared with other races. Each bar represents a 
different study conducted on a given population.

With increasing life expec-
tancies and increasing in-
cidences of glaucoma, 112 
million people are expect-
ed to be affected by 2040 
(Wagner, 2022).
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ity-specific: for example CAV1/
CAV2 do not seem to contribute 
to POAG in the Middle East 
(Abu-Amero, 2012). It should be 
noted that specific disease-caus-
ing genes seem to account for 
less than 10% of POAG cases in 
the general population, prompt-
ing the idea that glaucoma is 
a polygenic disease and that 
gene-environment interactions 
are very important (Abu-Am-
ero, 2012). With the advent of 
GWAS, a large number of single 
nucleotide polymorphisms have 
been linked to POAG, but the 
clinical applicability of these 
discover-
ies is still 
somewhat 
limited — 
the devel-
opment of 
therapeutic 
agents 
to target these genetic markers 
will be an even more extended 
process, especially to those that 
are specific to a certain race or 
ethnicity (Abu-Amero, 2012). 
These genetic links, however, 
are very helpful to broaden our 
current understanding of glauco-
ma and provide a foundation for 
future diagnostic and therapeutic 
efforts.

     Because POAG is largely 
asymptomatic, with large num-
bers of people who have undi-
agnosed disease, how healthcare 
systems manage a patient with 
glaucoma in Asia is a significant 
consideration. Reduction of IOP 
with medical therapy is very 
effective in preventing the onset 
of POAG; however, the cost of 
such therapy is too high in devel-
oping countries and is oftentimes 
infeasible to maintain in the long 

run (Yip, 2006). Most trials were 
performed on Western popula-
tions, so the generalizability of 
results is very limited, especially 
when considering costs. Never-
theless, laser or surgical periph-
eral iridotomy — the creation of 
a microscopic hole in the iris that 
provides an alternative pathway 
for aqueous flow, thus reducing 
IOP — remains the most popu-
lar treatment for angle closure, 
a symptom that often leads to 
glaucoma (Yip, 2006). In devel-
oping countries, where treatment 
centers are oftentimes very far 
away from the patient, experts 

advise that all 
eyes with angle 
closure require 
a peripheral 
iridotomy to 
protect from an 
acute angle-clo-
sure glaucoma, 

which can be sudden and un-
predictable (Yip, 2006). Laser 
iridoplasty — placing burns to 
the iris and causing contracting 
of the iris away from the ante-
rior chamber angle — is also 
an option, but limited capacity 
prevents extensive use in de-
veloping countries (Yip, 2006). 
Finally, surgery carries a much 
greater risk than use of a laser, 
but is a considerable option: lens 
extraction is an alternative for 
treatment of angle closure, as 
well as trabeculectomy, which 
involves creating a new pathway 
for aqueous fluid to be drained 
(Yip, 2006). 

     In addition to all of the 
issues mentioned above, there is 
a current trend for the migration 
of doctors and nurses to richer 
countries — the U.S., U.K. and 
Canada — further increasing 

Like all diseases, glaucoma 
diagnosis and treatment is a 
multifactorial ailment influ-
enced by a variety of environ-
mental, genetic, and political 
factors.

Edited by Claire Qu, Lianna 
Levine, and Dr. Kim Tran

Placed by Lianna Levine

Ashley is a third year majoring 
in Biology. Her interests are ma-
ternal health and the intersection 

of journalism and medicine. 

AUTHOR BIO

the glaucoma doctor demand in 
Asian countries (Thomas, 2006). 
Additionally, efficiency of the 
provision of healthcare varies 
considerably between different 
Asian nations; for example, 
China’s cataract surgery rate 
is only 500 CSR (expressed in 
case per million year), compared 
to Australia’s 6300 and India’s 
3100 (Thomas, 2006). Like all 
diseases, glaucoma diagnosis 
and treatment is a multifactorial 
ailment influenced by a variety 
of environmental, genetic and 
political factors. However, with 
existing medical technology and 
the synergistic cooperation of 
government, non-governmental 
organizations and healthcare sys-
tems, the prevention of POAG is 
an immediately achievable goal 
that could afford a huge step in 
worldwide blindness prevention. 
❧
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Religious belief has be-
come an integral aspect 

of people’s lives, leading to 
careful consideration in medicine 
from varying patient beliefs and 
experiences. The progression of 
neurodegenerative disease im-
parts detrimental effects on spe-
cific regions of the brain that are 
associated with religiosity, which 
represents religious thought, be-
havior, and beliefs. Historically, 
research that examines the brain 
and religion has had difficulty 
securing funding and publishing 
due to hesitancy surrounding the 
validity of results clearly show-
ing the link between health and 
religion. However, modern key 
discoveries have been made that 
further the understanding of re-
ligiosity and neurodegeneration. 
Currently, there is no universally 
accepted method for measur-
ing and determining religiosity 
levels; however, many of the 
conducted studies utilize reliable 
scale methods for respondents to 
self-report their religious beliefs 
and behaviors. Neurodegenera-
tive diseases, such as Parkinson’s 
Disease and hippocampal-tar-
geting diseases, show trends of 
decreased religiosity for patients 
compared to control-matched 
groups and can potentially be 
used as a predictive factor for 
diagnosing neurodegenerative 
disease. Special cases of selec-
tive neurodegeneration have 
shown opposing effects, such as 
hyper-religiosity. 

To examine the connection 
between the brain and religion, 

Daniel Sung
a study examined the neural 
activity of 30 healthy subjects – 
15 committed Christians and 15 
non-believers — using functional 
magnetic resonance imaging 
(fMRI) to study the neural cor-
relates in religious belief (Harris 
et al., 2009). To determine their 
religious beliefs, participants 
indicated “belief” or “non-be-
lief” to statements such as “Jesus 
Christ performed the miracles 
attributed to him in the Bible”, 
and “Alexander the Great was a 
very famous military leader”. At 
the same time, their neural signal 
changes were studied. Study 
results found that religious and 
non-religious thinking engage 
the broad regions of the frontal, 
parietal, and medial temporal 
lobes differently. However, the 
neural response from both study 
groups was content-indepen-
dent for statements they found 
true, signifying a similar neural 
response regardless of whether 
the statement was religious or 
non-religious. More specifical-
ly, the medial prefrontal cortex 
showed an increased response 
when participants responded “be-
lief” whereas the anterior insula 
showed increased activity when 
participants responded  “non-be-
lief”. Figure 1 further shows 
the different regions engaged 
in stimuli from the statements 
(Figure 1). 

Although there is no specific 
brain region for religious belief, 
neuroimaging can discriminate 
between belief and nonbelief 
using areas associated with 
self-representation and reward. 
For example, there are similar 
responses in both the Christian 
and non-believer groups to blas-
phemous statements (statements 

that contradict a subject’s set 
of beliefs) since rejecting state-
ments is rewarding This leads 
to increased activity and signals 
in the ventromedial prefrontal 
cortex, lateral occipital cortex, 
and superior frontal gyrus when 
participants responded that 
statements are true rather than 
not true. 

As religiosity uses the activa-
tion of various parts of the brain, 
neurodegenerative diseases pose 
a threat to the maintenance of 
one’s religiosity. Specifically, 
Parkinson’s Disease (PD) is a 
neurodegenerative disease that 
is progressive and affects the 
nervous system. There have been 
correlations between Parkinson’s 
and decreased religiosity levels. 
A study of 22 male, mid-stage 
age-matched PD patients aiming 
to measure “life goals, religiosi-
ty, mood, and neuropsychologic 
function” concluded that PD 
patients had significantly lower 
levels of religiosity than the age-
matched controls (McNamara 
et al., 2006). These results may 
be explained by the prefrontal 
neuropsychological function 
rather than age, education, or 

Figure 1. Greater activity in the ventromedial 
prefrontal cortex, lateral occipital cortex, 

and superior frontal gyrus was seen for belief 
rather than disbelief. (Harris et al., 2009)

Declined Religiosity in Neurodegradation

Staff Writer
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mood-related factors. There is 
less inclination to practice reli-
gion in participants with impeded 
prefrontal neuropsychological 
function. As a common symptom 
among PD patients, depression 
may contribute to these results, 
as the emotional and mental toll 
that patients experience may 
lead to a declined inclination for 
religion. Religiosity can lead to 
feelings of hope and optimism, 
but harsh symptoms PD patients 
endure can negatively influence 
religious fervor, leading to a 
more negative outlook on life. 
Dopamine 
levels, which 
are decreased 
in Parkinson’s, 
could also be 
an explanation 
since dopa-
mine is import-
ant in motiva-
tional support 
for religious 
practices. The areas of the brain 
that Parkinson’s Disease damag-
es could be key role players in 
the motivation and inclination to 
practice religion. 

The damage Parkinson’s 
Disease has on the brain is fur-
ther evidenced through a study, 
in which patients with left-onset 
(right forebrain disease) show a 
more severe inability to activate 
and think of religious concepts in 
comparison to the controls. In an 
evaluative priming test, respon-
dents were evaluated on how 
quickly they could respond to 
religious phrases and statements. 
The study further connects the 
inability to the “dopaminergic 
dysfunction in right-sided stria-
tal-prefrontal networks” (Butler 
et al., 2009). The dopaminergic 

networks in right-sided stria-
tal-prefrontal networks are vital 
for the activation of religious 
concepts, which can explain the 
decreased religiosity seen in 
patients with decreased religios-
ity. In comparison to the control 
group, patients with PD were 
slower in responding to the stim-
uli. The inability to automatically 
think of religion makes PD pa-
tients less intrinsically religious 
compared to their controls. 

 Moreover, further stud-
ies have shown that decreased 
religiosity could be used as a 

predictive factor for 
PD diagnosis. In a 
longitudinal study led 
by Abidemi Otaiku, 
there was an exam-
ination of collected 
data “from the English 
Longitudinal Study of 
Aging (ELSA) from 
July 2010 through to 
July 2019, and the 

Midlife in the United States (MI-
DUS) study from January 1995 
through to June 2014” (Otaiku et 
al., 2022). Throughout the time, 
patients from ELSA conducted 
follow-up interviews every two 
years while patients from MI-
DUS had follow-up interviews 
every 9-10 years. The interviews 
were designed to assess the 
respondent’s religious devotion 
through a 
four-point 
scale, in 
which 1 
meant very 
important 
while 4 meant not at all import-
ant. The patients who considered 
religion to be “not at all import-
ant” were seen to have a tenfold 
risk of developing PD. A key 

finding was the dose-response 
relationship; as religiosity de-
creased in the subject, the risk of 
developing PD increased. Even 
after adjusting for the differing 
sociodemographic factors among 
the subjects like health, lifestyle, 
and religious practice, the finding 
was still consistent. Additionally, 
individuals who valued spiritual-
ity but not religion as much also 
had a higher risk of developing 
PD. In the ten years before the 
baseline was established, patients 
displaying decreased religiosity 
showed increased risks for de-
veloping PD. If there was higher 
religiosity in the patient, there 
were decreased risks of develop-
ing PD.

Religion has further shown 
negative effects for hippocam-
pal targeting neurodegenerative 
diseases. A study by Amy Owen 
examined the hippocampal atro-
phy in 268 religious older adults 
through high-resolution MRI. 
The baseline that was set for 
the study was “1) frequency of 
public worship, (2) frequency of 
private religious activity (prayer, 
meditation, or Bible study), (3) 
religious group membership. 
Religious factors assessed at 
baseline and annually included 
(4) born-again status and (5) 
life-changing religious experi-
ences” (Owen et al., 2011). The 

study found that 
the frequency 
of religious 
practice did not 
correlate with 
the predic-

tion for atrophy severity in the 
patients. Figure 2 shows the dif-
ferences in hippocampal volume 
from different groups (Figure 2). 

A major finding was that 

Religiosity can lead to 
feelings of hope and 
optimism, but harsh 
symptoms PD patients 
endure can negatively 
influence religious fer-
vor, leading to a more 
negative outlook on life.

The inability to automatically 
think of religion makes PD pa-
tients less intrinsically religious 
compared to their controls. 



50 Emory Undergraduate Medical Review, Fall 2023

there was greater hippocampal 
atrophy seen in born-again Prot-
estants, Catholics, and patients 
with no religious affiliation in 
comparison to non-born-again 
Protestants. To further explain, 
there are religious aspects that 
have a positive mental impact, 
but there are other religious 
factors that can lead to increased 
cumulative stress on the brain. 
For example, being a part of a 
religious minority could be a 
cause of increased stress, which 
has been displayed in studies 
showing associations with stress 
and atrophy. The increased stress 
on the brain makes neuronal 
death, dendritic retraction, and 
decreased neurogenesis possible, 
leading to higher atrophy levels 
seen in the subjects. Further-
more, the atrophy could not be 
explained by the acute stress 
levels, further pointing to the 
possibility that the main source 
of atrophy is more cumulative 
stress. Another key finding was 

Figure 2. Regression Analysis to see varying 
religious factors and covariates that impact 
changes in hippocampal volume. A sample 
size of 268 patients. Looks at both the left 
and right hippocampal changes. (Owen et 
al., 2011)

that increased atrophy was seen 
in the subjects who experienced 
life-changing religious experi-
ences. Life-changing religious 
experiences can potentially 
contribute to the overall atrophy 
in the brain because these experi-
ences could lead to doubts about 
past experiences or incite major 
changes in one’s life. The study 
reveals how hippocampal vol-
ume could be uniquely affected 
by certain religious factors and 
experiences, leading to varying 
atrophy results. 

Another area of the religious 
effects on neurodegeneration 
is religious dogmatism seen in 
patients with selective neurode-
generation. Religious dogmatism 
is defined to be hyper-religiosity 
or increased belief in religion 
compared to prior diagnosis. 
Patients express their religious 
beliefs as fact, without consid-
ering the perspective of others. 
Religious dogmatism has been 
associated with the limbic and 
paralimbic regions of the brain, 
including the temporal and orbi-
tofrontal cortex. These regions 
are targeted by the frontotempo-
ral lobar degenerative disorders. 
A study analyzing a large cohort 
of 1607 patients classified into 
four different groups – Alzhei-
mer’s Disease (AD), Behavioral 
Variant Frontotemporal Demen-
tia (bvFTD), Semantic Variant 
Primary Progressive Aphasia 
(svPPA), and Normal Controls 
(NC)  — measured the rates of 
religious dogmatism and mental 
rigidity (the inability to yield to 
other viewpoints). The results of 
the study found that the groups 
of bvFTD and svPPA had signifi-
cantly higher rates of religious 
dogmatism than AD and NC 
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patients. This is connected to 
associated higher rates of men-
tal rigidity, potentially through 
the effects in the neural systems 
that involve cognitive flexibility. 
PD patients with higher rates of 
mental rigidity will be less likely 
to yield to other’s beliefs leading 
to hyper-religiosity. This study 
shows novel examples of patients 
with increased religiosity due to 
selective neurodegeneration. 

With religion being an 
integral part of the culture, it is 
vital to understand the linkage 
between religion and neurode-
generation in better predicting 
neurodegenerative disease diag-
noses. Neurodegeneration not 
only negatively affects religiosity 
in patients with Parkinson’s but 
also in patients with hippocam-
pal atrophy. Selective neurode-
generation leads to damage of 
specific brain regions that lead to 
decreased religiosity. However, 
there are even cases when se-
lective neurodegeneration leads 
to hyper-religiosity or increased 
belief due to high mental rigidi-
ty. With further funding into the 
research of the intersection of 
neurodegeneration and religion, 
more operationalization of con-
cepts can be made in two areas 
that did not mix. ❧
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The Federal Drug Ad-
ministration (FDA) has 

recently approved a new nasal 
spray drug, nalmefene, to combat 
acute opioid overdoses. Nalme-
fene, also known as Opvee, is 
often compared to naloxone 
(Narcan), which is commonly 
used by first responders in emer-
gency medical services. While 
Opvee and Narcan have similar 
applications, indications, and 
pharmacodynamics, it is import-
ant to understand the differences 
which will determine when and 
how the drug will be applied. As 
Opvee is still new, there is much 
contention comparing effective-
ness and potential adverse effects 
of both Opvee 
and Narcan. 
However, since 
Opvee pro-
vides a second 
opportunity for 
potential over-
dose reversal and is just as, if not  
more effective than Narcan, it 
should soon be incorporated into 
emergency medicine practices 
across the country. 

The opioid epidemic in 
the United States started in the 
1900s and has since escalated 
into a full-blown public health 
emergency. This epidemic has 
incurred staggering costs, ex-
ceeding one trillion dollars from 
2001 to 2017, and has claimed 
thousands of lives (Britch et al., 
2022). The primary drugs behind 

EMMA KINGWELL

this epidemic include prescrip-
tion opioids such as oxycodone, 
heroin, and synthetic opioids 
such as fentanyl. Opioid overdos-
es present a narrow window for 
effective reversal and treatment 
which highlights the impor-
tance of accessible and efficient 
interventions such as Opvee and 
Narcan. 

 Although it has only been 
approved recently, Nalmefene is 

not a new drug 
and has been 
extensively 
studied in the 
past. The FDA 
approved a par-
enteral formula-

tion of Nalmefene, a non-orally 
administered version of the drug, 
in 1995 to treat opioid overdoses, 
but it was withdrawn from the 
market in 2008 for commercial 
reasons rather than safety or 
efficacy concerns. The now-ap-
proved version of Nalmefene, 
which is indicated for adults and 
pediatric patients above 12 years 
old, is a 2.7 mg-dose nasal spray 
that can reverse opioid overdose 
effects for as long as eight hours 
after the first dose is adminis-
tered. Now, Opvee is backed by 

a $10.8 million federally funded 
contract from the Biomedical 
Advanced Research and Devel-
opment Authority (BARDA) 
and is also supported by a $7.4 
million U01 “grand opportunities 
in medications development” 
grant from the National Institute 
on Drug Abuse (NIDA). Opvee’s 
funding was granted priority 
review designation, which “ex-
pedites the development of drugs 
that have the potential to provide 
a significant improvement in the 
safety or effectiveness of the 
treatment, diagnosis, or pre-
vention of a serious condition” 
(Valentino, 2023).

Nalmefene is a pure opiate 
antagonist which blocks opioid 
transmembrane neurotransmitter 
receptors in the central or periph-
eral nervous system (Theriot et 
al., 2022). There are three types 
of opiate receptors, namely, 
μ-opioid receptor (MOR), δ-opi-
oid receptor (DOR), and κ-opioid 
receptor (KOR), which all have 
similar primary structures, func-
tion, and intracellular signaling 
mechanisms, and Nalmefene 
has antagonistic activity against 
all three of them (Feng et al., 
2012). By blocking these opi-

Opvee, a newly approved drug to combat 
opioid overdoses in emergency settings

Secretary

The opioid epidemic in the 
United States started in 
the 1900s and has since 
escalated into a full-blown 
public health emergency. 

Figure 1. Although Naloxone (left) and Nalmefene (right) have similar structures, their dif-
ferences give rise to different effectiveness. Nalmefene’s structure is designed to have efficient 
opioid receptor binding, optimized bioavailability, and less of a risk for liver toxicity. (Pettinati 
et al., 2013)
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oid receptors, Nalmefene can 
prevent respiratory depression, 
which is common in opioid 
overdoses. The FDA recognizes 
that Nalmefene can also reverse 
not only respiratory depression 
but also sedation and hypoten-
sion. Nevertheless, it may lead 
to opioid withdrawal symptoms 
including body aches, tachycar-
dia, fever, runny nose, sneezing, 
and sweating.

One of the key distinctions 
between Narcan and Opvee is 
their efficacy against high-po-
tency opioids, such as fentanyl 
and its analogs. Naloxone has a 
shorter half-life of 80 minutes 
and a duration of action of 60 to 
90 minutes, necessitating higher 
doses and potentially leading to a 
higher incidence of opioid with-
drawal symptoms. On the other 
hand, Opvee has a longer elim-
ination half-life 
that ranges from 
8 to 11 hours and 
a longer duration 
of action of one 
to four hours and 
therefore just 
as effectively 
reverses opioid 
signs and symp-
toms (Edinoff et al., 2021). In 
a study comparing the receptor 
pharmacology of GSK121498, a 
novel opiate receptor antagonist, 
in comparison to naltrexone, 
naloxone, 6-β-naltrexol, and 
nalmefene, researchers found 
that Nalmefene was about 8.6 
times more potent than Naloxone 
(Kelly et al., 2015). However, it 
is worth noting that Opvee has a 
slower absorption rate when ad-
ministered intranasally. Nonethe-
less, Opvee is generally consid-
ered safe and well-tolerated.

Opvee’s recent approval 
by the FDA on May 22, 2023, 
marked a significant milestone in 
the fight against opioid overdos-
es. This approval granted Opvee 
the distinction of being the first 
Nalmefene hydrochloride nasal 
spray available for healthcare 
and community use. The FDA’s 
decision has been framed as 
an opportunity to place a new 
prescription opioid reversal 
option in the hands of communi-
ties, harm reduction groups, and 
emergency responders. Opvee’s 
efficacy in reversing the effects 
of respiratory depression, seda-
tion, and hypotension is a critical 
factor in its approval. The FDA 
further expedited the develop-
ment and review of Opvee by 
granting it priority review desig-
nation, recognizing its potential 
to significantly improve the safe-

ty and effectiveness 
of treating opioid 
overdoses (FDA, 
2023).

However, it is 
also crucial to note 
the presence of 
conflicting opinions 
in the scientific 
community. For ex-

ample, some studies have argued 
that high-dose opioid antagonists 
are not necessary and found that 
most overdoses are reversed 
with standard doses (Lemen et 
al., 2023). Additionally, adverse 
effects such as allergic reac-
tions have been observed after 
administration of strong opioid 
antagonists. To date, there have 
been no studies focused solely on 
Opvee’s adverse effects.

Although the drug has been 
approved for use, there is still 
a transition to applications in 

emergency medicine, where it is 
most needed. While there may be 
concerns about potential adverse 
side effects compared to Narcan, 
the consequences of untreated 
opioid overdoses far outweigh 
these concerns. Implementing 
Opvee in the field can save 
countless lives, especially when 
considering the narrow treatment 
window for opioid overdoses. 
Some regions, such as Missou-
ri, have already approved use 
of Narcan alternatives for first 
responders as early as July of 
2023 (Wilson, 2023). As Op-
vee is integrated in emergency 
medical services, steps must also 
be taken towards increasing the 
accessibility. 

Addressing the social de-
terminants of health, including 
accessibility, is crucial to ensure 
that life-saving medications like 
Opvee are readily available, es-
pecially with the increasing rate 
of opioid overdoses. In a 2019 
study done by Singh et al., the 
researchers compared disparities 
in terms of the opioid epidem-
ic’s effects between different 
groups and found that a lack of 
education and poor working and 
economic opportunities contrib-
ute to the epidemic. The data 
show increasing trends in drug 
overdose mortality among all 
major racial/ethnic groups with 
mortality rates being the highest 
among non-Hispanic whites and 
the lowest among Asian/Pacific 
Islanders (APIs); an annual rate 
of increase in drug mortality 
rates of 6.7% in women vs. 6.1% 
in men; a markedly upward 
trend in drug overdose mortality 
among children and adolescents 
compared to other age groups; 
and rapid increases in drug over-

Although the drug 
has been approved 
for use, there is still 
a transition to appli-
cations in emergency 
medicine, where it is 
most needed.
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dose mortality in both metropol-
itan/urban and non-metropolitan/
rural areas of the US. Beyond 
the overall rise in the therapeu-
tic use, abuse, and nonmedical 
use of opioids in the US, several 
additional factors have been cor-
related as determinants of drug 
overdose mortality and preva-
lence of prescription opioids, 
including increased availability 
of and access to prescription 
opioids, low social capital, area 
poverty rate, unemployment rate, 
lack of economic opportunities, 
and racial/ethnic 
composition have 
been correlated 
as determinants 
of drug over-
dose mortality 
and prevalence 
of prescription 
opioids (Singh et 
al., 2019). There-
fore, accessibility 
and education 
key ethical issues that must be 
addressed in terms of justice and 
equity in health care. Cost-effec-
tive strategies must be developed 
to bridge gaps in accessibility 
and provide an interim solution 

Figure 2. The rates of drug overdose mortality have been increasing since 1999 in the United 
States. Although the overall mortality rate has increased, the death rate among young adults 
aged 20-24 has quadrupled from 1999 to 2017, so it is crucial to have adequate emergency 
response options against overdoses. (Singh et al., 2019)

for managing opioid overdos-
es in emergency situations. 
One example of an initiative is 
‘Take-home naloxone’ (THN) 
programs involving the provision 
of emergency naloxone kits to 
non-medical individuals, along 
with comprehensive training in 
basic overdose management, 
naloxone administration, and 
after-care (Strang et al., 2019). 
The idea of these kits are rooted 
in the idea of community-based 
Naloxone,which can be provided 
for emergency use for individ-

uals at high risk, 
patients enrolled 
in treatment 
programs, and 
active drug users. 
A London survey 
of opioid users 
estimated that 
roughly two thirds 
of witnessed over-
dose deaths could 
have been pre-

vented by THN, and about 90% 
of the survey respondents would 
have used the kit and medication 
if it had been available (Strang 
et al., 1999). By incorporating 
Nalmefene into such programs 

Addressing the social 
determinants of health, 
including accessibility, 
is crucial to ensure that 
life-saving medications 
like Opvee are readily 
available, especially 
with the increasing rate 
of opioid overdoses.

that educate the general public, 
we can better combat the opioid 
epidemic and improve patient 
outcomes.

While drug approval is 
a slow process, so is policy 
change. Although the FDA 
has approved Opvee, Opvee’s 
accessibility and full integration 
into emergency medicine proto-
cols are incomplete and crucial 
to addressing disparities in, and 
the progression of, the opioid 
epidemic. Although accessibility 
is a challenge, low-cost, creative 
solutions are needed to offer 
new opportunities to educate 
and combat the climbing opioid 
death rates. ❧
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The human heart beats 
around 2 to 3 billion 

times throughout life, driven by 
the pacemaker cells in the right 
atrium’s sinoatrial node (SAN). 
The SAN, an electrical oscilla-
tor, dictates the heart’s rhythm, 
known as “sinus rhythm,” which 
has an inherent variability with 
activities like breathing, relax-
ation, stress, or danger. Heart 
rate variability (HRV) results 
from the interplay between the 
sympathetic (fight or flight) and 
parasympathetic (rest and digest) 
nervous systems, maintaining a 
healthy balance.

Disruptions in this balance 
due to aging, lifestyle, or heart 
disease can lead to arrhythmias. 
Arrhythmias range from mild 
to serious conditions like atrial 
fibrillation, bradycardia, and 
tachycardia. Sustained ventricu-
lar tachycardia (rapid heartbeat) 
which can cause ventricular 
fibrillation (chaotic heartbeat) 
is one of the leading causes of 
Sudden Cardiac 
Death (SCD) 
(Ludhwani, 
2023). Mortality 
can be prevented 
with intervention 
using defibril-
lators within 10 minutes of the 
onset of VF though every passing 
minute can lead to the failure of 
an organ and decrease the chanc-
es. But underlying such interven-
tions is a timely identification of 
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VT/VF using mathematical mod-
els of heart rate rhythms. While 
wearables like smartwatches and 
devices like auto-defibrillators 
can detect VT/VF using statisti-
cal techniques, the detection hap-
pens after the onset of symptoms. 
Understanding why a tachycardia 
degenerates into fibrillation and 
SCD and detecting triggers for 
the degeneration remains a chal-
lenge. In this paper, we’ll review 

how modeling 
the dynamics 
of our heart not 
as a well-be-
haved linear 
system where its 
response is pro-

portional to the input stimuli, but 
as a dynamical chaotic system 
to study HRV using non-linear 
chaos theory techniques may 
help us predict the likelihood of 
fibrillation and SCD.

The first noted example of 
chaos theory in natural phe-
nomena was in the 1880s when 
mathematician and theoretical 
physicist Henri Poincaré was 
studying the motion of an aster-
oid under gravitational pull from 
Jupiter and the sun - the n-body 
problem in physics which uses 
math to predict the motion of a 
group of celestial objects that 
interact gravitationally. While 
he couldn’t solve the problem, 
he discovered that even minute 
changes in the initial conditions 
could produce unpredictable, 
large changes in the resulting 
orbit of an asteroid thus making 
the prediction of the motion of an 
asteroid almost impossible (Oes-
treicher, 2007). Edward Lorenz 
found the exact same sensitivity 
to initial conditions while build-
ing climate models to predict 
weather conditions at MIT in the 

Applications of chaos theory in predicting 
arrhythmia

Staff Writer

Modeling the dynamics of 
our heart as a dynamical 
chaotic system may help 
us predict the likelihood 
of fibrillation and SCD.

Figure 1. Self similarity of a heart rate of a normal individual over 3, 30 and 300 minutes. 
(Goldberger et al., 1990)
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60s leading to his very famous 
chaos theory prediction that a 
butterfly flapping its wings in 
New Mexico may eventually 
cause a hurricane in Asia. Lorenz 
presented his models of chaotic 
systems in 1972 and the comput-
er graphic of his chaotic system 
was the first representation of 
what’s known as an “attractor” - 
a specific set of values towards 
which a system evolves (Oestre-
icher, 2007).  Chaos theory was 
born and over time, as computing 
power grew, the theory dissem-
inated into the medical field in 
the early 90s, when scientists 

like Goldberger observed that the 
characteristics of chaos theory 
and non-linear dynamics might 
underlie some of the unique 
features seen in biology like the 
fractal characteristics of a tempo-
ral heart rate pattern - the pattern 
over a 300 minute interval looks 
similar to a pattern over a 3 min-
ute time scale (Figure 1).

Abnormalities in heart waves 
signify electrical depolarization, 
causing excessive contractions. 
Depolarization unfolds sequen-
tially in the heart’s chambers: 
first the atrium, then the septum, 
and finally, the ventricles. Tradi-

tionally, physiologists, since the 
1970s, used statistical metrics 
for rhythm or HRV abnormal-
ities. Metrics, categorized into 
time and frequency domains, 
include SDNN for overall HRV 
and RMSSD for short-term HRV. 
Frequency domain metrics, like 
LF and HF, represent sympathet-
ic and parasympathetic activities. 
The LF/HF ratio indicates auto-
nomic balance. While these met-
rics offer insights into autonomic 
activity, they aren’t standalone 
arrhythmia diagnostic tools. 
Algorithms have been designed 
with predefined rules to classify 
arrhythmias - for eg: the lack 
of QRS complex, S-T segments 
or T-waves could indicate VF. 
Machine learning models like 
SVMs, neural networks, or deci-
sion trees have also been trained 
to recognize patterns and classify 
arrhythmias but they still use 
traditional HRV linear metrics as 
their feature set.

Though widely used in 
smartwatches and defibrillator 
monitors, these algorithms are 
post-condition. VF onset ham-
pers effective blood pumping, 
leading to organ failure within 

Figure 2. An ECG curve with its most common waveforms, T, P, and S. (ECG and Echo, 2023)

Figure 3. α1 in the deceased group was significantly lower than the alive group (pooled mean difference −0.17, 95% CI [−0.21, −0.13]) (n = 
2940, p < 0.00001). α1 was significantly different between the alive and deceased groups for all three subgroups—MI , LV Dysfunction, and NC 
subgroups. (Sen, 2018)
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10 minutes without treatment. 
Early detection, crucial for inter-
vention, involves 
research on signals 
preceding deadly 
arrhythmias and 
SCD. Detecting 
imminent VF min-
utes before occur-
rence allows timely 
interventions. And a lot of these 
attempts also involve nonlinear 
or fractal HRV metrics.    

Some of the early fractal dy-
namic metrics of HRV involved 
using the power law to compute 
the fractal dimension of a heart 
signal () using frequency domain 
measurements. This was based 
on the observation that some self 
similar fractals can be modeled 
using a power function f(x) = x-. 
Scaling such a function leads to 
a self similar function: f(cx) = 
c-f(x).  Computation of  for the 
heart rate function was computa-
tionally intensive and required a 
huge amount of data and the best 
fit was observed only for very 
low frequency measurements 
only. This led to a technique 
called Detrended Fluctuation 
Analysis (DFA), where the RR 
interval data is a) converted to 
spreads around the mean, b) 
divided into smaller parts based 

on a scale (for ex. 10 points per 
part). A linear fit slope is comput-

ed for each part and 
the root and a RMS 
is calculated for 
each part (detrend-
ing) and averaged 
over all parts. This 
is then repeated for 
multiple scales (10, 

100, 1000, and so on) and finally 
the best linear fit is computed 
for the log  average RMS vs log 
scale (assuming RMS and scale 
have a power law relationship 
and the slope of log RMS vs log 
scale is the fractal dimension ) 
(Goldberger, 2002). A review of 
all HRV fractal measure studies 
done in 2018 by Sen shows that 
efficacy of a fractal measure like 
DFA  as a prognostic measure 

This plot can show 
a system’s evolution 
and a wealth of phys-
iological information 
of the cardiovascular 
system (Wang, 2022).

even in free running conditions 
(Figure 3). 

A similar study done by 
Mäkikallio and used by Sen 
above involving 325 elderly in 
Finland back in 2001 had pre-
dicted the same results (Figure 
4). But one more observation 
from Mäkikallio was that tradi-
tional HRV diagnostic metrics 
like SDNN for cardiac deaths 
show no statistical significance 
(p ~ 0.05) implying the fractal 
metrics have a more predictive 
power.

There have been other 
non-linear metrics that have 
been developed over the last two 
decades like multiscale entropy 
(which assesses the regularity 
and ordering of the signals over 
multiple scales) and symbol-
ic dynamics (again measures 
variability of patterns) which 
have been shown to outperform 
traditional statistical measure for 
predicting SCD. (Gazzetti, 2005)

Another well-studied nonlin-
ear technique used to study chaos 
is a Poincaré Plot (Figure 5). It 
can be used to assess the dynam-
ics of HRV by a representation 
of the values of each pair of R-R 
intervals into a simplified phase 
space where a point’s x value 

Figure 4. Traditional diagnostic metrics like SDNN (Standard Deviation of the R-R intervals 
(See Figure 2)) show no statistical significance (NS) for cardiac death making them useless to 
predict SCD (Mäkikallio et al., 2001)

Figure 5. A standard Poincaré plot of the RR intervals for a healthy heart (left) and an un-
healthy one (right) (Wang, 2022).



59Emory Undergraduate Medical Review, Fall 2023

denotes the current R-R interval 
time and the y value denotes the 
previous value. This plot can 
show a system’s evolution and 
a wealth of physiological in-
formation of the cardiovascular 
system (Wang, 2022). As in any 
chaotic system, the future state of 
a system depends on the previous 
state and that’s the underlying 
principle. If the relationship 
between one heartbeat interval 
and the next is deterministic, 
the Poincaré plot may exhibit 
structure reflecting the underly-
ing dependence of the present 
state on previous state(s) as 
seen in Figure 5 (left) where the 
Poincaré plot of healthy human 
is an approximate ellipse. If the 
relationship 
between the 
current heart 
state and the 
previous state 
is random, 
then the 
Poincaré plot 
yields a form-
less group of 
points as in 
the right half of Figure 5 show-
ing that the heart rate has bifur-
cated into a chaotic arrhythmic 
system 

There has been research done 
to design automated algorithms 
using Poincare plots features - 
like detecting the ellipse pattern 
and measuring its major and mi-
nor axes - to predict fibrillation 
without the need for any human 
intervention and any specific 
threshold (Park et al., 2009). 

There are also numerous 
studies involving the use of the 
nonlinear/chaos metrics com-
bined with traditional time and 
frequency domain measures like 
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SDNN to build and train ma-
chine learning or deep learning 
models to analyze heart rate 
signals and predict arrhythmias 
and SCDs (Benitez & Duque, 
2017), (Fujita et al., 2016) and 
(Ebrahimzadeh et al., 2014)

Overall, non-linear/chaos 
metrics have been proven to be 
better at predicting SCD but the 
enthusiasm has faded over recent 
years. And the reason for this is 
that most of these techniques - a) 
need long term measurements, 
b) are restricted to centers with 
advanced knowledge in engi-
neering and/or computer sci-
ence, c) not reproducible easily, 
d) are sensitive to adjustable 
parameters and preprocessing/

denoising steps 
and e) difficult 
to explain and 
understand from 
a physiological/
biochemical 
perspective. But 
we now have 
entered an era 
of wearable 
technology like 

smart watches and large public 
datasets like AllofUs from NIH, 
MVP (Million Veteran Program) 
or private datasets like Epic and 
Cerner. Some of these are con-
sidering incorporating wearable 
device data in their datasets and 
this data set will also include 
other clinically relevant infor-
mation like genetic information 
and biochemical biomarkers 
from blood tests. This golden era 
of wearables and data collec-
tion will make it possible to 
now have continuous long term 
measurements available to now 
apply the non-linear techniques 
and then correlate them to not 

just SCD but other biochemical 
markers and even genetic infor-
mation. 

In summary, the heart is a 
complex non-linear dynamic sys-
tem where small changes in the 
initial conditions of the system 
can lead to large and unpredict-
able changes like arrhythmias. 
Traditional diagnostic metrics 
fail to correctly predict SCD due 
to arrhythmia and are mostly 
ineffective. The metrics derived 
by assuming that chaos theory 
applies to the heart have been 
proven to be effective in predict-
ing SCD, but their widespread 
usage is hindered due to an 
inherent computational complex-
ity and lack of data needed to 
perform such analysis. It is this 
author’s opinion that we are en-
tering a golden age of wearable, 
heart monitoring devices which 
also have the ability to perform 
computationally intensive tasks. 
This will likely lead to a resur-
gence of the study of HRV using 
non-linear techniques to not just 
predict the likelihood of an SCD 
but also correlate these metrics to 
other genetic, medical conditions 
to enable a holistic treatment. ❧

An electrocardiogram (ECG) 
can record and visualize this 
heartbeat rhythm, which can 
then be used for “detecting 
cardiovascular diseases and 
also examining breathing 
patterns and mental stress” 
(Gupta, 2020).
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In the United 
States, more 

than 100,000 people are currently 
on the organ transplant list wait-
ing for a life-saving organ. Every 
10 minutes, another person is 
added to this endless list (Organ 
Donation Statistics 2023). This 
creates a growing concern in 
American healthcare today about 
the increasing lack of organs to 
match current demand (Figure 1). 

The average patient waits 
three to five years for a kidney 
transplant (Transplant Waiting 
List 2023). Recently, however, 
researchers have been develop-
ing an alternative - using animal, 
particularly pig, organs. In fact, 
earlier this year, researchers at 
NYU Langone Transplant Insti-
tute transplanted a pig kidney 
into a brain-dead human recip-
ient; the organ was still viable 
after 32 days, the longest time a 
pig kidney has stayed viable in 
a human. Pig organ transplants 
rely on complex physiological 
features that allow them to work 
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in humans, but these porcine 
organs also introduce ethical 
and medical concerns which has 
left the medical community to 
continue considering alternative 
solutions. 

 Xenotransplantation is the 
transplant of animal tissues or 
organs into 
a different 
species. 
Xenotrans-
plantation 
often occurs in science laborato-
ries, where human cells, samples, 
or tumors are xenografted into 
research model organisms, like 
mice or zebrafish (the process of 
transplant is called xenotrans-
plantation, the actual cells or 

tissues once in the source are 
called the xenograft). Xenotrans-
plantation was first tested for 
its viability using non-human 
primates (NHP). After having 
NHPs with the xenotransplant-
ed organs live for more than 
a year, humans started testing 

this theory in 
brain-dead pa-
tients (Adams 
2023). After 
testing the 

viability of pig organs in brain-
dead human patients, the next 
step will likely be to see how 
pig organs fare in living human 
patients, and for how long they 
are viable. In the instances from 
NYU’s 2023 study, this involved 
taking kidneys from a pig and 
transplanting them into a human 
source, where they remained 
functional for over a month 
(NYU 1 2023).  

The surgical team used a pig 
kidney that had been genetically 
modified to knock out alpha-gal, 
a signaling protein responsible 
for a rapid antibody-mediated 
rejection of pig organs by the hu-
man. In addition to this, the pig’s 

Figure 2. An image of the surgeons actually xenotransplanting the pig kidney into the human 
patient. (NYU, 2023)  

Pig organs and alternate technologies for 
human transplant 

Staff Writer

Xenotransplantation is the 
transplant of animal tissues or 
organs into a different species. 

Figure 1. A graphic showing organ transplant data from 2016-2019 in the US (Shinkar 2022).
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thymus - one of the organs re-
sponsible for training a pig’s im-
mune defenses - was transferred 
along with the organ to prevent 
complex and new immune 
responses in the human body. 
The thymus is where T-cells 
mature and by transplanting it 
with the organ, it is less likely 
for the pig organ to be rejected 
by the human body.  Normal 
urine production is a marker of a 
healthy kidney and creatinine is a 
waste product created by kidney 
filtration. After the organ was 
transplanted, the human patient 
showed normal urine production 
and creatinine levels, and did not 
show any other signs of rejection 
(NYU 2 2023).

A natural question would be 
why pig organs? Would it not 
make more sense to use organs 
from a more closely related 
species to humans, like monkeys 
or great apes? To consider an ani-
mal for human transplant, a sev-
eral standards should first be met: 
the animal should have compat-
ible anatomy and physiology to 
humans, there should be little to 
no risk of cross-species infec-
tions that could danger the pa-
tient, there should be little to no 
immunological barriers between 
species that could cause rejec-
tion, the donor animal should 

be easy to sustain and breed, 
and have multiple offspring per 
pregnancy, and the species used 
should have minimal ethical 
controversy (Levy 2000). NHPs 
are the most physiologically and 
anatomically similar to humans. 
However, they do not fulfill the 
second condition as many deadly 
human diseases, such as HIV 
and Herpes species, originated 
as monkey vectors that trans-
fected humans. Many infectious 
diseases in monkeys still exist 
that could transfect humans 
and become potentially lethal 
if NHP organs were used for 
xenotransplantation. Unlike these 
NHPs, pigs meet most of these 
standards. They are anatomical 
and physiologically similar to 
humans, there is little risk of 
transfection, and 
they are easy to 
breed and sustain 
(Levy 2000). In 
addition, pigs and 
humans share 
important similarities in their 
anatomy and genetic composition 
like metabolic rates and similar 
organ sizes, making them ideal 
candidates for organ transfer 
(Bourret, 2016). Though they are 
currently the best option, the use 
of pig organs for xenotransplan-
tation still faces immunological 

barriers and raises major ethical 
concerns. 

One of the biggest ethical 
concerns to consider is the life 
and value of each pig. While 
these pigs could provide organs 
that can save thousands of lives a 
year, is it justified to raise an an-
imal only to kill it to harvest its 
organs? The pig used for xeno-
transplantation would likely have 
to be genetically modified to 
block out alpha-gal and any other 
immunological mechanisms 
that could cause rejection of the 
organ in the human body. How-
ever, this would likely leave the 
pig vulnerable to many diseases 
it would normally be able to fight 
off. In addition, these pigs would 
have a decreased quality of life, 
especially without key immune 
system defenses. Is it moral-
ly right to raise these pigs for 
slaughter to extend human lives? 
These are just a few questions 
researchers and lawmakers must 
consider as pig organs become 
a more viable solution for organ 
transplant. 

Another dilemma to consid-
er is how these pigs should be 
treated in various legal scenarios. 
In the US, there are different sets 

of laws that apply to 
various species of 
animals, which are 
different from human 
laws (i.e. in cases 
of organ donation, 

what is considered “proper” or 
humane treatment, etc.). Would 
these pigs, who are being raised 
for the purpose of human organ 
donation, be subjected to human 
laws or pig laws? This is another 
consideration that scientists and 
lawmakers take into account to 
ensure that these pigs not only 

Figure 3. Many potential uses for xenotransplantation, particularly from donor pigs. (FDA 
2022)

Is it morally right to 
raise these pigs for 
slaughter to extend 
human lives?
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have a good life, but also that 
their organs remain in optimal 
condition for xenotransplanta-
tion. 

One could argue that there 
is a danger associated with using 
organs from pigs: the lack of 
understanding of pig-specific 
diseases. It might be possible for 
human recipients to contract a 
disease that usually affects pigs, 
which could act as a catalyst for 
a public health crisis, such as a 
pandemic. Some examples of 
such transfections from pigs to 
humans in the past include swine 
influenza and Porcine endoge-
nous retrovirus. These cross-spe-
cies infections are especially 
dangerous as humans are not 
adapted to fight these illnesses. 
As a result, these infections are 
more deadly to humans, like in 
the case of 
COVID-19. 
Though there 
are exam-
ples of pig to 
human trans-
fections in the 
past, most researchers believe 
that this type of transfection is 
unlikely, since pigs and humans 
have lived in close proximity for 
millenia and pigs are a common 
food source for humans (Boneva 

Figure 4. A visual to show the process of 3D bioprinting organs as a viable solution for organ 
transplant. (Shinkar 2022)

2001). Thus, scientists believe 
that the potential risks of using 
pig organs outweigh the benefits 
and thus, using pig organs would 
be a much safer alternative com-
pared to those of other, similarly 
sized organisms. 

Though these organs would 
save the lives of many humans, 
there are other options besides 
harvesting organs from pigs – 
like organoids. Organoids are 
organs grown in vitro primarily 
to isolate individual organs and 
study how they behave in the 
body. These organoids can be 
grown in the lab setting using a 
patient’s pluripotent stem cells 
(PSC). While they are primarily 
used in vitro as a means of study-
ing the specific organ they form, 
there have been instances where 
they have worked in vivo. For 

example, iPSC 
retinal cells 
were transplant-
ed into humans 
with macular 
degeneration 
(Reza 2021). 

There have also been recent stud-
ies showing that liver organoids 
can work as functional organs 
in mice (Reza 2021). Though 
this solution is unorthodox and 
still requires much testing, it is 

“In the past, 3D bioprinting 
has been used to create skin 
grafts, livers, hearts, and 
vasculature” (Shinkar et al, 
2022)

a viable solution that does not 
sacrifice pigs for the sake of their 
organs. 

Another alternative ap-
proach to using pig organs for 
transplants would be to 3D 
print organs, also known as 3D 
bioprinting. This is a multi-step 
process that is being explored 
currently. First, a 3D model of 
the organ is made with internal 
and external microstructure of 
the desired organ. Second, cells 
from a patient or donor are col-
lected to create the organ; these 
cells are then combined with 
bioinks, made from hydrogels 
and cellular biomaterials. Once 
these supplies are gathered, the 
actual organ can be printed. In 
the past, 3D bioprinting has been 
used to create skin grafts, livers, 
hearts, and vasculature (Shinkar 
et al, 2022). Though 3D bioprint-
ing is still being developed to use 
across a larger variety of appli-
cations and needs to be further 
perfected before implementing 
it as a full scale solution, it has 
promising implications for the 
future of organ transplants. 

Saving human lives and 
doing it in a humane manner is 
the crux of the ongoing issue of 
organ transplantation. Under-
standing how xenotransplantation 
works and the importance of 
using pig organs is key to having 
a more nuanced understanding of 
this dilemma. Though the advent 
of xenotransplantation came 
about to save human lives, that 
does not mean a pig or non-hu-
man primate’s life is any more 
expendable. The true solution to 
the issue of organ transplant is 
investing time and resources into 
developing alternative methods, 
like organoids or 3D printed or-
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gans. Though it may be unpleas-
ant, it seems that pig organs may 
be the best solution the medical 
field can provide for patients in 
need of organ transplants for the 
time being. ❧
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Maternal mortality is a 
prevalent issue in the 

United States of America, and 
minorities and community mem-
bers from low-income communi-
ties are disproportionately at risk 
of mortality following childbirth. 
Black women make up 13% of 
the American population, yet are 
four to five times more likely to 
die in childbirth than their Cau-
casian counterparts (Petersen, 
2019). With 43.5 maternal deaths 
per 100,000 live births, regions 
of the United States with high 
concentrations of poverty-strick-
en Black women have alarming 
maternal death rates (Howell, 
2018). Pregnancy-related death is 
defined as “the death of a wom-
an during or within 1 year of 
pregnancy that was caused by a 
pregnancy compli-
cation, a chain of 
events initiated by 
pregnancy, or the 
aggravation of an 
unrelated condition 
by the physiologic 
effects of pregnancy” (Creanga, 
2014). Pregnant minority women 
are predisposed to maternal mor-
tality at higher rates than their 
white counterparts, which can be 
combated by understanding the 
existing barriers preventing the 
advancement of health outcomes 
in both mothers and their babies.

Additionally, health dispar-
ities encompass variations in 
health outcomes across different 

DOREEN OKEH

racial groups. These differenc-
es arise from various factors, 
including health literacy, racial 
considerations, access to med-
ical information, and socioeco-
nomic status. All in all, health 
disparities begin to manifest as 
inequalities in the ease of ac-
cess of healthcare facilities and 
services (Howell, 2018). Socio-
economic and related disparities 
due to income create a gap in the 

affordability of 
essential services 
and vaccinations 
for pregnant Af-
rican-American 
women. Further-
more, the quality 

of service is also determined by 
insurance coverage. Additional 
important issues driving disparity 
include medical mistrust between 
Black patients and their primary 
care providers, higher morbidity 
rates, and most prominently, dan-
gerously low vaccination rates 
among pregnant women.

 Structural racism against 
Black women serves as a power-
ful social determinant of mater-

nal health, which deepens the 
pre-existing roots of oppression 
against Black women navigating 
the healthcare world. Additional 
health disparities, such as health 
literacy and geographical limita-
tions, have also had detrimental 
effects on the quality of care 
received by pregnant minority 
women. I think I get this follow-
ing sentence, but it is unclear; 
may want to break into two sen-
tences? While maternal mortality 
remains a global issue primarily 
in lesser-developed countries, the 
United States conveys a dis-
proportionate amount of deaths 
in comparison to the access to 
medication, materials, and able 
healthcare workers to achieve 
health equity and lower the 
maternal mortality ratio (Murray, 
2019).

Three leading underlying 
causes of pregnancy-related 
death accounted for 72.1% of all 
pregnancy-related deaths. Most 
responsible for pregnancy-related 
deaths are (1) hemorrhage and 
cardiovascular and coronary con-
ditions. These are responsible for 

Figure 1. Both Black and American Indian/Alaska Native women experience prengnancy-re-
lated morality rates around three times and two times larger, respectively, than those of white 
women. (41.6 and 26.5 compared to 13.7 per 100,000 live births). (CDC, 2022)

From crisis to care: Identifying disparities 
in black maternal health

Staff Writer

Pregnant minority 
women are predisposed 
to maternal mortality at 
higher rates than their 
white counterparts.
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a combined 28.0 percent of total 
deaths. (2) Infection and cardio-
myopathy are responsible for 
21.4% of deaths. (3) Embolism 
falls third at 8.4%, preeclamp-
sia and eclampsia at 7.4%, and 
mental health conditions at 7.0% 
(CDC, 2018).

 Black women dwelling in 
low-income communities are 
dying in their attempts to bring 
life into the world. Socioeco-
nomic disparities due to income 
and educational gaps widen the 
margin in the affordability of 
essential services for pregnant 
Black women. Among the higher 
percentage of Black women fac-
ing complications during preg-
nancy, the specific health issues 
contributing to these challenges 
can be identified as hemorrhage 
and preeclampsia. This holds 
true even for women who do not 
have preexisting conditions like 
chronic hypertension, asthma, 
or infections. (Howell, 2019). 

Within the past decade, devel-
oped countries have seen a 3.1% 
decline in the annual assessment 
of the maternal mortality ra-
tio; however, the United States 
displayed an increase of 1.7% 
(Grant, 2016). Though it leads 
the globe in various sectors and 
is as top-ranked in development 
as other first-world countries are, 
the U.S. continues to its down-
ward slide in maternal health. 

The responsibility for the 
country’s low vaccination rates 
is attributed to African-American 
and Hispanic women. Within 
minority health care and ma-
ternal health, minority patients, 
including African-American and 
Hispanic women, frequently en-
counter heightened rates of birth 
complications, negative out-
comes, and fatalities in compar-
ison to their white counterparts. 
This disparity emphasizes the 
urgent need to address maternal 
health inequities, ensuring that 

interventions and support sys-
tems are in place to mitigate the 
risks faced by minority women 
during pregnancy and childbirth.

  In America, the gap is 
ever-widening: pregnancy-re-
lated deaths of Black women 
increased from 34% to 42.8% in 
a four-year span whereas that of 
white women went from 11.8% 
to 12.5% (CDC, 2017). 

 In gynecological health, sta-
tistics for Black women in 2015 
were also alarming (Committee 
on Health Care for Underserved 
Women). Approximately 12% 
of Black women experienced 
infertility within the past couple 
of years, 11/1000 pregnancies re-
sulted in fetal death, and 13/5000 
of those resulted in maternal 
death (Belluz, 2017).  The infant 
mortality rates were more than 
double in the black community 
in comparison to those of Asian, 
White, and Hispanic commu-
nities. Maternal death rates of 
Black/African women were more 
than three times as high as the 
demographic with the sec-
ond-highest rate (Collier, 2019). 

Additional health disparities, 
such as in health literacy and lim-
itations have also had detrimental 
effects on the quality of care 
received by pregnant minority 
women. Social determinants, like 
poverty, employment, housing, 
and access to education,all im-
pact the health of a community 
(Olivero, 2012). In 2012, nearly 
half of the teen pregnancies in 
the state of Connecticut were 
that of Hispanic mothers. They 
were also more likely to face 
unemployment, poverty, and 
housing problems in their region 
of Connecticut. In cases where 
the mother and daughter are 

Figure 2. In the United States, Black mothers face a 3.5-fold increased risk of perishing during 
childbirth compared to their white counterparts. The pregnancy-related morality rate stands at 
40 per 100,000 live births for Black women while it remains at 12 per 100,000 for white women  
(Frostenson, 2017).
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both teenage mothers, it is more 
likely that they lived in the same 
environment for the duration of 
their adolescent and/or adult life, 
therefore making nearly inevi-
table the same 
roadblocks of 
inaccessibility 
to care, medical 
mistrust of their 
healthcare pro-
viders, and not 
keeping up with 
vaccinations, equally affecting 
both generations. Overall, access 
to and lack of information about 
vaccines act to impede the up-
take of antenatal immunizations 
beneficial to both the mother and 
the infant.

Current approaches to ad-
dressing maternal mortality and 
morbidity include the integration 
of educational resources on an-
tenatal care into under-resourced 
communities with high minority 
populations, distribution of in-
formation on vaccine education, 
proper nutrition and exercise 
regimens, and how to assess if 
a woman is entering pregnancy 
with a predisposition to diseases 
like hypertension. These efforts 
serve to educate Black women 
who are or intend to be pregnant 
and are also for the advancement 
of achieving health equity for all 
pregnant minority women and 
informing them on steps they can 
take to ensure positive pregnancy 
outcomes. 

Recommendations resulting 
from research are presenting said 
work at conferences regarding 
maternal health, informing its 
audience of the overwhelming 
presence of health disparity. 
This research is also incredibly 
important to educate members 

of the public on how Black 
women are at the forefront of 
risk, and that disproportionate 
causes of death among Black 
women might reflect differenc-

es in access to 
care, quality of 
care, and preva-
lence of chronic 
diseases. Both 
addressing and 
mitigating the 
current dispari-

ties among Black women is not 
only critical for the well-being 
of pregnant minority women but 
also of vital importance to the 
general public and the future of 
healthcare and medicine for gen-
erations to come. By rectifying 
these inequities, we can improve 
healthcare outcomes and ensure 
that healthcare is equitable, 
accessible, and of high quality, 
setting a more just standard for 
healthcare for the greater good. 
❧
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Fetal Alcohol Spectrum 
Disorder (FASD) refers to 

a range of physical, cognitive, and 
behavioral conditions resulting from 
alcohol exposure during prenatal de-
velopment that persist for a lifetime 
(National Institutes of Health, 2022). 
Currently, alcohol exposure during 
pregnancy is the leading preventable 
cause of congenital anomalies and 
neurodevelopmental disabilities in 
the United States, affecting 1% to 
5% of U.S. first graders (National 
Institutes of Health, 2022). In addi-
tion to the developmental disabilities 
faced by children with FASD, the 
consequences of the stigma asso-
ciated with FASD further impedes 
mothers’ ability to receive proper 
support for themselves and their 
children. FASD poses challenges 
due to gaps in prenatal healthcare 
interventions and screening meth-
ods for maternal alcohol use. The 
prevalence of FASD is marked by 

JULIA BRACCI significant socioeconomic and racial 
disparities (Luong et al., 2017). 
Educational barriers, along with 
pregnancy unawareness, further con-
tribute to the prevalence of FASD. 
There exists an increasing demand 
for evidence-based alcohol screen-
ing and intervention approaches 
within prenatal care settings, as 
well as for initiatives that reduce the 
stigma surrounding FASD.

Pregnancy unawareness and 
lack of education as risk factors 
for FASD

A significant hurdle in preven-
tion of FASD is the unawareness of 
a pregnancy during its early stages. 
Surprisingly, many mothers whose 
children are affected by FASD 
don’t have an alcohol use disorder; 
instead, they were unaware of their 
pregnancy when they consumed 
alcohol (Abadir et al., 2016). One of 
the three most predictive maternal 
risk variables for FASD in a repre-
sentative Midwestern US commu-
nity is late recognition of pregnancy 
(May, 2014). This indicates that 

many cases of fetal alcohol exposure 
occur prior to pregnancy awareness. 
Pregnancy unawareness is a signifi-
cant risk for FASD as alcohol during 
the early stages of gestation is linked 
to more severe cognitive abnormali-
ties (Dejong et al., 2019).  

Racial and socioeconomic dis-
parities in FASD are prominent, and 
are likely due to social and structural 
determinants of health. Black infants 
have been reported to have a 7-fold 
higher risk of FASD than white 
infants (Oh et al., 2023). Education 
level has been identified as a deter-
minant that may be strongly associ-
ated with FASD: Pregnant women 
who did not graduate from high 
school reported a lower prevalence 
of alcohol screening (53.5%) com-
pared with women who graduated 
from high school (83.4%) (Luong et 
al., 2017).  These disparities may be 
due to inequities in prenatal services 
(Singal et al., 2019). Improving 
equitable access to maternal health 
services is a key step in mitigating 
disparities in FASD outcomes. 

Figure 1: Prevalence of age-standardized alcohol screening and brief intervention among pregnant persons in 23 
states and the District of Columbia, 2017 and 2019 (Luong et al., 2019)

Navigating challenges in fetal alcohol spectrum 
disorder (FASD) prevention: From screening methods 
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Imperfections in maternal alco-
hol screening methods

The recommenations from the 
US Surgeon General and Secretary 
of the Department of Health and 
Human Services stress the impor-
tance of abstinence from alcohol 
both before conception and during 
pregnancy (Chang, 2001). Despite 
these recommendations, alcohol 
consumption during pregnancy is 
common and rising. According to 
a study conducted from 2018 to 
2020, 13.5% of pregnant women 
reported current drinking, with 5.2% 
reporting binge drinking, represent-
ing a 2-percentage point increase 
from 2015 to 2017 (Denny et al., 
2019). This alarming rise in alcohol 
consumption during pregnancy high-
lights the urgent need for effective 
prevention and clinical intervention 
methods during the prenatal period. 

A challenge lies in the lim-
itations of alcohol screening tests. 
Methods like blood, urine, and 
breath tests can be useful in detect-
ing alcohol consumption, however 
no marker has the diagnostic sensi-
tivity necessary to be considered a 
biomarker for prenatal alcohol use 
(Bearer et al., 2004). Consequently, 
prenatal care providers often rely on 
maternal self-report to assess alco-
hol consumption during pregnancy. 

Many common self-report 
screening tools widely used by 
primary care clinicians to assess al-
cohol consumption during pregnan-
cy have imperfections. For example, 
the CAGE questionnaire, constitut-
ing 58.6% of screening methods, 
has been found to inaccurately 
detect alcohol misuse in prenatal 
women (Dhalla et al., 2007). A study 
assessing the sensitivity, specific-
ity, and predictive value of brief 
alcohol screening questionnaires in 
identifying problem drinking during 
pregnancy revealed the CAGE tests 
demonstrated poor performance in 
these measures (Green, 2023). This 
lack of effectiveness may be attribut-
ed to pregnant women’s reluctance 

to provide accurate responses to 
alcohol screening questions due to 
social desirability bias. Additionally, 
the CAGE questionnaire assesses 
lifetime alcohol-related issues rather 
than current ones which is less 
relevant to assessing recent prenatal 
alcohol consumption (Dhalla et al., 
2007). 

The US Preventive Services 
Task Force (USPSTF) recommenda-
tion statement suggests employing 
concise screening tools like the 
abbreviated Alcohol Use Disorders 
Identification Test–Consumption 
(AUDIT-C) and the Single Alcohol 
Screening Question (SASQ). AU-
DIT-C and SASQ, result in adequate 
sensitivity, and specificity in iden-
tifying excessive drinking behavior 
in adults and pregnant women (US 
Preventive Services Task Force, 
2018; Burns, 2010). Despite the 
availability of more comprehensive 
testing strategies, very few provid-
ers use tools specifically tailored 
to pregnancy, fewer than half feel 
confident in their screening and 
brief intervention abilities, and 
only two-thirds use evidence-based 
tools recommended by the USPSTF 
(Green et al., 2019). This gap in 
implementation highlights a crucial 
need for increased awareness among 
healthcare professionals regarding 
the effectiveness of evidence-based 
screening tools, such as AUDIT-C 
and SASQ. Notably, beneficial 
universal screening includes those 
that help classify individuals into 
different risk categories: low-risk 
women should receive brief advice, 
those with moderate risk should 
be offered a brief intervention, and 
high-risk individuals should be 
referred to specialized care (Wright 
et al., 2016). 

Inadequacies in interventions 
for women who report alcohol 
use during pregnancy

Equally important to screen-
ing is providing intervention and 
resources for pregnant women who 

engage in prenatal alcohol consump-
tion. According to the USPSTF, 
when pregnant women screen 
positive on a brief screening instru-
ment, clinicians should provide a 
form of counseling intervention (US 
Preventive Services Task Force, 
2018). Despite the importance of 
advice and intervention regarding 
alcohol consumption, many women 
go without this care. According to 
the CDC, in 2017 and 2019, only 
16% of pregnant women who had 
self-reported consuming alcohol 
in the past 30 days received advice 
from a healthcare provider to either 
quit or reduce their alcohol intake 
(Figure 1). In addition only about 
a quarter of expectant individuals 
who underwent alcohol screening 
received guidance from a healthcare 
professional regarding the potential 
harm of alcohol consumption (Fig-
ure 1). Even when pregnant women 
self-report alcohol consumption, 
there is a pervasive deficiency in the 
commitment of healthcare providers 
to deliver interventions and support.

Improving screening and inter-
vention methods for alcohol use 
during pregnancy

The Massachusetts ASAP 
program improves both screening 
and intervention rates for prenatal 
alcohol use. This program uses the 
“ASAP chart checklist” to deter-
mine whether a woman has been 
screened for alcohol use, identify 
any associated risk factors, and 
respond accordingly (Figure 2).  The 
ASAP program provides prenatal 
caregivers a suggested approach 
for delivering brief interventions 
and offering educational materials 
regarding prenatal alcohol consump-
tion (Figure 2). The implementation 
of the ASAP Project resulted in 95% 
of pregnant women being screened 
for alcohol use and 77% screening 
positive for at least one risk factor 
recieved a brief intervention during 
a routine office visit (Kennedy et 
al., 2004). This program is inno-
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Figure 2: Massachusetts ASAP office protocol flow chart made to screen for prenatal 
alcohol usage, initiate intervention, educate, and refer pregnant women for addition-
al assessments or treatment (Kennedy et al., 2004)
vative as it establishes guidelines 
that motivate healthcare workers to 
actively screen for alcohol misuse 
and provide interventions for prena-
tal patients who may otherwise be 
dismissed. 

Combating the stigma attached 
to FASD

 In cases of FASD, ensuring 
that both the parents and child can 
receive proper care is challenging 
due to obstacles such as the stig-
matization of FASD, which affects 
both the child and their parents. In 
a study where 43% of infants tested 
positive for illicit substances, only 
11% of mothers reported drug usage 
(Huestis & Choo, 2002). On an in-
dividual level, fear of losing custody 
may lead many pregnant mothers to 
not disclose their substance use to 
their healthcare provider (Huestis & 
Choo, 2002). Mothers of children 
with FASD may also suffer from 
anxiety regarding possible stigma-
tization and guilt associated with 
personal responsibility attached 
to causing FASD in one’s child. 
(Roozen et al., 2022). Self-blame 
has been shown to negatively impact 
parent-child relationships and con-
tribute to the difficulties of a child 
living with FASD (Roozen et al., 

2022). In addition, social judgment 
and isolation after childbirth may 
negatively impact the experience of 
raising a child with FASD (Roozen 
et al., 2022). The perspective that 
mothers of children with FASD 
are less deserving of support is 
evidenced by the lack of FASD 
philanthropic support; in one survey, 
participants reported that they were 
less likely to allocate money to 
programs supporting mothers of 
children with FASD compared to 
programs supporting mental illness, 
substance use disorder, and incarcer-
ation (Roozen et al., 2022). Future 
focus and priority should revolve 
around establishing comprehensive 
support systems for mothers and 
eliminating the stigma associated 
with their situations.

Conclusion 
 FASD, a preventable disorder, 

has far-reaching consequences for 
both children and their parents. The 
widespread necessity for robust 
screening, brief intervention, and re-
ferral to treatment resources during 
prenatal care checkups is imperative. 
Programs such as the Massachusetts 
ASAP program do a good job at 
enforcing screening and intervention 
protocols that do not always occur 

during prenatal checkups (Kennedy 
et al., 2004). There is a demand to 
assess the effectiveness of exist-
ing screening methods for alcohol 
exposure in pregnant women. Most 
protocols used to detect alcohol 
exposure are designed for normal 
adults and implemented onto preg-
nant women (Dhalla et al., 2007; 
Green et al., 2019). The circum-
stance in which a mother may use 
substances or respond to self-reports 
differ from that of a typical adult, 
signifying the necessity for alcohol 
screening methods tailored specifi-
cally to pregnant women. 

Furthermore, to effectively 
reduce the prevalence of pregnancy 
unawareness and its impact, it is 
beneficial to ensure universal access 
to contraception methods for indi-
viduals with limited resources. In-
creasing funding for resources such 
as planned parenthood that work to 
increase family planning and birth 
control efforts may help decrease the 
likelihood of fetal alcohol exposure 
associated with unwanted, and/
or unknown pregnancy (Planned 
Parenthood, 2023). Furthermore, 
as important as the prevention of 
FASD, is the support of children 
affected by FASD and their mothers. 
Programs such as United Circle of 
Hope work to reduce the stigma of 
FASD through providing mothers 
of children with FASD a platform 
to share their story, amplifying their 
voices (FASD United, 2023). Un-
derstanding the lived experiences of 
mothers of children with FASD, can 
help alter demonizing perceptions 
of such individuals, and help garner 
public support and acceptance. ❧
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“I felt like a farm animal,” 
cried Michele Adana 

after having her hands and feet 
shackled to the bed for 30 hours 
of labor (Anderson, 2021). 
Ms. Adana’s maltreatment has 
become the standard among 
55,000 pregnant inmates in the 
United States (Dufresne, 2023). 
Shackles, a “mechanical device 
that limits inmate’s movement 
and may include handcuffs, ankle 
cuffs, belly chains, or soft re-
straints,” is used to minimize the 
theoretical risk of inmate escape 
or harm during childbirth (Palm-
er et al., 2018). In reality, shack-
les increase birth complications 
and pregnancy risk two-fold; 
compounding upon the other 
unique challenges incarcerated 
women face navigating prenatal 
and postpartum care (Friedman 
et al., 2020). The American 
College of Obstetricians and Gy-
necologists (ACOG), American 
Medical Associ-
ation, American 
Public Health 
Association, and 
American Civil 
Liberties Union 
(ACLU) have 
all condemned shackling during 
pregnancy and established pris-
on-specific recommendations for 
incarcerated mothers (ACLU). 
The shackling of pregnant in-
mates is an outcome of a system 
that does not protect women.  

ISABELLE SHUB

 The physical and emo-
tional detriment of shackling 
during pregnancy has significant 
implications on maternal health 
and fetal development. Outcomes 
related to pain management, 
cervical dilation, and delivery 
safety can be reduced by walking 
around during pregnancy.  This, 
however, is not possible with 
shackles (ACOG). Shackling a 
prenatal inmate increases fall 
complications as their ability 
to break the fall and protect the 
fetus becomes limited (Ferszt, 
2018, ACOG). During labor, 
reduced mobility of the pregnant 
person during childbirth makes 

it significantly 
more difficult 
for the physician 
to maneuver 
the child and 
increases the 
physician’s 

reaction time when performing 
necessary assessments (ACOG, 
ACLU, 2012). The shackles 
themselves cause bruising and 
bleeding on wrists and ankles, 
as well as leaving the infant 
vulnerable to preterm birth and 

decreased birth weight (Fried-
man et al., 2023). Additionally, 
the mother’s first moments with 
their child – skin-to-skin contact 
and breastfeeding – are restricted 
by shackles (Hayes et al., 2020). 
The accumulation of physical 
and psychological stress caused 
by the shackles constitutes a 
traumatic birth which perpetu-
ates the transmission of trauma 
from mother to infant. Traumatic 
births are marked by increased 
maternal cortisol levels which 
can alter fetal development and 
affect maternal physical and 
mental health (Evans, 2015). 
Essentially, shackles strip away 
a mother’s reproductive autono-
my by removing all sacredness 
and tenderness from the birthing 
process. 

 Despite state, federal, 
and international laws prohibit-
ing the use of shackling during 
childbirth, shackling of pregnant 
inmates is commonplace in 
American prisons.  Estelle vs. 
Gamble, a 1976 Supreme Court 
Case, was crucial in improving 
healthcare conditions for in-
mates, ruling that indifference 

Figure 1. “Incarcerated Pregnant People in a 12 Month Period:” A 2016-2017 study of preg-
nancy outcomes on 57% of all female inmates in US prison. (ARRWIP, 2017)

Unshackling women: Labor, delivery, and postpartum 
realities for incarcerated women in the U.S.
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Since 1980, prisons have 
experienced a 500% uptick 
in female inmates, with 
55,000 inmates per year 
pregnant upon admission.
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to healthcare contradicted the 
8th Amendment and constituted 
“cruel and unusual punishment” 
(Allen et al., 2010). Currently, 
36 states have passed legislation 
outlawing the use of shackles 
during labor (Dufresne, 2023, 
Incarcerated Women and Shack-
ling Laws, 2021). Nonetheless, 
82.9% of US prison nurses 
reported witnessing shackle use 
during childbirth despite only 9% 
ever feeling concerned for their 
own safety (Goshin et al., 2019). 
The enactment of federal laws 
does not ensure compliance, es-
pecially in circumstances where 
hospital norms and physician 
opinions contradict explicit 
policies (Goshin et al., 2019). 
Disregarding anti-shackling 
regulations is the antithesis of 
reproductive justice; though re-
productive rights exist on paper, 
they are not protecting America’s 
most vulnerable constituents. 

A dearth of understanding of 
the specific and complex needs 
of women throughout the pris-
on system leaves incarcerated 
women particularly vulnerable. 
The recent focus on mass in-
carceration as “solely a male 

problem” excludes the reproduc-
tive injustice women face (Hayes 
et al., 2020). Since 1980, prisons 
have experienced a 500% uptick 
in female inmates, with 55,000 
inmates per year pregnant upon 
admission (Dufresne, 2023). The 
geography of prisons does not 
reflect these numbers: there are 
more male prisons than female 
prisons. As a result, women are 
forced further away from their 
families, which complicates 
infant placement after release 
(Bergh et al., 2011). Even before 
the child is born, incarcerated 
women face unique challenges 
navigating pregnancy care, such 
as pregnancy testing, abortion 
counseling, HIV treatment, 
adequate food and rest, postpar-
tum contraception, privacy, and 
transparency 
regarding post-
partum infant 
care (Friedman 
et al., 2020). 
Given that 
female inmates 
are three times 
more likely to have experienced 
physical or sexual abuse than 
male inmates, they are at a great-

er risk of entering prison with 
STDs, HIV, bloodborne illnesses, 
mental illness, and addiction. 
Up to 90% of female prisoners 
report mental health distress 
– significantly more than their 
male counterparts (Bergh, 2011). 
The subset of medical and social 
needs of incarcerated women are 
pushing up against a system that 
was not created to serve them. 
In particular, female inmates of 
color bear the heaviest load of 
injustice as they face higher rates 
of incarceration. Half of all fe-
male inmates are African Amer-
ican and two-thirds are women 
of color (Clarke et al., 2013). 
African American women have 
much higher rates of maternal 
mortality, a result of embedded 
racism in the healthcare and 
criminal justice system. Because 
pregnant women are victims to 
a system not designed to protect 
them, shackling becomes a hasty 
solution to a systemic problem.  

 Once the baby is delivered, 
an incarcerated mother faces a 
new set of challenges in forming 
a strong bond with her infant. 
Prison nurseries provide the post-
partum mother with opportunities 
to live with her child; the under-
lying structure of the US prison 
system, however, does not allow 
for their widespread use. After 
a traumatic and shackled birth, 

mothers experience 
significant diffi-
culty connecting 
with their infant, 
given that they are 
usually separated 
within 24 hours of 
delivery (Hayes 

et al., 2020). The United States 
is among a tiny list of coun-
tries – Liberia, Bahamas, Suri-

Figure 2: Anti-Shackling Laws by State. As a general trend, more coastal and typically 
democratic-leaning states tend to have anti-shackling legislatio (Ferszt et al., 2018)

Mothers receive a vari-
ety of services including 
parenting classes, dis-
charge counseling and 
crisis intervention. 
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name – that tolerate separating 
children from inmate mothers 
immediately  after birth (Warner, 
2015). Without prison nurseries, 
incarcerated mothers must decide 
between placing their child 
with family, up for adoption, 
or into the foster care system. 
This can be incredibly difficult 
due to the short timeline of the 
Adoption and Safe Families Act, 
which requires the child be put 
up for adoption if the mother 
has at least a 15-month sen-
tence. Though placing the child 
with their family seems like an 
effective alternative, only 37% 
of incarcerated women report 
feeling comfortable or able to 
place the child with their father 
(Warner, 2015). In contrast to 
incarcerated men, incarcerated 
women are five times more likely 
to place their child in the foster 
care system (Warner, 2015). 
Prison nurseries would allow the 
mother to spend up to 18 months 
with their child. The Bedford 
Hills Correctional Facility Prison 
Nursery Program, the oldest US 
prison nursery, is a model for the 
program. Mothers receive a vari-
ety of services including parent-
ing classes, discharge counseling 
and crisis intervention. Effective 
at reducing recidivism rates and 
increasing mother-child attach-

Figure 3. “State policy drives women’s incarceration growth”. Rise in female inmates in US 
prisons over the last 100 years (Prisn Policy, 2018).

ment, prison nurseries still func-
tion in the confines of prison and 
cannot free the mother from the 
psychological distress inherent 
to the place. Given the limited 
number of female prisons, prison 
nurseries are even more limited 
with only eight states offering 
their services (Kennedy et al., 
2020). 

A systemic eradication of 
shackling pregnant women 
during childbirth and the inte-
gration of prison nurseries is 
crucial for the health and safety 
of incarcerated women and their 
children in the United States. The 
prison backdrop limits the moth-
er’s autonomy to create a warm 
environment for the infant while 
they have to balance their role as 
inmate and mother (Kennedy et 
al., 2020). Many organizations 
scattered around the United 
States have stepped up to fight 
for the rights of incarcerated 
women. Motherhood Beyond 
Bars in Georgia and Women 
and Infants at Risk in Michigan 
offer comprehensive support for 
incarcerated mothers through ad-
vocacy and programming. Both 
Washington and Minnesota have 
passed laws to extend doula sup-
port to incarcerated women given 
their proven efficacy in reducing 
mortality (Friedman, 2020). 

Steady progress through grass-
roots efforts have been helpful, 
yet a societal responsibility to en-
sure reproductive freedom for in-
carcerated women still remains. 
Advocacy from physicians and 
reproductive justice supporters 
is crucial in passing legislation 
protecting female inmates – as 
well as women before they are 
incarcerated. Further, given the 
intersectionality of reproductive 
justice during incarceration with 
a myriad of factors — racism, 
sexism, socioeconomic status, 
demographics, homophobia, 
classism, ableism, environmental 
racism — the efforts of all wom-
en, individuals, and communities  
are crucial in the fight. ❧
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Medical nonadherence 
is a growing threat to 

America’s current healthcare 
system. Defined as patients 
not following treatment plans 
(typically regarding prescription 
medication) laid out by their 
doctors, medical nonadherence 
puts thousands in danger every 
year. It is said that “nonadher-
ence can account for up to 50% 
of treatment failures, around 
125,000 deaths, and up to 25% of 
hospitalizations each year in the 
United States” (Kim et al., 2018). 
This poses a significant question: 
what leads patients to medical 
nonadherence and how can this 
be addressed? Nonadherence 
stems from various sources, such 
as lack of access to information 
and failure to properly communi-
cate with patients. Lack of access 
to information is a large-scale 
issue that is best 
addressed by pol-
icy, such as the 
recent FDA pro-
posal requiring 
a one-page fact 
sheet on every prescription drug. 
On the other hand, effective con-
nection with the patient requires 
facilitating a strong patient-phy-
sician relationship where the 
patient’s background is taken 

ALISSA DURA-
KOVIC

into consideration. Thus, to truly 
address this complex problem, it 
must be analyzed from these two 
perspectives. 

Medical information is one 
of the greatest factors that affects 
non-adherence, with many 
patients not having a proper 
understanding of the relevant 
medical information about their 
conditions and treatments. This 
is defined as health literacy, or 
the “degree to which individuals 
have the ability to find, under-
stand, and use information and 
services to inform health-related 
decisions” (Health Literacy, 
2022). Over a third of Americans 
(77 million) indicate that they 
would have trouble understand-

ing and following 
basic medical 
information such 
as immunization 
schedules or 
instructions on 

prescription drugs (Kutner et al., 
2006). This indicates that an in-
crease in access to quality infor-
mation can potentially improve 
adherence rates, this information 
limiting misunderstandings and 

unintentional non-adherence, 
while also reaffirming those who 
may be hesitant with evidence on 
efficacy and common side effects 
(Jimmy and Jose, 2011).

However, current approaches 
to medical education often ignore 
the health literacy level of the av-
erage American. While the FDA 
requires that specific high-potent 
drugs have some sort of medica-
tion guide, there is no regulation 
that requires information on all 
prescription drugs. While the 
private industry attempts to fill 
this gap with informational leaf-
lets provided through  Consumer 
Medical Information (CMI), 
these leaflets are not regulated 
whatsoever. Consequently, these 
guides only meet basic infor-
mation requirements about 70% 
of the time, presenting infor-
mation with small text, lengthy 
documents, and heavy jargon. 
As such, a survey evaluating 
the accessibility of a CMI for 
three common prescription drugs       
indicated that on average only 
38% of participants indicated 
that they would be likely to      
actually read the CMI (Aker et 

Figure 1: Sample of an effective pictogram. (A) Do not crush; (B) Do not drive; (C) Take with 
food; (D) Do not take with alcohol or drug (Merks et al., 2021).

Addressing medical non-adherence: 
The micro and macro levels of prescrip-

tion drug treatment

First-Year Liaison

An increase in access to 
quality information can 

potentially improve med-
ical adherence rates.

VIVEK RAO
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al., 2013). Thus, more stream-
lined and accessible medication 
guides are needed. 

Fortunately, the FDA has 
recently proposed the incorpo-
ration of a new guide, Patient 
Medical Information (PMI), 
which would be attached to all 
prescription drugs. If properly 
executed, this new PMI would be 
a significant step towards a more 
health-literate society, decreasing 
medical non-adherence. The PMI 
is a single-page document that 
would be created by the manu-
facturer of the drug and reviewed 
by the FDA. This guide would 
be attached to each prescription 
drug sold, offering consistent for-
mal health education that is not 
only accessible but also credible. 
It would include 4 key compo-
nents: [Drug name] is, Important 
Safety Information, Common 
Side Effects, and Directions for 
Use. Moreover, unlike the CMI, 
the PMI 
incorporates 
the find-
ings of past 
work done 
on creating 
accessible and inviting medical 
information. Indeed, the guide-
lines require all text to be greater 
than 10 font, use conversational 
language, and incorporate all 
text into the four main headings. 
Studies evaluating the accessibil-
ity of the PMI and the CMI re-
port that PMI participants scored 
on average 36.7% higher than the 
CMI participants on comprehen-
sion tests and almost double the 
percentage of participants indi-
cating they would likely read the 
PMI rather than the CMI (Aker 
et al., 2013). In other words, 
these interventions take into 

account important nuances about 
how medical information is best 
shared, which could potentially 
increase national adherence rates.

  However, this new proposal 
is not sufficient on its own to 
truly address medical non-ad-
herence. For instance, some of 
the guidelines are rather vague. 
The proposal repeatedly men-
tions that the text in the guides 
should be “clear and concise” 
without any definition of what 
that entails. The proposal would 
benefit from a more rigid mecha-
nism, such as a limiting sentence 
length (8-10 words) which has a 
strong correlation with compre-
hension (Badarudeen & Sabhar-
wal, 2010). Additionally, the 
proposal specifically prohibits 
the use of pictograms, explaining 
that cultural differences make 
the images hard to interpret, and 
the additional cost is not war-
ranted. However, a recent review 

indicates that, 
when combined 
with written 
explanations, 
pictograms can 
convey infor-

mation more effectively for those 
who struggle with general liter-
acy, even considering cultural 
differences (Sedeh et al., 2022). 

Another hurdle for dissemi-
nating medical information and 
reducing non-adherence is the 
rapid growth of misinformation 
which seems to be primarily 
spread through social media. The 
most effective way to combat this 
misinformation, however, is by 
providing more accurate infor-
mation from credible institutions. 
This responsibility falls on more 
than just the FDA, it is important 
for other reputable health institu-

tions, such as the AMA, nation-
wide hospitals, and the CDC to 
consistently share content and 
view social media   as a powerful 
tool that can advance medical in-
formation (Chen & Weng, 2021). 

Furthermore, limited knowl-
edge of one’s condition fosters 
non-adherence as it can cause a 
breakdown in communication 
between patient and physician, 
leading patients to distrust or feel 
disconnected from healthcare 
providers. In an investigation of 
patient distrust in pharmaceuti-
cal companies, it was found that 
patients who had not heard of 
their condition prior to diagnosis 
were one of the top three groups 
who declared distrust. Receiving 
a diagnosis is a stressful situation 
for any patient, especially if said 
patient lacks an understanding 
of the pathology of their con-
dition. It has long been known 
that “difficulties in the effective 
delivery of health care can arise 
from problems in communication 
between patient and provider 
rather than from any failing in 
the technical aspects of medi-
cal care.” Hence, it is essential 
that healthcare providers create 
a space for patients that allows 
for open inquiry and discussion 
of concerns—in relation to both 
their condition and treatment 
plan (Teutsch, 2023). Medicine 
has been, in recent decades, 
moving from blind following 
of physician recommendations 
“toward shared decision-making” 
(Teutsch, 2023). Patients value 
agency in their treatment plans 
more now than they have previ-
ously, meaning they need more 
space in the conversation if an ef-
fective plan is to be established. 

Additionally, the identities of 

We cannot expect people to 
trust the guidance of our 
healthcare system if they feel 
it has left them behind. 
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patients prove a significant factor 
in analyzing distrust. The same 
study found that women also 
expressed high levels of distrust 
and were “more reluctant to join 
drug trials than men” (Pahus et 
al., 2023). Furthermore, a 2019 
survey of gender bias in health-
care found that 20% of female 
participants have felt that their 
symptoms were dismissed by 
a healthcare provider and 17% 
felt they were treated differently 
because of their gender, com-
pared to “14% and 6% of men,    
respectively” (Paulsen, 2020). 
It was found that “compared 
with male patients, women who 
present with the same condi-
tion may not receive the same 
evidence-based care” (Paulsen, 
2020). If women do not feel 
secure in their treatment plan 
or that their concerns have been 
properly addressed, distrust 
begins to develop. We cannot ex-
pect people to trust the guidance 
of our healthcare system if they 
feel it has left them behind. 

A look into clinical trial 
practices provides some insight 
into this disparity. Recruitment 
bias, which refers to how narrow 
eligibility (based on identity, 
location, etc.) for clinical trials 

Figure 2: A conceptual framework of factors influencing the patient-physician relationship 
used in a Vanderbilt Inpatient Cohort Study. (Meyers et al., 2014)

can skew which populations 
are represented, leading to less 
comprehensive treatment options 
for those who are not represent-
ed. Due to variable hormone 
levels and the fact that women 
are capable of child-bearing, 
women have often been left out 
of clinical trials—researchers 
fearing they could not control 
these variable levels and adverse 
side effects to fetuses—leading 
to less comprehensive care op-
tions. If women do not feel they 
can voice their concerns to physi-
cians who listen and pharmaceu-
tical research continues to leave 
them behind, distrust and subpar  
treatment will only continue. 

Rural populations also 
report higher levels of distrust, 
mostly specifically those who 
misuse drugs. In a qualitative 
study of this population, partici-
pants reported “breaches of trust 
by healthcare providers, often 
involving law enforcement and 
Emergency Medical Services, 
that dissuaded them from ac-
cessing medical care” (Ellis et 
al., 2020), including disclosure 
of protected health information 
to law enforcement and forced 
medical procedures. Moreover, 
those who use drugs, whether 

prescription or not, are often at 
higher risk for various infections. 
However, these individuals use 
primary care less and Emergen-
cy Medical Services more than 
those who do not use prescrip-
tion drugs—indicating a reluc-
tance to use medical care unless 
absolutely necessary, specifically 
due “to anticipation of stigma or 
mistreatment”(Ellis et al., 2020). 
This isolation from healthcare 
not only fosters further distrust 
but also puts these patients at 
higher risk for complications  
and non-adherence. 

The question becomes: how 
can physicians work to build 
trust with their patients? A key 
step seems to be making space 
in the office for patients to voice 
their concerns and ask questions 
of a non-judgmental physician. 
For “a successful and humanis-
tic encounter at an office visit, 
one needs to be sure that the 
patient’s…concerns have been…
specifically solicited and ad-
dressed…the clinician must gain 
an understanding of the patient’s 
perspective on his or her illness” 
(Teutsch, 2003). Ultimately, if 
physicians do not make the effort 
to understand their patients, cre-
ate welcoming spaces, and strive 
for meaningful connections they 
risk the health of their patients. 

However, this is not an 
all-encompassing solution. 
Many still lack access to com-
prehensive healthcare (e.g. those 
without insurance), meaning 
many will not make it to the of-
fice in the first place. Steps must 
be taken to engage with these 
groups and bridge healthcare 
disparities if significant change 
is to be made. The issue with this 
is that what these steps are is not 
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is to be made. The issue with this 
is that what these steps are is not 
entirely clear. However, working 
to improve accessibility seems to 
be a good first step. Establishing 
a multilingual healthcare sys-
tem could become a priority or 
growing telehealth could become 
a focus to increase the flexibility 
and accessibility of primary care. 
Addressing systemic issues in the 
healthcare system is no easy feat 
but progress is possible. 

The current limitations of 
healthcare must be acknowl-
edged, both in reference to issues 
in prescription drug treatment 
and the patient-physician rela-
tionship. On the macro level, 
health literacy is a powerful 
tool that can allow us to ad-
dress non-adherence. While 
current proposals show prom-
ise, much work must be done 
by reputable institutions to 
combat medical misinforma-
tion and reduce the clinical 
and economic implications of 
non-adherence. On the micro 
level, medical education 
must emphasize compassion, 
integrity, and clear commu-
nication as necessary skills in 
being a physician. There must 
be emphasis on the point that 
being a good doctor goes beyond 
excellent technical skills. Being 
a good doctor requires emotion-
al intelligence, openness, and 
empathy. In making accessibility 
a priority, thousands of lives can 
be saved every year. Through ad-
dressing the roots of non-adher-
ence, providing better care—for 
everyone—can become more of 
a reality. ❧ 



82 Emory Undergraduate Medical Review, Fall 2023

REFERENCES
Aker J, Beck M, Papay JI, Cantu T, Ellis M, Keravich D, Bibeau K. Consumers Better Understand and Prefer Simplified Written Drug Information: 

An Evaluation of 2 Novel Formats Versus the Current CMI. Ther Innov Regul Sci. 2013 Jan;47(1):125-132. doi: 10.1177/0092861512462371. 
PMID: 30227488.

Badarudeen, S., & Sabharwal, S. (2010). Assessing Readability of Patient Education Materials: Current Role in Orthopaedics. *Clinical Orthopae-
dics and Related Research*, 468(10), 2572–2580. doi:10.1007/s11999–010–1380–y.

Chen J, Wang Y. Social Media Use for Health Purposes: Systematic Review. J Med Internet Res. 2021 May 12;23(5):e17917. doi: 10.2196/17917. 
PMID: 33978589; PMCID: PMC8156131.

Dean, L. T., Moss, S. L., McCarthy, A. M., & Armstrong, K. (2017, December). Healthcare system distrust, physician trust, and patient discordance 
with adjuvant breast cancer treatment recommendations. *PubMed*.

Ellis, K., Walters, S., Friedman, S. R., Ouellet, L. J., Ezell, J., Rosentel, K., & Pho, M. T. (2020, November 10). Breaching trust: A qualitative study of 
healthcare experiences of people who use drugs in a rural setting. *PubMed Central (PMC)*. [https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC8022503/](https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8022503/)

Health literacy. Health Resources and Services Administration. (n.d.). https://www.hrsa.gov/about/organization/bureaus/ohe/health-literacy#:~:-
text=Personal%20health%20literacy%20is%20the,actions%20for%20themselves%20and%20others. 

Jimmy B, Jose J. Patient medication adherence: measures in daily practice. Oman Med J. 2011 May;26(3):155-9. doi: 10.5001/omj.2011.38. PMID: 
22043406; PMCID: PMC3191684.

Kim, J., Combs, K., Downs, J., & Tillmann III, F. (2018, January 19). Medication adherence: The elephant in the room. *U.S. Pharmacist – The 
Leading Journal in Pharmacy*. [https://www.uspharmacist.com/article/medication-adherence-the-elephant-in-the-room#:~:text=Nonad-
herence%20can%20account%20for%20up,chronic%20medications%20is%20around%2050%25](https://www.uspharmacist.com/article/
medication-adherence-the-elephant-in-the-room#:~:text=Nonadherence%20can%20account%20for%20up,chronic%20medications%20
is%20around%2050%25)

Kish-Doto, J., Scales, M., Eguino-Medina, P., et al. (2014). Preferences for Patient Medication Information: What Do Patients Want? *Journal of 
Health Communication: International Perspectives*, 19, 77–88. doi:10.1080/10810730.2014.946114.

Kools, M., Ruiter, R. A., van de Wiel, M. W. J., et al. (2007). The Effects of Headings in Information Mapping on Search Speed and Evaluation of a 
Brief Health Education Text. *Journal of Information Science*, 34(6), 833–844. doi:10.1177/0165551508089719.

Kutner et al., (2006, September 6). The Health Literacy of America’s Adults: Results from the 2003 National Assessment of Adult Literacy. National 
Center for Education Statistics (NCES) Home Page, a part of the U.S. Department of Education. https://nces.ed.gov/pubsearch/pubsinfo.
asp?pubid=2006483 

Meyers AG, Salanitro A, Wallston KA, Cawthon C, Vasilevskis EE, Goggins KM, Kripalani S. Determinants of health after hospital discharge: 
rationale and design of the Vanderbilt Inpatient Cohort Study (VICS). *BMC Health Serv Res*, 14, 10. doi: 10.1186/1472-6963-14-10.

Pahus, L., Suehs, C. M., Halimi, L., Bourdin, A., Chanez, P., Jaffuel, D., Marciano, J., Gamez, A., Vachier, I., & Molinari, N. (2020, August 13). 
Patient distrust in pharmaceutical companies: An explanation for women under-representation in respiratory clinical trials? *BioMed Cen-
tral*. [https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-020-00509-y#citeas](https://bmcmedethics.biomedcentral.com/
articles/10.1186/s12910-020-00509-y#citeas)

Pearson, S. D., & Raeke, L. H. (2000, July). Patients’ trust in physicians: Many theories, few measures, and little data. *PubMed Central (PMC)*. 
[https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1495476/](https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1495476/)

Raynor, D. K., & Dickinson, D. (2009). Key Principles to Guide Development of Consumer Medicine Information—Content Analysis of Informa-
tion Design Texts. *The Annals of Pharmacotherapy*, 43(4), 700–706. doi:10.1345/aph.1L522.

Sedeh, F. B., Arvid Simon Henning, M., Mortensen, O. S., Jemec, G. B. E., & Ibler, K. S. (2022). Communicating with patients through pictograms 
and pictures - a scoping review. *J Dermatolog Treat*, 33(6), 2730-2737. doi:10.1080/09546634.2022.2068790. Epub 2022 Jun 10. PMID: 
35440279.

Merks, P., Cameron, J., Bilmin, K., Świeczkowski, D., Chmielewska-Ignatowicz, T., Harężlak, T., Białoszewska, K., Sola, K. F., Jaguszewski, M. 
J., & Vaillancourt, R. (2021). Medication Adherence and the Role of Pictograms in Medication Counselling of Chronic Patients: a Review. 
Frontiers in pharmacology, 12, 582200. https://doi.org/10.3389/fphar.2021.582200

Meyers AG, Salanitro A, Wallston KA, Cawthon C, Vasilevskis EE, Goggins KM, Kripalani S. Determinants of health after hospital discharge: 
rationale and design of the Vanderbilt Inpatient Cohort Study (VICS). *BMC Health Serv Res*, 14, 10. doi: 10.1186/1472-6963-14-10.

articles/10.1186/s12910-020-00509-y#citeas)

IMAGE REFERENCES



83Emory Undergraduate Medical Review, Fall 2023

Fifty-one 
percent of 

global blindness in low-income 
countries is accounted for by a 
screenable and treatable disease: 
cataracts. While healthcare has 
become increasingly globalized, 
the distribution of resources is 
still heavily skewed, often dis-
proportionately placing a cataract 
burden on people with lower 
socioeconomic statuses (Fang et 
al., 2022). This is largely due to 
a reliance on analysis by retina 
specialists and trained human 
graders, who are often scarce at 
an international scale (Balyen 
& Peto, 2019). This problem is 
especially prevalent in South 
Asia, where income levels and 
access to cataract screenings are 
low while incidence of vision im-
pairment is high. In fact, out of 
the 52.90% of visually impaired 
patients among a study of 1,960 
older adults in Nepal, 68.07% 
of visual impairment (includ-
ing 43.33% of blindness) was 
caused by cataracts (Thapa et al., 
2018). Artificial Intelligence (AI) 
offers a solution with telediag-
nosis made possible through 
Convolutional Neural Networks 
(CNNs). These machine learning 
(ML) methods are highly accu-

MATHIEU RIHET rate, with an average of 94.8% 
sensitivity and 96.0% specificity 
in cataract diagnosis (Cheung, 
2022). Moreover, they can be 
utilized to foster greater access 
to diagnosis and treatment due to 
economic efficiency. However, 
AI, especially CNNs, often draw 
on “black box” algorithms, in 
which the human perspective can 
only see the inputs and outputs 
of the AI but not the methodolo-
gy used to reach its conclusion. 
As CNN software tries to take 
the shortest possible route to 
diagnosis, oftentimes, it links 
socioeconomic background or 
external factors to diagnosis, 
as seen through international 
case studies. Overall, regarding 
cataract screening in Nepal, AI is 
promising as current innovations 

work to create more diverse data-
sets to reduce bias and increase 
accuracy, making them a more 
economical and accessible tool to 
eye camps with the potential to 
aid global cataract screening.

At the surface level, ML 
methods appear highly accurate 
and efficient. Literature review-
ing the efficacy of ML methods 
to screen for various ocular 
diseases, such as glaucoma and 
diabetic retinopathy, reveals a 
high accuracy of these methods 
— seen in particular with one 
model that offered a sensitivi-
ty of 95.6% and specificity of 
92.0% (Lokman & Tunde, 2019). 
In recent years, this approach has 
targeted cataracts. One potential 
cataract screening model for 
implementation used 37,638 

Figure 1. Illustration of the process of AI-enabled diagnosis using a 
deep-learning (DL) algorithm as compared to traditional methodology. 
While the total number of steps is similar, the timing and accuracy greatly 
change in the step post-imaging, illustrating the efficiencies of AI. (Gunase-
keran & Wong, 2020)

Envisioning a brighter future: The effective-
ness of AI-enabled techniques for cataract 

screenings in Nepal

First Year Liaison

SARA GARG
First Year Liaison
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training images and offered “ex-
cellent diagnostic performance” 
(Ting et al., 2019). Another 
ML-enabled screening software 
was tested in Nepal and showed 
great promise regarding adult 
cataract diagnosis with 94.8% 
sensitivity and 96.0% specificity 
(Cheung, 2022).

Despite the accuracy of ML 
diagnosis, these methods may 
overlook subtleties inherent to 
the disease and diagnosis. Past 
research on glaucoma, anoth-
er ophthalmologic condition 
leading to blindness, found that 
the algorithm often failed to 
diagnose patients with multiple 
illnesses, such as when a patient 
being screened for glaucoma 
also had 
myopia 
(Lokman 
& Tunde, 
2019). 
This is not only detrimental to 
overall accuracy, but also fos-
ters systemic bias against social 
groups more likely to have mul-
tiple diseases. Often, these social 
groups are those with lower 
socioeconomic statuses who may 
not have had the resources to 

get other diseases diagnosed or 
treated before arriving in the eye 
camp. This is exemplified by the 
correlation between lower vision 
and ocular health in disadvan-
taged living situations in England 
— a correlation likely to hold 
true in Nepal (Yip et al., 2014). 

Moreover, bias in the al-
gorithms, largely due to the 
under-representation of certain 
groups in datasets, offers com-
plexity to the question of cataract 
screening’s accuracy. Black-box 
deep learning methods, often uti-
lized for ML-enabled diagnosis, 
allow for the analysis of subtle 
data features, but the algorithm 
often bypasses this nuanced anal-
ysis. This is especially detrimen-

tal for minority populations often 
underrepresented in datasets as 
seen in Figure 2. In South Asia, 
cataract data trends likely follow 
those for access to Cataract 
Surgical Coverage (CRC), as 
both require access to resources 
and ophthalmologic profession-

als. In a 2017 study, CRC in 
every country analyzed in South 
Asia was lower among women 
than men (Khanna & Murthy). 
In Nepal specifically, CRC 
deficiency was greater among 
illiterate populations (Khanna 
& Murthy, 2017). Inequities in 
Nepal appear particularly stark 
as even in 2016, there were only 
3.15 healthcare workers per 1000 
population members, a ratio that 
grew even more skewed during 
the pandemic (Neupane et al., 
2021). Thus, the social determi-
nants of health are seen to pro-
foundly impact routes to cataract 
treatment globally.

A solution for these potential 
biases lies in a greater diversi-

ty of data 
collection, 
primarily 
focused on 
training 

models on representative popula-
tions of the groups they will aid. 
Current data collection methods 
reflect economic inequities, as 
seen with only country-wide 
CRC data being available for 
countries with lower GDPs. In 
contrast, wealthier countries had 

Figure 2. An extreme case study demonstrates how bias in machine learning enabled diagnosis might occur. (Gu-
nasekeran & Wong, 2020)

Out of the 52.90% of visually impaired patients among a study 
of 1,960 older adults in Nepal, 68.07% of visual impairment 

(including 43.33% of blindness) was caused by cataracts. 



85Emory Undergraduate Medical Review, Fall 2023

state and regional data (Khanna 
& Murthy, 2017). While this 
limits the diversity of datasets, 
current research is working to 
address these problems; for 
example, more ophthalmologic 
studies have 
been drawn 
from more 
diverse Asian 
populations 
instead of 
US-centered 
studies (Rua-
mviboonsuk 
et al., 2020). This approach will 
help make cataract screening — 
in fact, all AI — less prone to 
bias and make it more ethical to 
implement AI-centered screen-
ings for cataracts. However, 
much is yet to be done due to 
an inability to merge cataract 
datasets because of the lack of 
uniformity and quality in any 
commonly found dataset type 
(Shweikh, 2022).

A universal objective is to 
make healthcare accessible to 
all—to verify AI’s broader global 
impact, it must be explored 
through an economic lens. Tradi-
tional eye camps fall under man-
ual cataract screenings and have 
seen tremendous growth in sus-
tainability and efficiency in rural 
areas over the last decade. This 
progress is mainly due to the Ar-
avind Eye Care System (AECS), 
operating primarily in India. In 
2018-2019, the AECS screened 
more than 500,000 patients, 
performing 90,000 cataract-re-
lated surgeries through 2,800 eye 
camps (Natarajan, 2019). Despite 
these advances, however, the eye 
camps’ international outreach is 
low—they almost only operate in 
India, with almost no infrastruc-

ture set in other rural countries 
(Health Market Innovations, 
2022). Further critique has been 
placed on the AECS for unsafe 
conditions and environments, 
leaving certain individuals 

attending 
eye camps 
worse than 
previously 
unattend-
ed. Setting 
up an eye 
camp can 
also be 

costly and requires volunteer 
training, which can be extremely 
time-consuming and inefficient 
in rural areas (Schehlein, 2021). 
Despite its promise, this system 
has many potential flaws that are 
difficult to address when envi-
sioning a brighter future. 

However, the technologi-
cal advances of AI provide an 
answer to these flaws. Multiple 
imaging modalities, such as 
Fundus and slit-lamp images, 
classify cataracts—a processed 
diagnosis from a simple picture. 

Medical organizations should 
place more resources into un-
derstanding the effectiveness of 
using AI in healthcare and how 
its implementation could lead to 
the globalization of eye care.

These classifications achieved 
82.1% and 82.9% true positive 
rates in training and tests (Wan 
Zaki et al., 2022). These results 
are auspicious for such novel 
technology.  AI diagnosis could 
be a future avenue for eye camp 
screenings and in-home testing 
for those with access to internet 
connection. Some problems were 
already raised in this research 
model, such as the extensive time 
preprocessing a single image 
takes. Many models were pro-
posed to remedy this problem, all 
with some drawbacks; the search 
for the perfect model is still in 
the early stages of development 
(Wan Zaki et al., 2022). 

A specific investigation on 
cataract screening access in Ne-
pal has demonstrated the ubiq-
uitous access AI technology can 
provide (Cheung, 2022). Current 
initiatives often rely on a single 
ML model, such as the single 
deep-learning system implement-
ed to screen for glaucoma, AMD, 
and DR (Gunasekeran & Wong, 
2020). That innovation marked a 

Figure 3. Illustrates the AECS eye camp’s outreach in India. The location markers 
each represent an eye camp location with the different colors corresponding to differ-
ent regions (Aravind Eye Care). 



change to the prevalent forms of 
ML diagnosis where, in the past, 
new models were needed for 
each disease, often impossible 
for those without the technical 
experience and again limiting 
the scope of accessibility in 
underserved areas such as Nepal. 
In Nepal, populations in moun-
tainous regions require hours of 
travel to see a health practitioner, 
as most hospitals and pharmacies 
are concentrated in the country’s 
central region (Cheung, 2022). 
Moreover, the financial barri-
er imposed by private practice 
bridges a gap between the rural 
population of Nepal and its 
healthcare system; eye specialists 
are also uncommon in the coun-
try. Many eye camps following 
the AECS model opened in rural 
areas of Nepal. However, the 
limitations imposed by this mod-
el caused the cataract diagnosis 
agreement to have a specificity 
of kappa = 0.623—too low. As 
a result, one AECS eye camp in 
Nepal started experimenting with 
using convoluted neural net-
works and cataract classification 
systems to screen their patients. 

 The base case study 
processed a sample of 22,805 
patients in Nepal attending an 
AECS eye camp over one year. 
The machine learning-based 
camp detected 31 cases of 
cataracts and 2546 additional 
non-cataract cases, totaling 2577 
correct cases compared to the 
traditional eye camps. Regard-
ing cost-effectiveness ratios, the 
average cost per cataract case 
detected was $23.87, while the 
conventional eye camps were 
$45.89—the machine learning 
camp was almost half as expen-
sive as a traditional eye camp 

(Cheung, 2022). Every statistic 
from this case study in Nepal 
concludes that eye camps incor-
porating AI are more cost-effi-
cient and precise. 

Moreover, future technologi-
cal advancements offer great po-
tential to further increase access. 
AI-based automated software 
being developed uses fundus 
photography taken using a smart-
phone-based device and has very 
high sensitivity for detecting di-
abetic retinopathy (Ruamviboon-
suk et al., 2020). This potential 
mass screening tool could be 
applied to cataract screening and 
help reduce the prevalence of this 
treatable disease. 

In today’s globalized world, 
one can question how the AI 
camp model in Nepal could 
be applied to every AECS eye 
camp. Eye care in South Asian 
countries is known to be meager; 
the issue of cataracts remains 
pervasive. Although AI does 
carry complication surrounding 
bias, it is growing more accurate, 
economically viable, and acces-
sible than traditional methods, 
making it appear overall effective 
for future eye camps in Nepal. 
This case study shines a light on 
the powers of AI for holistic eye 
care in rural areas—a clear call 
to action that medical organiza-
tions should place more resourc-
es into the effectiveness of AI in 
healthcare and how it could lead 
to the globalization of eye care. 
❧ 
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