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LET TER FROM THE EDITOR

Open Doors, Open Minds

Dear Reader,

The end of the year is a time for reflection on the past and preparation for the future. As students and scientists, 
we have the privilege and responsibility to learn about how our world exists and think critically about these dynam-
ics. This semester on TuftScope, we have focused our discussions on immigrant health and how best to address the 
nuanced challenges and needs of immigrant families in the United States. We hosted our annual panel event on this 
topic, with a fruitful discussion between a physician, a lawyer, and an educator. Interdisciplinary collaboration and 
debate is at the core of TuftScope’s mission to promote discourse in health, ethics, and policy, and inside this issue 
of our journal, you will find a rich breadth of topics from a wide range of perspectives. Together, our authors look 
toward a better future, with more accessible and equitable health care for all, higher quality education and research, 
and novel clinical methods with the potential to save and improve countless lives.

Going with this semester’s theme of immigrant health, Jamie Tebeau interviews Dr. Carolyn Rubin, a public 
health professor who has dedicated her career to addressing health disparities, particularly among low-income and 
immigrant communities in the local Boston area. Annie Phan further discusses immigrant health, with an editorial 
about transferring undocumented immigrant patients to states with better medical coverage. Leanne Loo also looks 
at health disparities, particularly among LGBTQ communities in sub-Saharan Africa, and Grace Perry provides 
insight into issues of oral health in Latin America and the Caribbean. Looking forward, Helen Mizrach investigates 
the effects of climate change on foodborne illnesses and highlights yet another reason why environmental action 
must be prioritized.

The science reports in this issue provide exciting glimpses into clinical advances that could have far-reaching 
impacts on health. Kurtis Chien-Young explains the role of the mitochondrial genome in Alzheimer’s Disease, and 
Alec Tyminski provides a concise summary of novel neuroscience research relating to generalized anxiety disorder. 
Moving from the brain to the heart, Yasaman Khorsandian discusses fascinating progress in bioengineering a blood 
vessel using stem cells.

These advances in public health and medicine would not be possible if not for high quality education and research, 
and the ability to challenge the systems in place. In this journal, Caroline Smith explains the structural barriers to 
marijuana research, and Sanjana Puri provides evidence for the inadequacy of current diagnostic procedures for 
schizophrenia. Further interrogating our health-related systems, Zachary Berman discusses issues relating to our 
societal definition of death. Lastly, Ursula Biba and Jamie Tebeau touch upon issues close to many of our hearts — 
the educational experiences of first-generation college students and pre-health students.

I hope that the problems and solutions described in this journal open your mind and provoke a craving for prog-
ress. We each play a crucial role, no matter the scale. One recent progressive success was the Tufts dining workers’ 
victory in achieving a fair contract, and TuftScope would like to congratulate the dining staff and all the students and 
community members who took action and made their voices heard.

Finally, I’d like to say thank-you to everyone who has made my four years with TuftScope so inspiring and 
rewarding, and I cannot wait to see the continued growth of the journal. I’d also like to dedicate my final issue of the 
journal to my mother, a brilliant scientist and immigrant who spent her life caring deeply for others and finding ways 
to progress society forward. She opened every door for me, and we owe it to the countless people with similar stories 
to hers to maintain a society and healthcare system that is open, equitable, and accessible to all.

Sincerely,
Tira Oskoui
Editor-in-Chief
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NEWS BRIEFS

Selections From Our News Analysis Blog
Acquired by Ted Midthun, News & Analysis Editor

Tracing the Evolution of Mammals Through Lactation
Jacqueline Katz

Milk production has long been considered a trademark 
of mammals, but this notion has recently been chal-

lenged. Researchers have uncovered a rather broad range of 
insects, birds, and fish that defy this idea. Evolutionary biolo-
gists theorize that we can trace mammalian lactation back 
300 million years, 100 million years before the first animals 
of the class Mammalia even emerged. Ancestors of the mod-
ern mammal produced soft-shelled eggs that were prone to 
drying out, which prompted the evolution of animals that 
could secrete fluid from their chests to moisten their eggs; 
this paved the way for the development of nipples. Milk later 
became a nourishing solution.

While there are a number of factors that distinguish dif-
ferent species’ milk and lactation processes, there are over-
whelming similarities in the types of proteins that are present 
in many different animals’ milk. A surprising assay of milk 

produced by tsetse flies during gestation indicates that the 
insect’s milk shares considerable chemical similarities to that 
produced by mammals.

Biologists are also now asking us to reconsider how we 
define “milk.” A certain scientific school of thought describes 
milk as any product synthesized or modified by the parent 
on which the offspring relies for survival. According to this 
definition, Nicrophorus orbicollis produces milk. This vari-
ety of burying beetle predigests a piece of carrion and, having 
chemically modified the bolus, spits up the regurgitate into 
the mouths of its young. And, there are many other species 
— mammals, insects, birds, and fish alike — that lactate in an 
equally unorthodox way.

Using the Theoretical Population Biology scientific journal 
and recording data from nearly nine hundred of its works pub-
lished between 1970 and 1990, the team found 43.2 percent of 
programmers found in the acknowledgements were women, 
whereas only 7.4 percent of listed authors were female. The 
team’s findings suggest that women were unknowingly buried 
in the field for decades without the deserved credit to help 
them advance as scientists.

Concern for how women are represented across disci-
plines still remains. Rohlfs and Huerta-Sanchez’s team hope 
to continue their research to unearth more hidden contribu-
tions made by the underrecognized female science commu-
nity. They not only wish to provide greater insight into these 
histories but aim to use this raised awareness towards improv-
ing equity within today’s male-dominant scientific fields.

Historical bias has certainly played a role in preventing 
and further masking women’s scientific contributions 

to the world of research. Published papers credit scientists 
by listing names of those qualified as “authors,” while oth-
ers considered to have made fewer contributions often find 
their names under the “acknowledgements” heading. Unfor-
tunately, no specific requirements–of hours committed, for 
example–separate those recognized as authors versus those 
acknowledged. Rori Rohlfs, San Francisco State Assistant 
Professor of Biology, and Emilia Huerta-Sanchez, Assistant 
Professor of Ecology and Evolutionary Biology, took the ini-
tiative to take a closer look in comparing statistics between 
the two headings. The two gathered a research team of seven 
SF State undergraduate students to gather data from past 
research papers relevant to theoretical population biology.  

Hidden Historical Truths of Women in Research
Ella Do

Developments in Precision Medicine in Pain Threatens Ongoing American Opioid Crisis
Eliana Rosenzweig

Researchers have produced a novel prototype blood test 
that can detect pain biomarkers, carrying potentially 

meaningful and clinical significance to curb the extensive 
opioid crisis in Indiana and the rest of the country. The opi-
oid crisis has arisen largely due to the over prescription of ad-
dictive medications to help patients experiencing significant 
pain. Traditionally, pain is considered a relatively subjective 
measurement that is individual to each patient. However, a 
study led by psychiatry professor Alexander Niculescu at the 
Indiana University School of Medicine has identified and 
targeted potential biomarkers of pain in hundreds of partici-
pants at the Richard L. Roudebush VA Medical Center that 
can be tested from a blood test and determine pain severity 
in a patient.

The prototype allows for physicians to prescribe medi-
cine that is specifically designed to patient’s individual pain. 
Once the biomarkers of pain are identified in each patient, 
the designed prototype also allows physicians to match the 
biomarker to a compound that can directly target the pain 
associated with the biomarker, which is often natural com-
pounds rather than opioid drugs. In addition, some of the 
biomarkers can also indicate if a patient will experience pain 
the future, and long-term chronic pain.

This study supports the larger Indiana University Chal-
lenge Precision Health Initiative with the introduction of 
precision medicine for pain. Niculescu’s team plans to con-
duct future research on the prototype to make it more usable 
in clinical application.

The severity of rare diseases makes it imperative that a 
more innovative approach is used to identify markers of each 
disease. Postdoctoral researcher Sebastian Hesse developed 
a protocol to collect proteins from healthy neutrophils care-
fully, which allowed Piotr Grabowski at the Technical Univer-
sity of Berlin to establish a baseline neutrophil proteome to 
use for diagnostic purposes.

For two patients who could not be accurately diagnosed 
using genome sequence studies, protein abundance led to a 
genetic diagnosis. Klein claims that “there will be huge poten-
tial for proteome analysis at a very low cost down the road.” 
Hopefully, personalized treatments will soon become acces-
sible to those struggling to live with rare diseases.

Introducing the Field of Proteomics to Diagnose Rare Disease
Patrycja Sztachelski

Genomics is a technique commonly used to provide insight 
into the genetic makeup of rare diseases, but unfortu-

nately it fails to diagnose up to 50% of patients. Recently, 
genomics has been combined with the proteomics, which 
involves the study of proteins, to make genetic diagnoses for 
two children suffering from severe congenital neutropenia.

Neutropenia is a disease which affects neutrophils: white 
blood cells containing toxic proteins to assist the body’s efforts 
to fight unwanted bacteria. Klein, a physician and director of 
the Children’s Hospital of the University of Munich, explains 
that “when neutrophil development is disrupted…every bac-
terial or fungal infection can become a life-threatening medi-
cal emergency.”

compound found in many insects. Resilin gives elasticity to 
mechanically active tissues, but it was previously not known 
to be in the glandular systems of beetles. Lead researcher 
Adam Rork believes that the pygidial glands are a key reason 
that carabid beetles have survived for so long.

The researchers believe that resilin can be used in future 
bioengineering research because it is flexible and has an abil-
ity to resist chemicals, so it can be used to keep two different 
chemicals away from each other within the same environ-
ment. Another use that they note is for tissue engineering. 
Resilin is similar to elastin, which is a protein in human bod-
ies, and thus it can be used to design new tissues for people 
who have degenerative diseases or injuries.

A recent study at Penn State revealed that a gland in-
side the abdomen of carabid beetles could be useful in 

biomedical engineering. The gland, known as the pygidial 
gland, is made of defensive chemical-producing-lobes that 
are connected to a muscular reservoir chamber through a 
duct. The tissues that make up the gland system have been 
a mystery to entomologists for quite some time. However, 
researchers were able to shed light on this mystery by us-
ing a process that was developed in a previous Penn State 
study. The process is known as autofluorescence-based laser 
scanning-microscopy, which works because different tissues 
emit different wavelengths of light. Through this method, 
they found that the tissues in the gland system had resilin, a 

Carabid Beetles Have the Potential to Help Humans — Who Knew?
Duru Cosar

References for News Briefs can be found at 
TuftScope.squarespace.com

Exercising Now May Prevent Alzheimer’s Later
Emily Taketa

Physical activity has been shown to release a hormone, 
irisin, that is involved with energy metabolism. A recent 

study published in Nature Medicine, has suggested that iri-
sin may also promote learning and memory by protecting 
against neuronal degradation, specifically in the hippocam-
pus. Researchers at Columbia and the Taub Institute  found 
that Alzheimer’s patients had decreased irisin concentrations 
in the hippocampus. They also  found that healthy mice show 
weakened neural synapses and decreased memory retention 
when irisin was disabled in their hippocampus.

The study further analyzed the influence of exercise on 

irisin levels with trials of swimming mice. The mice who reg-
ularly swam had decreased memory loss even after infusions 
of beta amyloid, a neurodegenerative protein associated with 
Alzheimer’s. 

These results have fascinating implications for human 
treatment of Alzheimer’s and other neurodegenerative dis-
eases. The researchers are currently attempting to develop 
a drug that can mimic irisin’s effects within the hippocam-
pus. Additionally, they urge people to exercise more to 
improve their health now and protect against future cogni-
tive degeneration.
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FEATURE INTERVIEW

Dr. Carolyn Rubin, Ed.D., is an assistant professor in the Tufts University School of Medicine Department of 
Public Health and Community Medicine. She received her BA in Ethnic Studies from the University of California 
San Diego, her MA in Urban Planning from University of California Los Angeles, and her Ed.D. from Harvard 
University. She currently leads ADAPT (Addressing Disparities in Asian Population through Translational Re-
search), a project of the Tufts Clinical and Translational Science Institute, which aims to promote health among 
underserved Asian communities in Boston.

What led you to your work today in racial and ethnic 
inequality, immigration, and community development? 
How have your interests changed over the course of your 
career?

I would say that a lot of my work roots in my family’s story 
and wanting to honor my immigrant past. I remember in 
undergraduate while I was doing research on why men from 
southern China immigrated to the US in the late 1800s, I saw 
this one book that said “It was in their blood to seek adven-
ture.” There was something that didn’t resonate with me about 
that line. I thought about my 
family’s story, about the sac-
rifice and the hardship, and 
knew that there was some-
thing more to the story than 
that. Afterwards I became 
interested in research that 
collected the authentic sto-
ries of communities of color 
and immigrant communi-
ties. So that’s how I became involved in research twenty-five 
years ago.

My work has evolved over time in a couple of ways. About 
ten years ago I became interested in research that could have 
a direct impact on people’s lives. I think about how we can use 
research to transform inequities in this country. A lot of my 
current research involves working in partnership with com-
munity-based organizations, who are people on the ground, 
interfacing with the community on a daily basis. They bring 
a lot of knowledge and expertise about what’s going on in the 
community. They know about current issues, really urgent 
issues, sometimes much sooner than we do in higher educa-
tion. And I do not think about myself as someone who just 
does research in a single topic area. I spend a lot of time talking 
with community partners and attending community events 
and listening to what the people say are priorities. If you look 
at my research portfolio, you’ll see that I have done a lot of 
different work – issues related to breast cancer screening and 
domestic violence, currently on projects related to health and 
housing, art and gentrification. It comes from a commitment 

Author contact: Jamie Tebeau is a junior at Tufts University. Address 
correspondence to Jamie.Tebeau@tufts.edu.

A Discussion with Dr. Carolyn Rubin, Professor of Public Health
 Jamie Tebeau

to want to do research that is relevant to the community and 
grounded in their lived realities. 

I’m also interested in nurturing health equity scholars and 
clinicians and practitioners in the work that I do.  I am com-
mitted to combining my research and teaching.  Thus, I teach 
a field-based experiential class where we spend time visiting 
different community organizations, discussing with commu-
nity leaders, and working on a community project together.  
In this class, I try to teach students about health from the 
community’s perspective. 

What are some specific 
health problems that 
immigrant communities 
disproportionately face 
compared to the greater 
U.S. population?

The amount of xenopho-
bia in this country right now 
and the kind of stress that 

immigrant communities are under certainly impacts health., 
as well as loss and trauma. A lot of immigrant communities, 
even if they choose to come here, fled persecution or war or 
other hardship. There are a lot of reasons that people have to 
come to this country. So when I think about health issues, 
I think about variables that are really hard to measure, such 
as how do you measure the sense of loss, trauma, and stress 
that immigrants experience? This sense of being an other, and 
sense of dislocation, affects health. 

There are also local issues that I see through my work.  I’m 
involved right now in a research project at the Boston Chi-
natown Neighborhood Center, as well as with colleagues at 
Tisch College of Civic Life, the Department of Public Health 
and Community Medicine, and the Dance Department where 
we’re trying to understand the impact of a new arts center on 
the cultural identity and social cohesion of Chinatown dur-
ing a time of displacement and neighborhood change related 

Dr. Carolyn Rubin

to gentrification. As I listen to people tell 
their stories, people who come to the 
arts center, I realize that residents and 
others who come to Chinatown feel a lot 
of pressure. Residents may worry about 
losing their homes because of luxury 
development. Businesses worry about 
rising rents.  Even people who don’t live 
in Chinatown feel a sense of pressure 
because they see Chinatown as a cultural 
hub that is being threatened by outside 
forces. 

Then there’s also a rising issue in the 
Chinese community related to problem 
gambling. We’ve been particularly wor-
ried because there is a new casino being 
built in Everett, Massachusetts, and casi-
nos tend to market heavily to Chinese 
and other Asian immigrant communi-
ties. Oftentimes someone who has gotten 
into a lot of debt will go to community 
partners when they are at the point of 
financial devastation, or a family mem-
ber will come for help if the stress results 
in domestic violence. Immigrants may turn to gambling 
because they are low-wage workers, or because they have no 
other social outlets. 

What do you think is the greatest obstacle in the way of 
immigrants receiving health care in the U.S.? How can we 
combat this challenge?

A lot of clinicians or providers don’t understand the 
immigrant experience and often blame the patient. For exam-
ple, I was talking to a student who didn’t understand why it 
was so hard for an immigrant to learn English. People don’t 
understand the barriers to learning a new language in this 
country, such as limited resources and limited time due to 
work schedules. A certain amount of cultural competency is 
necessary, but also the health care system is very complicated. 
I think that knowing how to navigate through the system is a 
big issue. Knowing what your test means or what specialist to 
go to, knowing that preventative care is important. I’ve seen a 
lot of work related to patient navigators or community health 
workers, who are people from the community that have the 
same linguistic and cultural roots that help navigate the fam-
ily through the health care system. Case managers who are 
linguistically and culturally congruent with the patient help 
them figure out how to access services and how to navigate 
what can be a confusing system.

There is also a sense that people do not realize they have 
the right to advocate for themselves and for the best possible 
care. Oftentimes immigrant communities don’t realize we 
have this right, but we do. 

Could you describe the disparities you have encountered 
in Boston’s Chinatown and the ways in which you are 
working to address them?

One of the things I do in Boston’s Chinatown is direct an 

academic-community research partnership called ADAPT 
(Addressing Disparities in Asian Populations through Trans-
lational Research). It is a partnership that has been around 
since 2011, and over that time we have helped to support 
over a dozen research projects. Several of these projects have 
been initiated by the community. The coalition has worked 
on a variety of issues including cancer, nutrition and physical 
activity, and autism. I’ve done some work surrounding breast 
cancer and domestic violence, art and gentrification, problem 
gambling, and the impact of health and housing. It’s about 
listening to the community and trying to understand what 
their community health priorities are. We try to take a holis-
tic and social determinants view of health in Chinatown. We 
don’t just look at health in terms of disease. We are trying to 
build a community-driven health agenda that looks at a range 
of these issues. 

What advice would you give to students who are inter-
ested in a career in public health and working with com-
munities to improve health?

Whenever I meet with a student, I tell them it’s impor-
tant to do what they’re passionate about. It’s important to do 
something that plays to your strengths but also challenges 
you. I would encourage them to think about health broadly 
and spend time immersed in communities and trying to 
understand how different communities think about and 
define health. I think it’s important to do work in partner-
ship with communities. And I think it’s important to take a 
strengths-based or assets-based approach — working off of 
the assets of the community to improve its health. In public 
health, we often talk about individual behavior and environ-
mental changes, and it’s important to understand both sides 
and how that influences health interventions and the services 
we can provide. 

“It comes from a commitment 
to want to do research that is 

relevant to the community and 
grounded in their lived realities.”

Image Source: Wikimedia Commons
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ESCHERICHIA COLI

Escherichia coli or E.coli is 
one of the most widely 

known foodborne pathogens. 
E.coli are motile, gram-negative 
facultative anaerobes from the 
phylum Proteobacteria. While 
most strains are harmless, some 
are pathogenic and can cause 
mild to severe diarrhea when 
ingested. Combined, strains of 
diarrheagenic E.coli have been 
estimated to cause over 200,000 
cases of foodborne illness and 
close to 2,500 hospitaliza-
tions annually.5,6 Some strains 
also produce cytotoxic factors 
called verotoxins or shiga tox-
ins which can lead to serious 
complications like hemorrhagic 
colitis, kidney failure, or even 
death.8 E.coli reservoirs are most often found in undercooked 
meat and raw fruits and vegetables due to improper process-
ing, handling, or via groundwater. The pathogenic strains are 
typically transmitted via the fecal-oral route of direct trans-
mission and are then unknowingly ingested by humans.8 
Numerous studies have found that the changing weather 
patterns predicted by climate change models will promote 
the survival and persistence of E.coli bacteria in the environ-
ment. Phillipsborn et al. (2016) found that diarrheagenic E. 
coli bacteria incidence demonstrated seasonality, with the 
highest incidence in the warmer months, lowest incidence in 
cooler months, and modest increases of incidence in months 
of higher average rainfall. Another study examined the effect 
of meteorological variables on E.coli persistence in livestock 
feces. They found that increased temperature and drought-
like conditions significantly enhanced persistence of the bac-
teria in fecal samples, which has implications for its survival 
and transmission potential.14 Both studies underscored the 
importance of taking proactive steps to prevent the trans-
mission of pathogenic E.coli in the face of increasing global 
temperatures. 

SALMONELLA

Another common foodborne infection comes from the 
Salmonella species. Salmonella is another motile, facul-

tative gram-negative anaerobe from the phylum Proteobacte-
ria. There are multiple strains of Salmonella, which are almost 
all pathogenic. Salmonella attacks and infects human cells in 
order to produce toxins, and the infection is characterized by 
diarrhea, fever, and abdominal cramps.7 Salmonella species 
are the leading cause of foodborne illness, hospitalization, 
and death among bacterial pathogens in the U.S., with over 
1 million cases annually.5,6 Salmonella strains are widespread 
in nature; they are present in pond-water sediment and can 
colonize the intestinal tracts of livestock, wildlife, domestic 
pets, and even humans. Due to its ability to colonize intesti-
nal tracts, the bacteria is most commonly found in poultry, 

field.17,23 Precipitation patterns also have a variety of effects on 
foodborne pathogens. Rainfall can increase the incidence of 
water-borne diseases, particularly after a drought. Droughts, 
on the other hand, lead to lower water levels, but the remain-
ing water may become more highly concentrated with mi-
crobes. Other environmental factors including changes in 
humidity, sunshine, and wind patterns have all been shown to 
alter microbial survival.23 

Additionally, the distribution and dispersal methods of 
foodborne pathogens may be affected by climate change. 
Pathogenic bacteria can be transmitted directly via droplet 
contact, physical contact, air-borne transmission, or fecal-oral 
transmission.  Changes in temperature, rainfall patterns, and 
humidity have been shown to alter infectious disease trans-

mission.23 Wind and dust 
storms will become more fre-
quent as the climate changes, 
promoting the transmission 
of pathogens across wide-
spread regions through the 
air.23 Furthermore, extreme 
weather events, such as heat-
waves, droughts, floods, hur-
ricanes, and cyclones have 
all been associated with in-
creased incidence of infec-
tious diseases in humans.23 

Foodborne pathogens are most often transmitted indirectly, 
when a human ingests food or water from a source contain-
ing the pathogenic organism. They can also be transmitted 
indirectly by vectors or other living hosts. Insects and animal 
vectors for infectious diseases are highly sensitive to changes 
in temperature and precipitation conditions, which can either 
promote or inhibit their survival depending on the organ-
ism. Climate change is already causing ecosystem degrada-
tion, which decreases agricultural productivity  — potentially 
leading to crop failure, malnutrition, starvation, population 
displacement, and resource conflict.17 These expected conse-
quences of climate change will impair human immunity and 
increase susceptibility to disease, including foodborne illness. 
The environmental and societal changes resulting from cli-
mate change will foster the growth, survival, and dispersal 
of foodborne pathogens. Almost all microorganisms will be 
affected in some way by climate change, but this article will 
outline four of the most well-studied foodborne pathogens 
affecting humans.

INSIGHT

Analyzing the Effects of Climate Change
on Foodborne Illness
 Helen Mizrach

THE MOST RECENT REPORT ISSUED BY THE  
United Nations Intergovernmental Panel on Climate 
Change (I.P.C.C.) alarmed scientists and the public 

alike, warning that the world is almost out of time to avoid 
catastrophic consequences resulting from climate change. It 
describes a planet faced with extreme heat, rising sea levels, 
droughts, and disastrous weather events as soon as 2040 if 
warming is not limited immediately. Climate change refers to 
long-term statistical shifts in weather patterns and extreme 
weather events, and the report emphasizes the role of humans 
in causing and preventing this phenomenon. Humans con-
tribute to the changing climate through burning fossil 
fuels, deforestation, intensive agricultural operations, and 
food production systems. If action is not taken on a global 
scale to limit such practices, 
weather-related and non-
weather related devastation 
such as mass extinctions, 
forced migration/displace-
ment, spread of infectious 
disease, and major food 
shortages could occur within 
the lifetime of the current 
population.17

The potential for food 
shortages is often discussed 
in climate negotiations, as 
the changing climate and extreme weather events will alter 
growing conditions and the success of agricultural produc-
tion. However, future food shortages may also result from 
an increase in foodborne pathogens, which pose a signifi-
cant threat to the food supply and human health. The World 
Health Organization estimates that at least 600 million cases 
of foodborne illness occur every year resulting in 420,000 as-
sociated deaths. The true numbers are likely higher due to 
underreporting of mild foodborne illnesses to doctors and 
public health systems.22 Foodborne illness originates from 
the consumption of food contaminated with harmful micro-
organisms, including bacterial pathogens. The growth and 
survival of these species are dependent on specific environ-
mental conditions including temperature, water availability, 
oxygen availability, and pH. Microorganisms can only grow 
and survive in select temperature ranges. In general, higher 
temperatures promote shorter incubation periods for micro-
bial pathogens, therefore speeding up their reproductive cycle. 
The I.P.C.C. report predicts extended periods of hot weather 
in the future. This would increase both the temperature of 
water bodies and the surrounding land, providing more con-
ducive environments for microbial growth in water and in the 

Author contact: Helen Mizrach is a senior at Tufts University. 
Address correspondence to Helen.Mizrach@tufts.edu.

meats, and eggs. Non-typhoidal Salmonella is a bacterium that 
will likely thrive as the climate changes as it highly resistant to 
dramatic environmental changes. It can adapt to survive in a 
wide range of temperatures, pH ranges, and even if frozen or 
dried. Studies have supported this notion and have found that 
Salmonella can proliferate in temperatures anywhere between 
7-48 degrees Celsius. The bacteria use acid shock proteins 
to survive in and colonize environments of wide pH ranges 
(4.05-9.5), a range which encompasses the acidic conditions 
of the human stomach. Salmonella infections have also shown 
seasonality: an increase in ambient temperature has been pos-
itively correlated with incidence of human Salmonella cases.24 
There is consistent evidence that gastrointestinal infection 
with Salmonella is positively correlated with ambient temper-
ature, as warmer temperatures enable more rapid replication 
of the species.1 

As mentioned, Salmonella is commonly transmitted via 
contaminated food or water sources, but in addition to being 
present in intestinal tracts it can also be found on the surface 
of fresh produce. The phyllosphere of fresh produce growing 
in the field exposes bacteria to high doses of oxygen, UV light, 
and variable temperature conditions, which is starkly differ-
ent from the environment of the gut microbiome where Sal-
monella typically is found. Yet Salmonella has been shown to 
adapt to variable phyllosphere conditions and survive.7 The 
adaptability of the Salmonella species will allow for its contin-
ued survival as the climate changes..

CAMPYLOBACTER

C ampylobacter is a motile, gram-negative proteobacteria 
with a similar disease profile to that of Salmonella. Cam-

pylobacter infections are the third leading cause of hospital-
izations from foodborne illness in the U.S. They are also the 
second leading cause of foodborne infections, with an esti-
mated 845,000 cases annually.5,6 There are many species of 
Campylobacter, but Campylobacter jejuni is responsible for 
about 90% of human illness.5,6 It has a similar intracellular 

Image Source: Wikimedia Commons

“The environmental and societal 
changes resulting from climate 
change will foster the growth, 

survival, and dispersal of 
foodborne pathogens.”
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used machine learning and text matching to analyze the data-
bases, concluding that these online platforms could be useful 
to respond to suspected foodborne illness reports and spur 
restaurant inspections to promote food safety.11 Online illness 
reports via TripAdvisor.com, Yelp.com, or other foodservice 
review websites could complement traditional surveillance 
systems by providing close to real-time information on food-
borne illness and implicated foods/locations.12

Although the scientific community has developed many 
novel surveillance solutions, some of the most effective meth-
ods to fight against foodborne illness start at home. Practic-
ing proper food, surface, and hand hygiene, avoiding cross 
contamination, cooking foods to the right temperature, and 
proper refrigeration are all essential and effective to reduce the 
transmission of foodborne illness to humans.3 With the rap-
idly progressing threat of climate change, society will become 
more reliant on these detection and mitigation mechanisms 
to prevent the transmission of foodborne illness.

CONCLUSION

F ood safety is closely tied to public health, but it is an issue 
that is often overlooked. Yet recent events have started 

to increase public awareness and concern about the role of 
microorganisms in human health and well being. In Novem-
ber of 2018, the CDC advised all U.S. consumers to stop con-
sumption of and to throw away all Romaine lettuce products 
due to a multistate outbreak of Shiga toxin-producing E.coli. 
The fact that Romaine lettuce is a standard household food 
item, combined with the major media and online coverage 
the event received, brought the issue of food safety to the 
attention of many Americans. Luckily the sources of the con-
tamination have since been identified, but future outbreaks 
can and will occur especially if actions are not taken to miti-
gate climate change and improve surveillance.4 

There is a substantial body of evidence demostrating that 
foodborne illness causing microorganisms like E.coli, Salmo-
nella, Campylobacter, and Vibrio will proliferate as the climate 
changes.  Future climate change models predict warmer tem-
peratures, altered precipitation patterns, and extreme weather 
events: environmental patterns which will allow these 
microbes to thrive. Their transmission pathways may also 
be affected, with climate change and extreme weather events 
promoting disease transmission, and altering the distribution 
of insect and animal vectors. The societal consequences of cli-
mate change like food shortages and climate forced migration 
could affect human immunity and susceptibility to disease, 
further promoting the danger and spread of these pathogens.  
Climate change will affect everything from the environment, 
to the weather, to animals, to humans, and as evidenced, even 
the planet’s smallest inhabitants: bacteria and other microor-
ganisms. It is imperative that the government, farmers, food 
producers, food distribution facilities, and consumers all take 
precautions to ensure the safety and security of the food sup-
ply in the ever changing climate.  

spend more time near the ocean.8 Rising sea temperatures are 
some of the most predictable effects of climate change, so the 
fishing and aquaculture industry must be extra cautious dur-
ing all steps of their food production chain to avoid Vibrio 
contamination as temperatures rise.

POTENTIAL SOLUTIONS

The main mechanism of preventing and controlling out-
breaks of foodborne illness is through active surveil-

lance programs. In the U.S., The Center for Disease Control 
and Prevention (CDC) employs several surveillance systems 
in order to monitor reports of food and waterborne illness. 
These include the Foodborne Disease Active Surveillance 
Network, the National Outbreak Reporting System, and 
PulseNet.3 These surveillance networks are based in local and 
state health departments as well as laboratories around the 
nation. PulseNet, a molecular subtyping network of labora-
tories nationwide, has shown great promise in identifying 
and responding to outbreaks caused by bacterial foodborne 
pathogens. An economic evaluation of PulseNet estimated 
that the program has prevented at least 275,000 illnesses and 
leads to savings of at least $500 million in medical and pro-

ductivity costs annually 
in the United States.15 
Laboratories around 
the world (like those 
involved in PulseNet) 
employ phenotyping 
and DNA sequencing 
technologies in order 
to identify the source, 
microorganism, and 
site of foodborne ill-
ness outbreaks. These 
facilities utilize various 
molecular subtyping 

methods including ribotyping, PCR, pulsed field gel elec-
trophoresis, multilocus sequence typing, and whole genome 
sequencing, which all have varying degrees of efficacy and 
accuracy.9 

Other unique strategies are emerging which take advan-
tage of the growing number of internet and social media 
users to enhance surveillance of foodborne illness. A team of 
South Korean researchers assessed the relationship between 
internet search query data for foodborne illness related 
search terms and bacterial foodborne-illness associated inpa-
tient hospital stays. They compiled data from the five most 
popular Korean search engines and from Health Review and 
Assessment Service Inpatient Stay Reports during a two-year 
period. The researchers found a strong temporal correlation 
between foodborne illness related search queries and inpa-
tient hospital stays, concluding that this is a viable approach 
to assist foodborne illness surveillance.2 Other groups have 
found similar success using social media posts and other user 
generated content to detect for foodborne illness. Nsoesie et. 
al. (2016) compiled a database of 1.5 million food service (i.e. 
Yelp.com) reviews and 742 million location-inferred tweets 
to compare with a database of foodborne illness reports. They 

mode of infection to Salmonella and causes similar symp-
toms: mainly diarrhea, abdominal pain, fever, and vomiting. 
Campylobacter typically resides in the gastrointestinal tract 
of warm-blooded animal hosts and is most often found in 
poultry. Outbreaks of Campylobacter have been associated 
with animal products including improperly handled or pre-
pared poultry, lamb, pork, and raw milk products. Like Sal-
monella, Campylobacter displays seasonality: more human 
infections occur during the warmer months and infections 
are positively correlated with increases in ambient tempera-
ture.13,24  Studies on Campylobacter present in broiler chicken 
environments have had mixed results, although warmer daily 
mean temperatures, use of private (and therefore more likely 
contaminated) water supplies, and heavy rainfalls have been 
found to increase their presence.8,10 Additionally, Campylo-
bacter bacteria can spread via insect vectors, specifically flies. 
Fly activity increases with increasing temperatures, thus pos-
ing an additional risk for increased Campylobacter transmis-
sion due to climate change.10

VIBRIO

Vibrio parahaemolyticus, vulnificus, and cholerae are three 
bacterial species 

naturally occurring 
in marine and coastal 
environments. Vibrio 
species are gram-neg-
ative facultative anaer-
obes of the phylum 
Proteobacteria which 
all have different symp-
tom profiles. Vibrio 
parahaemolyticus and 
Vibrio cholerae mainly 
cause gastrointestinal 
symptoms, while Vib-
rio vulnificus can cause sepsis. Vibrio vulnificus infection is 
rare, but it has the highest case-fatality rate among foodborne 
pathogens.5,6,7 Due to its presence in oceans, Vibrio is most 
commonly found in seafood or unsafe reservoirs of drinking 
water. 

There is strong evidence that climate change is increasing 
Vibrio outbreaks and prevalence worldwide.21 Vezzulli et al. 
(2016) found that the trend in sea surface temperature warm-
ing was likely responsible for the long term increase in oce-
anic Vibrio over the past 54 years. This increase in Vibrio pres-
ence is associated with increase in Vibrio associated diseases, 
especially in Northern Europe and along the U.S. Atlantic 
coast. Phytoplankton abundance and communal structure 
shifts caused by the rising temperatures may have also con-
tributed to these events, as phytoplankton may serve as a vec-
tor for Vibrio transmission.21 Trends in Vibrio infection rates 
and its oceanic bioavailability have also been positively corre-
lated with the Northern Hemisphere Temperature and Atlan-
tic Multidecadal Oscillation climatic indices.21 Similar trends 
are documented throughout the scientific literature and have 
found that Vibrio infections increase during the spring and 
summer months, where humans likely eat more fish and 

“It is imperative that the government, 
farmers, food producers, food 

distribution facilities, and consumers 
all take precautions to ensure the 

safety and security of the food supply 
in the ever changing climate.”
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RESEARCH HIGHLIGHT 
STEM CELL REGENERATION OF HEART TISSUE
Kurtis Chien-Young

Yassi Khorsandian is a first-year student studying Biomedi-
cal Engineering at Tufts University. She worked with the 
Myocardial Regeneration Lab at Worcester Polytechnic In-
stitute to study stem cell regeneration of heart tissue.

Tell us about your cardiology research project.
The main goal of the project was to bioengineer a blood 
vessel using stem cells. Because heart attacks are the lead-
ing cause of death in both the US and the rest of the world, 
many scientists have tried to approach this problem from 
a bioengineering angle. However, blood vessels are really 
the root of the problem, so I decided that for this project, I 
would try to bioengineer blood vessels that could then be 
transplanted into individuals with myocardial infarction 
to deliver blood and stem cells to damaged portions of the 
heart. All of the plant cellular material was removed from 
spinach stems in a thorough decellularization process, 
leaving only their extracellular matrices that were used as 
fast and inexpensive bioscaffolds for the stem cells to grow 
on. A novel fibrin-based mechanism was also developed 
to adhere the cells to the scaffold. The technique that I de-
veloped in my project seems to be a promising solution 
that could permanently treat heart attacks.

Why did you choose spinach as a medium to grow on?
Other than being accessible and inexpensive, spinach 
leaves have very large petioles (leafstalks) compared to 
other leaves that are easily available worldwide. Due to 
this large petiole size, spinach is the best candidate to be-
come a scaffold for the stem cells to grow on because it 
most accurately resembles the size of our blood vessels.

How do you think the findings of your project will be 
applied to real life therapeutic techniques?
The low cost and international accessibility of spinach al-
lows bioengineers all around the world to use the method 
developed in my study as a novel tissue regeneration tech-
nique. Fibrin also has an extensive potential as a cell de-
livery technique because of its natural adherence quality 
as well as its degradation in the cells’ waste products. This 
protein can be easily produced in vitro and it does not 
cause complications if transplanted into a patient because 
it degrades over time. This method can be easily adapted 
to various organs. By varying the type of decellularized 
plant and the kind of stem cells used, researchers can use 
this novel technique to bioengineer other organs through-
out the body.  
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through public and private transportation and is 
more integrated into the world economy, while 
Yalsihón is isolated, having minimal contact with 
other cities.6 Lizama et al. highlighted other dietary 
differences as well, including a higher level of con-
sumption of meat and sugary drinks in Dzilam 
compared to a higher level of consumption of veg-
etables in Yalsihón.6 With the exception of 15- to 
19-year-old males, the authors found that the citi-
zens of Dzilam had larger DMFT indexes across 
gender and age groups.6 Tooth decay is largely more 
prevalent and severe in Dzilam, and this suggests 
that the benefits regarding access to care provided 
by proximity to an urban center are offset by the 
increased sugar consumption, resulting in worse 
oral health outcomes due to westernization of diets 
despite having better access to care.6

The association between sugar consumption and dete-
riorating oral health was noted in other studies. Goncalves et 
al. found that 65.8% of indigenous children who consumed 
sugar once a day had DMFT scores greater than 3, and 63.2% 
of indigenous children who consumed sugar more than once 
a day had DMFT scores  greater than 3.4.4 Levin et al. found 
that consumption of processed food and greater proximity to 
a store selling junk food were correlated with an increased 
rate of Early Childhood Caries (ECC).5 Clearly, increased 
consumption of sugar and processed foods has negative 
impacts on oral health. Thus, oral health care interventions 
must include nutritional education and access to healthy food.

CONCLUSIONS AND RECOMMENDATIONS

T here is much to do to better address oral health globally, 
but most urgent is addressing the barriers to care among 

indigenous populations. Tooth decay varies widely among 
indigenous populations and while access to care is a major 
issue, increased interactions with non-indigenous groups are 
also resulting in westernization of diets, causing a significant 
increase in tooth decay.

A major step in addressing this issue is education. The 
intervention by Sokal-Gutierrez et al. addressed the educa-
tional barrier to oral health along with the barrier relating 
to access to care, as participants were provided with fluoride 
treatments and other dental treatment.8 The study reported a 
50% decrease in junk food consumption over two years, and 
as no physical constraints of any kind were placed on junk 
food, it can be assumed that nutritional and oral health edu-
cation was critical to the success of the intervention.8 How-
ever, the improvements in oral health outcomes seen in this 
study are unlikely to continue once the dentist providing 
treatment leaves the community, and no information was col-
lected regarding how the provided care fit into any already 
established indigenous health systems. Thus, future interven-
tions should take more care to ensure the care that is provided 
is culturally appropriate, compatible with indigenous health 
systems, and can be integrated in a sustainable way.

Another issue is the government’s role in indigenous 
affairs. Indigenous groups that wish to remain relatively 
isolated should be provided support to do so by their 

indicating access to dental care, yet prevalence of tooth decay 
remained a significant problem, suggesting the care offered 
remains inaccessible, or, as the authors discussed, is focused 
on restorative measures and lacks prevention interventions 
that are important in addressing any disease.⁴ This finding 
suggests that the simple presence of an oral health care facil-
ity isn’t enough, but the interventions used must be adequate 
and tailored to the population of interest if any improvements 
in oral health status are to be seen.

Another study demonstrated the improvements in oral 
health when indigenous communities had greater access to 
dental facilities. Sokal-Gutierrez et al. tested the efficacy of 
an intervention program providing nutrition and oral health 
education, toothbrushes/toothpaste, fluoride application, 
dental screening and treatment or referrals in a community 
that previously “had some access to dental services through 
local Ministry of Health dental clinics.”⁸ The study reported 
reductions in severity of tooth decay, along with reduced 
mouth pain, after intervention occurred three times a year 
for two years.⁸ While it is unknown how accessible dental 
care was before intervention began (having “some access” 
is a vague description) and it is unclear which components 
of intervention made the biggest difference in outcomes, it 
can be concluded the reduction in tooth decay was related to 
increased access to care, whether this care was in the form of 
education, screening, fluoride varnish, or otherwise.

WESTERNIZATION OF DIET

T he nutrition transition characterized by westerniza-
tion of diet through increased consumption of sugar, 

meat and processed foods results in worse oral health out-
comes for indigenous populations. Both Goncalves et al. 
(2015) and Lizama et al. (2015) cited the nutrition transition 
as an important factor in indigenous experience with tooth 
decay.4,6 The traditional diet for Kichwa people in Ecuador 
is fruits, vegetables and nuts coming from subsistence farms 
along with occasional fish and meat.4 The trend is similar for 
Mayan communities, with traditional diets relying heavily on 
maize.6 Several studies, including Levin et al. (2017) report 
that historically, indigenous rates of tooth decay were low, but 
as globalization reaches more communities, consumption of 
processed food increases alongside rates of tooth decay.5

Lizama et al. compared two communities with differing 
levels of integration into the globalized economy to evaluate 
the idea that globalization is related to worse oral health out-
comes.6 The community of Dzilam connects to urban centers 

INSIGHT

Oral Health in Indigenous Communities
in Latin America and the Caribbean
 Grace Perry

SINCE INITIAL INTERACTIONS BETWEEN     
indigenous communities in Latin America and Euro-
pean invaders, indigenous peoples’ needs have been 

considered secondary to those of non-indigenous popula-
tions. Colonization, racism, and cultural discrimination, 
among other factors, have increased negative health outcomes 
in indigenous groups, producing “higher rates of mortality 
and morbidity indicators than their non-Indigenous coun-
terparts.”⁷ With over 400 indigenous communities consisting 
of 45-48 million individuals speaking 400 different languages 
in Latin America and the Caribbean, the barriers these indi-
viduals face in accessing care have wide-reaching negative 
health implications.3 Resources and research in oral health 
in Latin American indigenous populations are especially 
limited. With increasing globalization, the issue becomes 
even more pressing, as increased contact with urban popu-
lations causes westernization of indigenous diets that result 
in increased sugar consumption and corresponding negative 
oral health outcomes.⁶ Recent literature about oral health 
outcomes in indigenous communities in Latin America and 
the Caribbean provides a picture of the connection between 
oral health, access to care, and diet among indigenous popu-
lations and highlights the need for mobilization of oral health 
interventions in these communities.⁸

PRESENCE OF ADEQUATE DENTAL FACILITIES WITHIN 
THE COMMUNITY

O ral health varies widely among indigenous commu-
nities, but a common issue is lack of appropriate care 

within the community. Oral health status is frequently mea-
sured using the DMFT index, which reports the number of 
decayed, missing and filled teeth, and indigenous communi-
ties often have larger average DMFT scores than non-indig-
enous communities.1 A study in Brazil comparing the oral 
health of an indigenous population to Brazilians as a whole 
found that while the Guaraní Indians have lower DMFT 
scores than other Brazilians (13.6 compared to 20.1), the 
“lost” component comprised a greater proportion of Guaraní 
DMFT scores, 78.1% to 66%, nationally.1 This suggests the 
Guaraní Indians suffer disproportionally from a lack of pre-
ventative and restorative care that would prevent tooth loss, 
while Brazilians may have more tooth decay, yet have access 
to an oral health care facility that allows them to address this 
decay before it worsens to the point of tooth loss.

A lack of adequate dental care in indigenous communi-
ties was also found by Goncalves et al.4 This study evaluated 
the Xukuru group, who receive oral health services from one 
dentist and one dental assistant on an irregular basis.4 The 
study found a high incidence of fillings in the community, 
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governments.7 Continual isolation of communities that wish 
to remain isolated would likely reduce tooth decay prevalence 
in these communities by preventing the nutrition transition 
and would likely have other valuable impacts in the commu-
nity through permitting the maintenance of traditions.

A complication of allowing indigenous communities to 
remain isolated, however, is the possibility that the commu-
nity may continue to lack access to oral health care, as the 
traditional medicinal practices in the community may not 
incorporate dentistry. Many indigenous communities lack 
basic dental care facilities, meaning individuals must travel 
various distances to locate one.3 While indigenous communi-
ties who remain isolated and thus continue to consume tra-
ditional diets may experience more positive oral health out-
comes, this lack of access to care still has serious implications 
on oral health outcomes, as tooth decay can still occur among 
populations who maintain traditional, less sugary diets.6

Furthermore, even those communities with an oral health 
care facility are not guaranteed high quality and culturally 
appropriate care, which can impact oral health outcomes, 
so future interventions must focus on integrating traditional 
indigenous medicine with modern oral health care. For inter-
ventions to be long lasting, practitioners should be integrated 
into the community instead of foreigners stopping by for a 
few months or longer to conduct a study, then leaving and 
allowing oral health to deteriorate. A government-based 
training program for indigenous students to learn dentistry 
could be initiated, along with incentives to encourage indig-
enous dentists to remain in their communities. 

As tooth decay is a multi-factor disease, attempts to 
address it must incorporate a variety of interventions. Each 
indigenous community faces different challenges in improv-
ing outcomes, so there cannot be a “one size fits all” solution. 
Circumstances and demographics of each different commu-
nity must be considered, but one thing is certain — global 
health resources must mobilize to address tooth decay in 
indigenous populations. The oral health outcomes of 10% of 
the Latin American and Caribbean populations depend on it. 

References for this article can be found at 
TuftScope.squarespace.com
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27, 19 First-generation students’ transitions to college are not 
only complicated by cultural differences, but also by the per-
ception of college and one’s identity as a college student. 

Many first-generation students have a mental representa-
tion of college that differs from that of some their continuing-
generation peers: they believe that college is a privilege, not 
a given nor a right.18 As this overarching belief colors what 
first-generation students deem to be a productive use of time 
on campus, they may feel increased pressure to succeed and 
tension between their identities at home and at school.17 As 
higher education may have been perceived as nearly unattain-
able, first-generation students feel added pressure to devote 
most of their energy to academic progress.18, 25 The interac-
tion of these beliefs lead to high expectations and increased 
academic pressure in first-generation students.

Early college GPA is an indicator of success for first-gen-
eration college students.8 Because first-generation students 
highly value college as a means of upward social mobility, 
their GPA affects their perceived ability to match their peers’ 
performance.8 If they perform poorly their first semester, 
then they are more likely to change majors or drop out.8 This 
emphasizes feelings of acculturative stress, during which 
most students believe that the difficulties of acculturation will 
decrease once they complete college and increase their poten-
tial for economic advancement.19 If students do not believe 
that academic success is attainable, they will not believe 
that they can overcome acculturative stress or the pressures 
of college, and will be more likely to quit. This also weaves 
into imposter syndrome, in which first-generation students 
believe that they do not belong in environments of higher 
education and are not fit to take on the role of an undergrad-
uate.7 As first-generation college students are more likely to 
enter college with feelings of underpreparedness, they men-
tally represent themselves as people pretending to belong in 
college, versus capable students deserving spots at their insti-
tutions.16 This mental representation that stems from incom-
patibility between student and home identities can also mani-
fest itself in helplessness when students struggle. Specifically, 
first-generation students are less likely to seek help and men-
tal health resources, as they are prone to stigma perceptions 
and believe it will confirm their imposter status.25 All of these 
factors directly contribute to the buildup of chronic stress and 
the proliferation of other stressors from being exposed to the 
university environment.20 While social support can mitigate 
these stressors’ effects on wellbeing, first-generation students’ 
financial situations and lack of cultural and social capital limit 
the on-campus relationships they can craft. 

Financial strain, in terms of perceived economic stress 
and lack of economic support, is a heavy stressor plaguing col-
lege students.1 Many first-generation students are low-income 
students that need to work to support themselves. This cre-
ates financial stress and disconnects students from campuses, 
especially if they have to work full-time and commute to miti-
gate costs.8 This disconnect hinders first-generation students 
from building faculty and peer connections, which hampers 
their acculturation to college and acquirement of cultural and 
social capital.11 Cultural capital is the general familiarity with 
college norms while social capital is the understanding of 

funding needs to be allotted to the creation of programs that 
ensure these students’ success in higher education. As first-
generation students report more financial stress, their choice 
of institution is highly based on financial feasibility. While 
many private colleges with large endowments have begun ini-
tiatives for low-income students, unmet financial need is still 
an issue. This makes public universities with lower endow-
ments, but lower prices, more attractive to first-generation 
students.1 Private and public four-year universities also have 
different cultures, with private universities’ general populace 
of wealthier, continuing-generation students contributing to 
first-generation students’ feelings of isolation.6

First-generation college students often perceive university 
stressors differently from their continuing-generation peers 

due to their unique lived experi-
ences, cultural capital before col-
lege, and identity formation pro-
cesses. This can lead to different 
coping mechanisms and differ-
ent mental health outcomes. As 
programs have aimed to increase 
enrollment of first-generation 
college students in American 

institutions of higher education, examination of first-genera-
tion students’  experiences and stressors is necessary.

ACCULTURATION AND IDENTITY

For most of higher education’s history, university has been 
reserved for the wealthy and middle class to enter the 

upper echelons of society. Due to their upbringing among 
college graduates, continuing-generation students are aware 
of what is expected in college and how to succeed.6 As first-
generation students did not grow up in this network, they 
need to consult sources outside of their family to acculturate 
to college.18 Acculturation is the adjustment in attitudes, val-
ues, behaviors, and beliefs individuals undergo when transi-
tioning from one cultural environment to another, and accul-
turative stress is experienced as a result.19 While acculturation 
has traditionally been studied in immigrant groups assimi-
lating to the U.S., first-generation students also experience 
cultural mismatch when they matriculate into a four-year 
university.10 American university culture is highly depen-
dent on American middle class norms of independence.10 As 
many first-generation students come from immigrant or low-
income families, collegiate culture is unfamiliar and uncom-
fortable.10 These feelings of alienation and isolation manifest 
as academic acculturative stress, which has been linked to low 
self-esteem, depression and anxiety, and increased attrition.12, 

INSIGHT

Stress Among First-Generation College Students
 Ursula Biba

IN THE UNITED STATES, COLLEGE IS A CULTUR- 
ally accepted period of flux for teenagers transitioning to 
young adults. In the American collective conscious, col-

lege generally conjures feelings of stress and the image of an 
archetypal, confused college student. However, college demo-
graphics are shifting. While colleges used to be comprised of 
majority white, middle class, and continuing-generation stu-
dents, populations of low-income, ethnic minority, and first-
generation students are increasing.18 As college accessibility 
increases through encouragement to pursue higher education 
at the high-school level and new university programs aimed 
at diversifying campuses, studying of the effects of college 
stress on historically underrepresented groups is necessary. 

First-generation students, who make up 50% of under-
graduates, are students whose 
parents did not attain a 4-year 
college degree.16,1 In the U.S., a 
college education is a pathway 
to upward social mobility, which 
motivates many first-generation 
and low-income students to 
pursue a degree.1 Despite this 
motivation, only 10% of first-
generation and/or low-income students have college degrees 
by age 25, compared to 50% of their continuing and/or non 
low-income peers.1 Though not all first-generation students 
are low-income students, and vice versa, both populations 
face similar social and financial stressors in the college 
environment. 

Stress is the homeostatic emotional, physiological, cog-
nitive, and behavioral response to events that individuals 
perceive as threatening.13 Most notably, the stress response 
is triggered when individuals deem that their personal 
resources are not enough to meet the demands of a stressful 
situation.13 While there are many types of stressors, college 
students often fall victim to psychological stressors because 
of their social and academic commitments. As first-gener-
ation students are exposed to stress from acculturation and 
imposter syndrome, they exhibit heightened levels of per-
ceived stress and perceived inability to thrive compared to 
their continuing-generation peers.16 This perceived stress can 
lead to physical outcomes like increased levels of cortisol via 
hypothalamic-pituitary-adrenal (HPA) axis activation, which 
has been linked to weakened immune systems, metabolic 
syndrome, and increased risk of mortality.23, 3 College stu-
dents are also more likely to experience chronic stress, which 
is long-lasting and detrimental.5 While college stressors can-
not be eliminated, coping can mediate the stress response by 
encouraging individuals to reframe challenging situations.20 

While many colleges and universities have invested 
in increasing the enrollment of first-generation students, 

these cultural norms used to create mutually beneficial rela-
tionships and networks.16 As parents usually transmit college 
cultural capital to their children, growing up without parents 
familiar with American higher education promotes accul-
turative stress in first-generation students.14 This, with other 
concomitant stressors like racial and class-based discrimina-
tion, cause first-generation students to perceive more stress 
and cope with it in less active and effective ways.12

THE STRESS RESPONSE

College cultural capital is not only limited to the social 
sector. Cultural capital, or lack thereof, is directly related 

to the stressors first-generation college students perceive and 
their coping strategies. For some low-income first-generation 
students, having been exposed to neighborhood violence or 
racial/ethnic discrimination in childhood has affected their 
ability to cope with stress as young adults.12 Though one can-
not confirm causality between exposure to uncontrollable 
stressors and coping mechanisms, first-generation college 
students do tend to utilize more disengaged and less opti-
mistic coping methods.12 This may be due to first-generation 
students’ lack of knowledge regarding the best college-stress 
coping mechanisms, as they have not been able to discuss the 
unique stressors of college with parents or guardians. While 
continuing-generation students may know that active coping, 
or taking direct action like going to professors’ office hours, is 
the best way to handle academic stress, first-generation stu-
dents are more likely to cope reactively by distancing them-
selves from the stressor.16 Coping reactively overtime leads to 
stress proliferation and higher likelihood of adverse outcomes 
like nervous breakdowns and college dropouts.16 Active cop-
ing ability is a significant predictor of academic success, so 
first-generation students already facing an overwhelming set 
of stressors are also more likely to have lower social and aca-
demic satisfaction and GPAs.16 

First-generation students’ reactions to stress and coping 
abilities are also emotionally linked.1 Many first-generation 
college students report feelings of isolation, marginaliza-
tion, and loneliness.11 This form of chronic stress is often 
tied to emotional responses, and first-generation college stu-
dents have reported that they cope with stressors through 
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dissonance and feelings of anger and frustration.11 This may 
be due to the large emotional ties first-generation students 
have to pursuing higher education. As mentioned previously, 
while their continuing-generation peers view college as a 
natural progression of their lives, first-generation students 
associate college with the pressure of upward social mobility, 
the anxiety of not reaching success, and the guilt of disap-
pointing their families despite their sacrifice and hard work.15 
The underlying difference between first-generation students’ 
personal motives and college norms leads to increased levels 
of cortisol and negative emotions.10 

Some scholars believe that reframing emotional responses 
via value affirmation, which lessens the impact of imposter 
syndrome through attesting to personal values and empha-
sizing self-worth, can help first-generation students decrease 
their amount of perceived stress and adopt healthier coping 
mechanisms.10 This approach carries even more weight given 
the relationship between stress levels and perceived ability to 
cope. When studying first-generation student loneliness dur-
ing the transition to college, researchers found that students 
who reported high levels of loneliness and perceived coping 
efficacy showcased a more adaptive response to the transition 
in their daily cortisol levels.9 Findings also show that students 
with low coping efficacy perceived the college transition to be 
more stressful than they could handle, as their cortisol pat-
terns showcased a chronic, unhealthy stress-response.9 

MENTAL HEALTH OF FIRST-GENERATION STUDENTS

While chronic stress has been proven to lead to negative 
physical health outcomes like metabolic syndrome and 

cardiovascular disease, the current state of wellness research 
in first-generation students is most focused on mental health 
outcomes. Though one study found an association between 
stress in first-generation students and somatic symptoms like 
pain and fatigue, this association was also considered a com-
plex manifestation of psychological problems.26 As first-gen-
eration students perceive a variety of stressors related to their 
families, their belonging, and their academic and financial 
responsibilities, they are more likely to suffer from PTSD, anx-
iety, and depression.12 This is compounded by first-generation 
students’ increased likelihood to have been exposed to more 
traumatic events as children if they come from a lower socio-
economic status.12 With this, acculturation stress in itself has 

been associated with anxiety, demoralization, decreased 
self-efficacy, and reduced psychological wellbeing among 
first-generation students.12, 27 As first-generation students 
deal with interconnected stressors, studies on mental 
health emphasize the role of self-efficacy and belonging to 
first-generation student psychological well-being. 

Psychological well-being is defined as one’s general 
psychological functioning measured through cognition 
and affected by life satisfaction and experiences.26 Of all 
the contributors to psychological well-being, studies on 
first-generation students focus on self-esteem and self-
efficacy due to their relevance in the college experience.26 
As self-esteem is one’s belief in their worth and self-effi-
cacy is one’s belief in their competence, students’ levels of 
self-esteem and self-efficacy impact their identities as stu-

dents and as employees post-graduation.26, 21 Self-esteem and 
self-efficacy have also been cited as predictors of depression.26 
As both measures are dependent on social support, first-gen-
eration college students are at risk for worse psychological 
outcomes due to their split social relationships at home and 
school.26 

This difference in cultural identity creates internal con-
flicts unique to first-generation students that affect academic 
self-efficacy and career expectations.26, 21 While continuing-
generation students are able to focus on building indepen-
dence and social relationships at school, first-generation stu-
dents focus more on familial support.26 This separates first-
generation students from campuses, promoting dissonance 
when school-related problems arise, and perpetuating a nega-
tive feedback loop that lowers self-esteem, self-efficacy, and 
life satisfaction. Decreased self-efficacy also creates internal 
limitations on career aspirations through the social cognitive 
career theory, which states that cognitive personal variables 
predict career outcomes.21 Given that many first-generation 
students’ priorities include attaining upward social mobility 
post-graduation, decreased self-efficacy bolsters students’ 
feelings of imposter syndrome and creates internal strife that 
increases stress, promotes poor mental health, and encour-
ages attrition. 

Feelings of belonging are important to psychological 
well-being and relevant to first-generation students. Based on 
perceived differences between peers and their own families, 
first-generation students report lower levels of belonging, less 
use of on-campus counseling services, and greater levels of 
depression and stress compared to continuing-generation 
students.22 Belonging is tied to perceived value in a commu-
nity, and when an individual is fully integrated into a com-
munity, feelings of value support psychological well-being.22 

Due to their increased likelihood of being a commuter and 
their off-campus commitments like working, first-generation 
students are more likely to feel like they don’t belong.22 First-
generation students also experience family achievement guilt, 
or guilt about their educational achievements because their 
families haven’t had access to education, which is associated 
with depressive symptoms.24 In an environment defined by 
middle class norms, first-generation students feel isolated 
and are negatively affected by lack of peer and institutional 
support.2 In this context, first-generation students are less 

likely to seek out counseling services due to their aversion 
to disclosing their stressors in fear of seeming weak to coun-
seling personnel based on their cultural and socioeconomic 
differences.24, 22 This creates a need for special counseling 
services with bias-aware counselors that address academics, 
family, and the transition to college. Mental health problems 
are critical public health issues on college campuses, and all 
the stressors first-generation students face have been linked 
to college attrition and even suicidal ideation.1 As research 
on the health effects of stress on first-generation students is 
based on psychological outcomes, many intervention pro-
grams target mental health. 

EXISTING PROGRAMS AND RECOMMENDATIONS

Universities have implemented a variety of programs to 
meet the psycho-emotional needs of their enrolled first-

generation students. Living-learning programs are among the 
most effective types of interventions. Living-learning commu-
nities serve as organized housing cooperatives where students 
with similar identities and experiences live, take courses, and 
attend faculty-run programs 
together.16 Given that first-
generation students are 
more likely to experience 
loneliness and isolation, liv-
ing-learning communities 
have been shown to increase 
college-transition success 
and provide students with 
social networks and cultural 
capital.16 Though these pro-
grams are beneficial, they 
require a lot of funding and planning. Given that most insti-
tutions that serve higher proportions of first-generation stu-
dents are public colleges, their lower endowments limit the 
creation of specialized programs. With this, as first-genera-
tion students report high levels of stress and many off-campus 
commitments, their likelihood of committing to these pro-
grams, or even being aware of them, is low.16 

Another successful type of intervention is implemented 
during class and based on value affirmations. As mentioned 
previously, first-generation students often fall victim to  ste-
reotype threat and imposter syndrome. Value affirmation 
allows students to reflect on their experiences and core values 
to reaffirm their integrity and self-worth.10 By allotting time for 
this in large introductory classes, which are some of the most 
intimidating for students, professors give students space to 
reduce stress while validating their experiences. When imple-
mented in an introductory biology course at a large, public 
university, students’ grades in the biology class and other 
classes improved both that semester and the following one.10

Though these interventions have been successful, scholars 
have suggestions for crafting better programs for first-gener-
ation students. One program that can be implemented at the 
institutional level is limits on class size. As class size increases, 
student participation, attendance, and grades decrease.4  If 
universities follow enrollment size mandates, students will feel 
less threatened to interact with peers and professors.4  Though 

this would improve first-generation students’ experiences, it 
is very unfeasible for most universities to have enough faculty 
or the financial resources to hire multiple professors for one 
course. Universities could also implement a tiered approach 
that focuses on handling stress with all students and inter-
vening directly with students at risk for negative mental 
health outcomes. This model includes learning about coping 
mechanisms, meditation groups, support groups, and free 
yoga to first-generation and low-income students.1 Again, 
a program like this would need funding to be successful, as 
well as approval across departments to ensure that students 
are monitored with counseling staff available when necessary.

CONCLUSION

While the amount of literature available on the experi-
ences of first-generation college students has increased 

with their enrollment, there is still a need for more research. 
The majority of existing studies that focus on psychosocial 
factors and outcomes are heavily based on self-report. Though 
this research has elucidated findings regarding acculturation, 

first-generation identity, 
and the importance of per-
ceived belonging in a new 
environment, more stud-
ies are needed on the long-
term health effects of being 
a first-generation student. 
Of increased importance 
is research on the physical 
health outcomes of deal-
ing with heightened stress 
levels associated with first-

generation status, as very little information is currently avail-
able. More studies are also needed on non-health outcomes of 
first-generation students other than college attrition rate. As 
being first-generation influences one’s identity in the work-
force with the persistence of imposter syndrome, studies are 
needed to identify and address systemic factors that continue 
to challenge first-generation students post-graduation.

Once more information is available, there is a need for 
investment in first-generation students on college campuses. 
While many private universities are implementing pro-
grams to increase enrollment of underrepresented students, 
these programs can only do so much to alleviate accultura-
tion stress in a predominantly continuing-education envi-
ronment. Funding needs to be available for longitudinal 
programming that facilitates community and support for 
first-generation students throughout their four years. These 
programs need to be implemented both at private and public 
four-year universities, and staff needs to be culturally aware 
to limit bias and the tokenization of these student groups. 
First-generation students are just as capable of succeeding 
as their continuing-generation counterparts, and programs 
that encourage their enrollment in higher education need 
to be followed by programs that encourage their retention.

References for this article can be found at 
TuftScope.squarespace.com
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prevention STIs and 
HIV/AIDS.

Another pressing 
problem is sexual vio-
lence in post-conflict 
settings, as sexual 
violence reporting 
during flight, dis-
placement, and the 
repatriation phases of 
forced migration has 
increased. In addi-
tion, the healthcare 
system for Ugan-
dan refugees can be 
homophobic and 
transphobic, leading 
to overt and imme-
diate discrimina-
tion when seeking 
medical aid. In fact, 
transgender women 
were often “targeted 
with forcible repara-
tive counseling sessions” because a portion of “mainstream” 
healthcare providers could not accept transgender patients’ 
violations of heteronormative gender binaries that defined 
masculinity through male bodies and feminimity through 
female bodies.7 Overall, the stigma of being LGBT and the 
discrimination that stems from it negatively impacts the qual-
ity of treatment as well as the possibility of treatment itself in 
sub-Saharan Africa.

HEALTH DISPARITIES AMONG MSM

In the entirety of sub-Saharan Africa, the prevalance of HIV 
among MSM is four times that among heterosexual men.6 

The reasons for this disparity are similar to those experienced 
by the general LGBT population, but an analysis of the expe-
riences of MSM populations reveals crucial nuances. 

For one, in Soweto, South Africa the HIV prevalence  
among self-identified gay men (33.9%) is three times greater 
than that of bisexual (6.4%) and straight-identifying MSM 
(10.6%), which are comparable to the national 11.7% HIV 
prevalence identified in 2005. The disproportionate preva-
lence of self-identifying gay men among MSM emphasizes 
health disparities within a group already facing worse health 
outcomes than the national population, pointing to insuffi-
cient support for gay men as a possible result of stigma.8 

A 2013 study in Swaziland found that violence was also 
a common threat to MSM. One participant noted that some 
MSM are “killed for being gay, others are assaulted and others 
are chased way from home and disowned.”9 With the strict 
and criminalized nature of same-sex behavior in Swaziland, 
many MSM were hesitant to report incidents of violence or 
discrimination to authorities. In fact, many reported a com-
plete lack of police protection because of their sexual identity. 

In Swaziland, being HIV-positive and gay, or being a 
MSM, is heavily stigmatized. This could lead to feelings of 

especially Black Africans, who do not fit into heteronorma-
tive social norms are “rendered invisible and unintelligible 
to policy makers, health workers, and communities.”4 This 
inhospitable and dangerous anti-LGBT climate influences the 
lived experiences of the LGBT community and has both indi-
rect and direct impacts on one’s health. (Note that this paper 
mainly refers to sexual minorities as MSM or WSW due to 
the nature of existing literature about LGBT health in sub-
Saharan Africa; sexual behavior does not dictate sexuality, but 
LGBT in this article refers to MSM and WSW.) 

COMMON HEALTHCARE BARRIERS

When investigating the experiences of homosexual indi-
viduals in Swaziland, research finds that discrimina-

tion and exclusion are large barriers to health. Many partners 
are reluctant to seek care together and to disclose their sexual 
behaviors even if the opportunity arises. The assumption that 
everyone has heterosexual relationships does not allow pro-
viders to give the best treatment to all of their patients.5 

In addition, the dis-
crimination against sexual 
minorities can lead to accu-
sations of being cursed by 
witchcraft, which assumes 
that their “conditions” are a 
result of the occult and can 
even bring a curse upon the 
family or make one deserv-
ing of divine retribution. 
The health outcomes of 
LGBT individuals can be 
seen as deserving because 
of their “bad behavior,” and 
once a patient discloses 
their sexual orientation or 

behaviors to healthcare providers, what was once care turns 
into morbid fascination — “ misconceptions, limited expe-
rience, and lack of information about key populations drive 
fear and prejudice.”6 

These issues are exacerbated among LGBT sex work-
ers in Uganda’s post-conflict settings. The response to HIV/
AIDS in displacement and post-conflict settings conform to 
and perpetuate patriarchal, hegemonically masculine, hetero-
sexist, and heteronormative social orders. If sexual practices 
and attitudes do not follow the dominiant heterosexual nar-
rative, they are “silenced and invisibilized within structures 
of programming, policies and service delivery.”7 Moreover, 
sex workers and LGBT individuals are denied access to ade-
quate healthcare services that are crucial to the treatment and 

INSIGHT

Queer Health Disparities in Sub-Saharan Africa
 Leanne Loo

G IVEN THAT SOCIETY AND SOCIAL NORMS  
dictate overall well-being, disease diagnosis, and 
treatment, an understanding of the social and politi-

cal climate in sub-Saharan Africa is crucial to understand-
ing the health disparities that LGBT individuals living in this 
region face. In a paper analyzing the impact of heteronorma-
tivity on the health of sexual and gender minorities in sub-
Saharan Africa, author Andy Seale speaks to how dominant 
heteronormative thinking leaves queer folks out of the narra-
tive.1 By acknowledging how heteronormativity has shaped 
and continues to shape society, countries can build more 
effective strategies to “address harmful social norms that 
drive HIV infection” and encourage collaboration between 
groups focusing on women, girls, men who have sex with 
men (MSM), and women who have sex with women (WSW).1

ANTI-LGBT POLICIES

This heteronormativity is perpetuated by the fact that 
same-sex practices are outlawed in 38 sub-Saharan 

countries. Although same-
sex practices have existed 
since before European 
colonization, the World 
Health Organization cre-
ated an upraor in the 
1990s when it declassified 
homosexuality as a dis-
ease. In response, discrim-
inatory constitutions and 
laws were introduced. For 
example, in Uganda, Tan-
zania, and Sierra Leone, 
offenders can receive life 
imprisonment for homo-
sexual acts. In Sudan, 
southern Somalia, Somaliland, Mauritania, and northern 
Nigeria, homosexuality is punishable by death. Not only 
was the LGBT community targeted legally, they were also 
the victims of social backlash through which “physical and 
sexual violence at the hands of the general public and even 
the police” became more pervasive.”2 In particular, Nigeria 
has enacted legislation that makes it illegal for heterosexual 
family members, allies, and friends of the LGBT community 
to be supportive, making it even more difficult for LGBT 
folks to come out and have a healthy support system. Even 
in South Africa, which is considered the most liberal country 
in sub-Saharan Africa, public displays of gay affection are not 
encouraged because they are a potential threat to one’s safety. 

Nonetheless, Dr. Gemma Oberth and colleagues argue 
that anti-LGBT legislation does not accurately represent the 
de facto culture of tolerance, even indifference, to sexual and 
gender minorities in sub-Saharan Africa.3 However, Africans, 
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self-stigma and shame, with one participant revealing that 
“‘to be like this to me seems like I was created for nothing 
on earth… because there is nobody who is happy about me 
at home and at school.’”9 Receiving an HIV-positive diagno-
sis can also be emotionally damaging; some patients reported 
feelings of depression and anger that eventually led to suicide 
for some participants. Drinking alcohol was also a reported 
coping mechanism, but many participants said that they 
began to cope with living with HIV over time.

In South Africa as a whole, HIV prevalence among MSM 
is estimated to be 26.8%.4 Although rates vary geographically, 
the prevalence in highly populated cities such as Johannes-
burg, Cape Town, and Durban has risen by more than 10% 
since 2008. One large reason is lack of education surround-
ing sexual and reproductive health, especially for sexual and 
gender minorities. A participant noted that many people “do 
not believe that when you have sex with your fellow man you 
can contract infections. They think that amongst men you 
cannot infect one another. They think that you can get infec-
tion only if you have sex with a woman.”4 Misconceptions sur-
rounding non-heterosexual sexual behaviors leads to unsafe 
sex practices and fewer men getting tested for STIs or HIV, 
both of which contribute to the higher HIV prevalence rate 
among MSM. MSM also speak to how presenting for rectal 
STIs makes one vulnerable during treatment, as rectal STIs 
are evidence that “men had engaged in a particular taboo sex-
ual behavior and confirmed popular stereotypes of MSM as 
promiscuous vectors of disease.”10 

Stigma, violence, and misconceptions surrounding the 
spread of HIV and STIs help to explain why MSM in sub-
Saharan Africa have health outcomes that are striking in com-
parison to those of the national population in their specific 
countries, but also speak to the need for better support in the 
healthcare system.
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HEALTH DISPARITIES AMONG WSW

Stigma and violence also play a large role in exacerbating 
and creating health disparities among WSW. 
A study researching the experiences of 250 WSW in Leso-

tho found that 74% of participants experience at least one 
form of sexual stigma, with the most common forms being 
verbal or physical harassment (52%) and blackmail (29%). 
Thirty-one women of the 9% who reported that they had 
been raped (note that 23% of participants did not answer 
questions about rape) believed that their sexual orientation 
was the reason that there 
were raped. The same 
study found that there is 
a large stigma in health-
care, with 22.4% of WSW 
reporting that they were 
afraid to seek health-
care services due to their 
sexuality. One-quarter 
of participants felt that 
healthcare workers would 
not have the ability to address their healthcare needs, and the 
same fraction of participants had heard healthcare workers 
gossiping about them. Disclosing one’s sexuality to healthcare 
workers was associated with 8.5 times greater odds of losing 
employment and 2.5 higher odds of being harassed. The study 
also found that participants 
who had been blackmailed 
in the past were five times 
as likely to report an STI 
diagnosis, and those who 
had been denied healthcare 
due to their sexual orienta-
tion were eight times more 
likely to report an STI.2 
However, this stigma is not 
unique to the healthcare 
system. Many participants 
reported alienation from 
families and communities, 
and some were even chased 
out of toilets and forced to 
leave the house. 

Additionally, when 
compared to heterosexual 
women, Kenyan WSW 
are at a higher risk for developing post-abortion complica-
tions, including mortality and morbidity, as a consequence of 
widespread unsafe abortion. There is strong evidence that the 
majority of induced abortions in Kenya, which occurs at an 
estimated rate of 48 per 1000 women of reproductive age, are 
unsafe. One out of seven WSW reported having an abortion 
and one out of three reported having had at least one STI. 
Similarly, Kenyan WSW may be at a higher risk of contracting 
HIV than the general population. The sample size of the study 
had a higher HIV prevalence (7.5%) than the national aver-
age for women (6.9%). The study also noted that “among per-
sons aged 15-49, from 2007 to 2012, HIV prevalence among 

women in Kenya declined significantly (8.5% vs. 6.2%).”11 It is 
clear that Kenyan WSW could be a high risk group for HIV, 
as well as STIs in general. Thus, it is crucial that stakeholders 
domestically and internationally acknowledge WSW’s sexual 
and reproductive health in programs and policies. 

A qualitative study with twenty-four self-identified les-
bian women living with HIV in Namibia, South Africa, and 
Zimbabwe found that specific barriers to healthcare services 
include misconceptions that lesbians were safe from HIV and 
poor access to physical safe sex barriers like dental dams, fin-

ger condoms, and gloves. 
Sexual violence was also 
an extremely significant 
issue, with one in three 
participants reporting 
being raped.12 

There is also a perva-
sive assumption among 
stakeholders, namely 
researchers, policy mak-
ers, and the general 

public that sexual identity and sexual behavior are directly 
intertwined, but this is not the case for lesbian women in 
the Lesotho South African region. Their identities as lesbian 
women “may not preclude previous, current, or future sexual 
relationships with men.”13 The study indicates that almost half 

of WSW had a boyfriend 
or husband. The majority 
of lesbians surveyed also 
mentioned male relation-
ships and sexual violence as 
reasons for their HIV-pos-
itive statues; 38% reported 
getting HIV from previous 
male partners and one-
third reported becoming 
HIV-positive as result of 
rape.13

Sexual violence and 
stigma are not the only rea-
sons for the prevalence of 
HIV among WSW. Knowl-
edge about safe sex and 
general sexual and repro-
ductive health is low due to 
insufficient targeted edu-

cation for these groups through NGO or government cam-
paigns. Of the WSW in Lesotho who were mentioned previ-
ously, 74% were taught HIV/STI prevention for sex with men, 
but only 38% received information about HIV/STI preven-
tion for sex with other women. 

As with MSM, WSW in the region had higher HIV-
prevalence, experienced violence and even rape for being 
queer, and faced stigma from their peers and the systems they 
sought help from. Efforts to reduce sexual violence and edu-
cate the public about HIV/STIs are steps that can help address 
the gap between the health of WSW and women in hetero-
sexual relationships.

References for this article can be found at 
TuftScope.squarespace.com

HEALTH DISPARITIES AMONG TRANS INDIVIDUALS

There is currently extremely minimal literature on the 
health outcomes of transgender individuals in sub-

Saharan Africa. Literature on how extremely heteronorma-
tive ideals affect the transgender community exists, but given 
the lack of research on LGB health in sub-Sharan Africa as a 
whole, there is even less concerning transgender individuals. 
Researchers in the field acknowledge this, saying “there is a 
lack of research on transgender populations in Africa, and at 
present, there is almost no data available on HIV prevalence 
and risk among transgender people on the continent.”14

HEALTH DISPARITIES AMONG LGBT ADOLESCENTS

LGBT adolescents in sub-Saharan Africa face unique bar-
riers. Double-marginalization prevents adolescents from 

seeking sexual and reproductive health prevention, treatment, 
and care. They experience barriers “accessing LGBT organi-
zations, who fear being painted as ‘homosexuality recruiters,’ 
whilst they are simultaneously excluded from heteronorma-
tive adolescent sexual and reproductive health services.”15 
These barriers to services can likewise be attributed to both 
the “real and perceived criminalization of consensual sexual 
behaviors between partners of the same sex/gender, regard-
less of their age.”15

INTERVENTIONS

There is a strong need for improved interventions focusing 
on LGBT individuals in sub-Saharan Africa. For example, 

the research analyzing the health of WSW in Lesotho suggests 
that employment protection should be a key element of HIV 
prevention.2 A study conducted by the Lund University of 

“It is clear that improving the 
health outcomes of the LGBT 

population in sub-Saharan Africa 
will require not only a change 

in policy, government, and 
healthcare systems, but also a shift 
in how they are perceived by their 

community and stigmatized by 
healthcare workers.”

Sweden proposes the SPEND model for MSM whose rights 
are compromised and live in a region where MSM are heavily 
stigmatized and marginalized. SPEND stands for Safe treat-
ment for STIs, Pharmacy sites for treatments where “pharma-
cies and drug stores are sources of medical advice and treat-
ment,” Education in sexual health for health professionals to 
decrease discrimination, Navigation for patients with HIV 
who have rejected or discriminated against in the healthcare 
system, and Discrimination reduction by educating potential 
leaders about human sexuality.16 A previous study analyzing 
MSM’s experiences with healthcare workers in South African 
township communities recommends training to increase the 
awareness of healthcare workers to sexual health challenges 
that MSM face. They need to build skills that “encourage 
and enable them to offer non-stigmatizing sexual health and 
HIV services to gender non-conforming MSM” and increase 
awareness that sexual behavior is not directly tied to one’s 
sexual identity.10 

It is clear that improving the health outcomes of the 
LGBT population in sub-Saharan Africa will require not only 
a change in policy, government, and healthcare systems, but 
also a shift in how they are perceived by their community and 
stigmatized by healthcare workers. More research is neces-
sary, especially on the health outcomes of and barriers faced 
by transgender individuals in sub-Saharan Africa. However, 
more research on the health of LGBT folks in sub-Saharan 
Africa is needed as well.

Image Source: U.S. Army Reserve Creative Commons

“There is currently extremely 
minimal literature on the health 

outcomes of transgender individuals 
in sub-Saharan Africa.”
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letter of authorization must be 
submitted to the FDA and DEA; if 
these documents are deemed insuf-
ficient in any way, a clinical hold is 
placed and is not lifted until these 
insufficiencies are resolved.1,15 At 
this juncture, researchers submit 
their protocols for the storage and 
disposal of the drug to the DEA. 
If they deem it necessary, the DEA 
can send officials to make a pre-
trial assessment in order to see if 
the cannabis is stored and disposed 
of accordingly. Proper storage 
means locking the drug in a steel 
vault, cabinet, or safe. The cost of 
these storage measures must be 
entirely covered by the research 
institution.1 Some states require 
more authorizations and approval 
from state research panels or medi-
cal examiners.1,15 In total, this process can take years.4

Even if these preliminary requirements are met and the 
study can proceed, the drug still posesses the problem of 
being inherently difficult to study. Researchers cannot inject 
participants with cannabis in order to control for the exact 
amount of the drug taken, as is the case with alcohol studies. 
In smoking the drug, there are individual differences which 
make it hard to account for how much of the drug a partici-
pant is actually ingesting.1 Moreover, there are multiple pos-
sible routes of cannabis administration. Though the major-
ity elect to smoke it, however there has been a 40% rise in 
those who take the drug via oral administration.1,10 Since drug 
effects vary significantly by route of administration, it is hard 
to make conclusions about one route of administration and 
apply it to others.1,14

Additionally, it is difficult to obtain an effective placebo. 
Due to the psychoactive effects of the drug, participants can 
guess fairly easily if they have been given the actual drug or 
the placebo. This affects the internal validity of these studies, 
as it is quite difficult to determine if the drug is more effective 
than placebo.1 

Cost is another barrier to obtaining research on canna-
bis. The NIDA is largely responsible for providing funding 
for this research, but the organization centers around drug 
abuse rather than their potentially therapeutic effects.1,15 In 
fact, 83.5% of the research that NIDA funds examines the 
potentially harmful effects of the drug; only 16.5% focuses 
on therapeutic potential.1 Despite these barriers to obtaining 
marijuana research, there have been some studies with impli-
cations for both the detrimental and curative properties of the 
drug.

PROMISING STUDIES

Recently, there have been studies connecting marijuana 
use to the onset of schizophrenia and other forms of 

psychoses.6 Those who regularly use cannabis are very much 
overrepresented in new diagnoses of schizophrenia, and 

for abuse, and the least utility in the medical field, while 
Schedule V drugs pose the least risk for abuse and the high-
est medical potential. Marijuana is designated as a Schedule 
I drug, alongside heroin, LSD, and ecstasy.3,1,14,15 Even though 
marijuana is now legal in some states, it retains its Schedule I 
status.3,15 The only difference between Schedule I and Schedule 
II drugs is that Schedule II drugs have a well-researched med-
ical use.3,1,15 In order to reclassify a Schedule I drug, its medi-
cal use must first be established. However, Schedule I drugs 
are met with intense regulation in medical research, making it 

difficult for their medical use 
to be established.1,15

In 2002, the Ameri-
cans for Safe Access (ASA) 
movement urged the Drug 
Enforcement Administration 
(DEA) to reclassify mari-
juana as a Schedule III, IV, or 
V drug. The ASA movement 
collected over two hundred 
scientific papers with findings 

for an accepted medical use of cannabis.15 Nine years later, the 
DEA denied their request. The ASA then appealed their case 
to the D.C. Court of Appeals, who upheld the DEA’s decision 
on grounds that the medical research was not sufficient.15

BARRIERS TO RESEARCH

The first step in getting approval to research a Schedule I 
drug is preparing an investigational new drug application 

to the U.S. Food and Drug Administration (FDA) for review. 
In addition to this application, another document, called a 
letter of authorization, must be sent to the National Insti-
tute of Drug Abuse (NIDA).1,15 The letter of authorization is 
important in obtaining research grade marijuana. Since 1968, 
this research grade marijuana has come from only one farm at 
the University of Mississippi, which is operated by NIDA.3,1,15 
The highest THC concentration in this cannabis is 12.4%, 
while the average concentration in commercial marijuana in 
Colorado is 18.7%. Additionally, THC concentrations vari-
ety  significantly in commercial marijuana, with some strains 
having a THC concentration of up to 35%.4 Commercially, 
there is no upper limit as to what this concentration can be.4 
Limited access to clinically relevant marijuana has made it 
difficult to reclassify it.15

In addition to the letter of authorization and investiga-
tional new drug applications, researchers must also submit 
applications for a registration and site licensure with the 
DEA.1,15 Both the investigational new drug application and 

INSIGHT

Higher Education: Barriers to Marijuana Research
 Caroline Smith

ON JANUARY 1, 2014, THE STATES OF COLO-
rado and Washington enacted laws that were the 
first of their kind. Colorado Amendment 64 and 

Washington Initiative 502 radically altered their states by 
changing the legislation surrounding marijuana use to mirror 
laws regarding alcohol use. This involved clauses providing 
guidelines for the now legal use, distribution, and possession 
of marijuana.16 Just shy of a year later, there were a total of 
789 dispensaries in Colorado selling marijuana with widely 
varying concentrations of its active ingredients.2,4 Marijuana 
use across both states has 
increased since the legaliza-
tion of marijuana. In Colo-
rado, there was nearly a thirty 
percent increase in mari-
juana use among eighteen to 
twenty-five year olds in 2017 
alone.10 While marijuana 
use has increased apprecia-
bly, research into its effects 
on health has failed to catch 
up.1,14 Recently emerging reports indicate that this dearth of 
research is primarily due to barriers in obtaining scientific 
information on the drug.1,14,15

BACKGROUND

Cannabis is comprised of two major components: tetra-
hydrocannabinol (THC) and cannabidiol (CBD). THC 

is the component primarily responsible for the psychoactive 
nature of the drug and binds directly to cannaboid receptors 
CB1 and CB2.2 CB1 receptors are present throughout the 
central nervous system and periphery, while CB2 receptors 
are primarily expressed on immune cells.2,6 These cannabi-
noid receptors also bind endocannabinoids throughout the 
body and brain. The second component of cannabis, CBD, 
is thought to be the non-intoxicating component of cannabis 
with little affinity for the CB1 and CB2 receptors.2

Historically, people have been using cannabis for medic-
inal uses since 400 A.D.2 In the US, the drug was used for 
treatment purposes throughout the nineteenth and early 
twentieth centuries, and was even present in the United States 
Pharmacopoeia from 1850 until 1942.2 This era was brought 
to an abrupt end in 1937 when the Marihuana Tax Act was 
passed, spurring a series of laws which limited use and pos-
session of the drug. These laws culminated with its total pro-
hibition in 1970 via the Controlled Substances Act.2 

The Controlled Substances Act of 1970 classifies drugs 
into five different categories called “schedules.” Drugs are 
placed into different schedules based on a variety of factors, 
among them the potential for abuse along with the potential 
for medical use.3 Schedule I drugs have the highest potential 
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those who are diagnosed with schizophrenia and use the 
drug exhibit more positive symptoms and higher rates of 
hospitalization.6,7 This appears to be true especially among 
teenagers and young adults.6 The primary biological basis for 
these studies is that an endocannabinoid agonist, a chemi-
cal that produces a physiological response when bound to a 
receptor, is found in excess in the cerebrospinal fluid of those 
with schizophrenia, potentially implicating the cannabinoid 
system.6 

Other researchers study the physical health risks of the 
drug. One literature review found that smoking the drug is 
associated with an increased risk of developing lung cancer 
and testicular cancer.8 With respect to some cancers, there 
appears to be a positive correlation between this increased 
risk and the number of years that participants used cannabis 
for.8 

Some studies have found just the opposite. Along with 
being effective in treating not only pain, nausea, depression, 
and loss of appetite, some research has shown that cannabis 
may also be a form of cancer treatment itself.9 Researchers 
in this field are studying the ability of cannabis to attack and 
destroy cancer cells, specifically through action at the CB1 
receptor.9 Studies dating back to the 1970s have shown canna-
bis to inhibit both lung adenocarcinoma and also glioma.9,17,18 
In fact, over eighty percent of oncologists and hematologists 
are in favor of patients using cannabis during cancer treat-
ment in light of these studies.9 

Groups of studies in cannabis research like those regard-
ing cancer, which contradict each other, are actually very 
common. Some studies suggest that cannabis can be used to 
treat depression, while some suggest cannabis is linked to the 
development of depression.12,13 Some studies have even con-
cluded that cannabis has no effect on depression.11

META-ANALYSIS

Given conflicting conclusions regarding the health 
effects of cannabis, the National Academies of Sciences, 
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“Marijuana’s classification as a 
Schedule I drug has put many barriers 
in place, making it difficult to obtain 

both approval for studies and the 
drugs relevant to the clinical target.”
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Engineering, and Medicine published a report analyzing all 
of the relevant scientific literature regarding the drug.14 In 
January of 2017, the 407-page document was released. In it 
were ninety-five conclusions drawn from data dating back 
to 1999.14 These conclusions were organized into five catego-
ries of merit: those with conclusive evidence, substantial evi-
dence, moderate evidence, limited evidence, and insufficient 
evidence.14

Of the ninety-five conclusions, only three were deemed to 
have conclusive evidence supporting them; the vast majority 
had either limited or insufficient evidence.14 The health effects 
with conclusive evidence supporting them included the treat-
ment of chronic pain and nausea, as outlined by studies sug-
gesting cannabis as treatment for cancer. Despite this, evi-
dence claiming cannabis as a drug to directly combat cancer 
was determined to be insufficient.14

Interestingly, even though using cannabis as a treatment 
for epilepsy is widely thought of as one of the best researched 
uses for cannabis, it was deemed to have insufficient evidence 
supporting it.5,14 With respect to depression, there is moder-
ate evidence for a small risk of depressive symptoms, but no 
evidence for changes in pre-existing depressive symptoms.14 

The Academies found moderate evidence that cannabis use is 
associated with the development of schizophrenia.14

After hundreds of pages of uncertainty, the report pro-
vided a series of recommendations for the future directions 
of marijuana research. There were four main categories 
of recommendations, all espousing the removal of barri-
ers into research. The first recommendation is to alleviate 
some of the regulatory barriers preventing research, includ-
ing changing marijuana’s Schedule I status. The second is to 
increase the variety of available strains to study; the third is 
to diversify funding. The final recommendation set forth by 
the committee is to standardize the ways in which cannabis is 
researched in order to finally gain insight to the health effects 
of marijuana.14

CONCLUSION

Over five years after marijuana was legalized in Wash-
ington and Colorado, the known health effects of the 

commercialized drug are still a mystery.14 With millions of 
people in the United States taking this drug each year, the 
National Academies of Sciences, Engineering, and Medicine 
have deemed the lack of research a significant public health 
concern to be immediately addressed. Marijuana’s classifi-
cation as a Schedule I drug has put many barriers in place, 
making it difficult to obtain both approval for studies and the 
drugs relevant to the clinical target. Funding is scarce and also 
skewed towards researching the adverse effects of the drug, 
and methodological constraints make research difficult even 
with approval. By addressing these four targets, the scientific 
community can begin to close the gap between the soaring 
prevalence of recreational marijuana and the relative paucity 
of research into the drug.14 

RESEARCH HIGHLIGHT 
LINK BETWEEN ORAL HEALTH AND KIDNEY DISEASE
Kurtis Chien-Young

Logan Zhang is junior pursuing a Psychology major at Tufts 
University. This past summer, he researched the association 
between periodontal disease and chronic kidney disease at 
the Marshfield Clinic Research Institute. 

First off, how did you get involved with the Marshfield 
Clinic? Did you get involved through the Tufts Career 
Center, or did you reach out to the clinic on your own?
I reached out on my own; I was researching online for in-
ternship opportunities related to dentistry and oral health, 
and this opportunity turned up.

Can you tell me about the research project you worked 
on through your summer internship?
Marshfield Clinic is one of few healthcare organizations 
that utilizes combined medical and dental patient data. So 
using these data, I investigated the association between an 
oral condition, periodontal disease, and a systemic con-
dition, chronic kidney disease. Among other analyses, I 
investigated severity of periodontal disease as compared 
to markers of kidney function over time, and discovered a 
potential trend relating decline of kidney function to epi-
sodes of severe periodontal disease. I’d like to thank my 
mentor, Dr. Ingrid Glurich, for helping me to understand 
it’s important to consider the mouth as part of the body 
too, and understand that oral conditions can contribute to 
systemic conditions.

What kind of problems did you face when conducting 
your research? How did you overcome the obstacles?
When working on a case-control study like I did, it was 
incredibly difficult to find the correct control population 
to match my cases. There are just so many potential con-
founding variables in science, especially in retrospective 
studies like mine, that finding appropriate controls is a 
monumental task. We tried our best to control for as many 
variables as possible: age, gender, number of teeth, etc. But 
even so, it was difficult if not impossible to isolate a confi-
dent causal link from this dataset.

How do you think your experience with the Marshfield 
Clinic has affected your long-term career goals?
I got to work and be intimately involved with really 
great research relevant to the field of dentistry. I met and 
worked with a lot of dentists, and I was exposed more to 
the research side of dentistry. Overall, it really opened my 
eyes to another side of my career that I hadn’t considered 
before.

‘Neurodegenerative’ suggests progressive impairment in 
cognitive function, and implies little hope for recovery after 
diagnosis.6 This ideology has prevailed since Kraepelin, as cli-
nicians continue to diagnose schizophrenia in these defini-
tive terms, and generally maintain that it is a “chronic brain 
illness.”6 As neuroimaging began to play a more prominent 
role in psychiatry, studies seemingly confirmed this idea. In 
1976, a paper by Eve Johnstone and Tim Crow for The Lancet 
found via EMI scanning that patients with chronic schizo-
phrenia possessed abnormalities in their cerebral ventricular 
size.7 This finding spurred a wealth of similar studies with 

MRI that demonstrated 
subtle differences in tissue 
volume between the brains 
of diagnosed individuals at 
the onset of the disorder and 
later on through its develop-
ment.8,9 However, in 2003, a 
landmark study conducted 
by researchers at the Men-
tal Health Clinical Research 
Center in Iowa City found 
that the long term admin-
istration of antipsychotic 
drugs in high doses to 

patients with schizophrenia contributed to these observed 
“progressive” changes.10 As the researchers increased the dos-
age of the drug, they observed greater reduction in white and 
gray matter.10 Subsequent studies in animals, especially mon-
keys, have confirmed this effect of antipsychotic drugs on the 
development of the brain, with changes seen in the cerebellar, 
frontal and occipital areas.11 

The prevalence of substance abuse and environmental 
stressors among individuals with schizophrenia also contrib-
utes to its neurological impact. Rates of smoking, cannabis 
use and alcoholism are much higher among schizophrenia 
patients compared with healthy controls.12 These behaviors, if 
sustained  long-term, contribute to a reduction in brain tissue 
volume, and when taken in conjunction with each other, their 
effect is especially prominent.12 In addition, chronic stressors 
present in the environment have been shown to increase cor-
tisol levels, which correlates to a reduction in hippocampal 
volume, a region of special importance to memory and spatial 
awareness.13 

Despite the mounting evidence against the case for neu-
rodegeneration, clinicians continue to accept the Kraepelin-
ian model. This resistance to a change in perspective is in 
part due to “The Clinician’s Illusion,” whereby clinicians are 

EDITORIAL

The Inadequacy of a Schizophrenia Diagnosis
 Sanjana Puri

SCHIZOPHRENIA, AS WESTERN PSYCHIATRY  
has defined it, is a crumbling concept. With the advent 
of a new era in the study of psychotic disorders, where 

understanding the pathogenesis takes precedence over simply 
classifying symptoms, the current definition of schizophrenia 
can no longer be upheld in the manner that it has been since 
its first identification in 1887 by German psychiatrist Emil 
Kraepelin.1 Kraepelin termed the disorder “dementia prae-
cox” or early dementia, and considered it incurable due to 
the rapid deterioration of the cognitive function, with signifi-
cant effects on memory, attention and behavior. He made the 
distinction between schizo-
phrenia and manic depres-
sion (bipolar disorder), 
which he characterized by 
its recurrent manic episodes 
and considered treatable.2 
In the 19th century, Swiss 
psychiatrist Eugen Bleuler 
retermed this disorder 
“schizophrenia” to highlight 
the disjointing of psychic 
functions that occurs after 
its onset, with his patients 
experiencing a disconnect in 
thought, emotion, and behavior leading to broken perception 
and withdrawal into illusion.3 

Though Kraepelin was instrumental in establishing the 
endogenous tendencies of schizophrenia, his “Kraepelinian 
Dichotomy” which considers mood disorders and psychotic 
disorders as two completely separate entities can no longer 
be sustained.4 The distinction between them is becoming 
increasingly muddled - most notably with the discovery of 
schizoaffective disorder, a mental health condition that com-
bines elements of schizophrenia with symptoms of mood 
disorder. This dichotomy is a detriment to effective treatment 
for those who are diagnosed with these conditions. Despite 
major advances in treatment, the proportion of individuals 
who recover from schizophrenia has remained relatively stag-
nant since 1941, suggesting a fundamental misunderstand-
ing of its mechanisms.5 This dichotomous thinking has little 
bearing on the realities of the biological processes of schizo-
phrenia, and its imprecise classification stunts progress in the 
search for its treatment. 

SCHIZOPHRENIA IS NOT SOLELY A 
NEURODEGENERATIVE DISORDER

Schizophrenia is not a neurodegenerative disorder as the 
traditional Kraepelinian model suggests. By regarding it 

as such, psychiatry fails to acknowledge the numerous, fun-
damentally different pathways inherent in its development. 
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with each other, their effect is 
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more likely to come into contact with individuals with severe 
cases of a disorder than those with high functioning forms 
of the disorder, causing their sample size to be greatly biased 
towards those exhibiting the most extreme symptoms.6 Spe-
cialized schizophrenia clinics are more likely to see patients 
with developmental and intellectual disabilities, causing clini-
cians to conflate the symptoms of schizophrenia in a specific 
population of patients with the symptoms of the disorder in 
general.6 Thus, they adhere to the theory that neurodegen-
eration and its claim of progressive impairment in cognitive 
function as they are most often faced with patients that have 
developed the most serious 
symptoms of the disorder. 

This is troubling espe-
cially in the context of the 
plethora of schizophrenia 
studies that are emerging. 
The one prevailing conclu-
sion underlying all of them 
is that schizophrenia does 
not operate along a single, 
defined pathway.14 In 1% of 
cases, it emerges as a muta-
tion in chromosome 22, a 
phenomenon termed 22q11.2 deletion syndrome.15 In a simi-
lar percentage of cases, it comes about as an inflammation of 
the brain resulting from autoimmune disorders.16 Fetal growth 
retardation, perinatal hypoxia and other obstetric events that 
emerge following complications in pregnancy also serve as 
genetic risk factors for the later development of the disease.17 

Individuals who have been exposed to childhood adversity or 
trauma see a rate of schizophrenia diagnosis two times that of 
unexposed individuals.18 Most notably, individuals who have 
suffered five different types of trauma (such as rape, physical 
abuse, childhood neglect and molestation) are 50 times more 

likely to develop a psychotic 
disorder.19 

With such a wide range of 
causal pathways, it is futile to 
define schizophrenia simply 
by its neurological pathways. 
To do so is to ignore all of the 
extremely relevant social fac-
tors that influence its onset. 
Childhood events, substance 
use and genetic predisposition 
all contribute to its develop-
ment, and only a treatment 
plan that considers all these 
elements and their relationship 
to each other can address the 
disorder in its entirety. Exclu-
sively defining it in terms of 
its neurodegenerative impact 
is not only incorrect, it fails to 
effectively tailor treatment to 
patients, thus contributing to 
an environment where schizo-

phrenia is seen as wholly untreatable.20

LIMITATIONS IN DSM-V CLASSIFICATION

Schizophrenia exists at the tail end of a spectrum of psy-
chotic disorders and is not a discrete entity entirely disas-

sociated from mood disorders. Since Kraepelin, it has been 
widely defined as such, despite its DSM-V classification sug-
gesting a more nuanced story.20 The Diagnostic and Statistical 
Manual of Mental Disorders, DSM-V, is the authoritative vol-
ume published by the American Psychiatric Association that 
classifies and defines mental disorders based on input from 

hundreds of international 
experts. Unlike biological 
illnesses, mental disorders 
can not be neatly arranged 
by pathogen or virus. 
Rather, the DSM-V relies 
on a clustering of symptoms 
to diagnose individuals. In 
other words, disorders are 
defined by their symptoms, 
and in the case of the psy-
chotic disorders, diagnoses 
can be vary depending on 

what symptoms the individual shows.21 Psychotic disorders 
listed in the DSM-V include schizophrenia, delusional disor-
der, brief psychotic disorder, bipolar disorder with psychotic 
features, and substance-induced psychotic disorder, among 
others. These disorders are differentiated from one another 
simply by the presence or absence of a particular symptom.20 
Additionally, mood (affective) disorders, including bipolar 
disorder, major depressive disorder, and seasonal affective 
disorder, are only differentiated from psychotic disorders 
by the presence of “mania” and the absence of “psychosis.” 
Mania consists of prolonged periods of elevated or abnormal 
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“There is progression involved in 
psychosis and a spectrum allows 

clinicians a means of tracking 
disorders from their nascent stages 
through their later development.”

behavior, while psychosis is characterized by a loss of con-
tact with reality. As these definitions suggest, the line between 
psychotic and mood disorders is blurred. In fact, a 1975 study 
conducted with 253 patients affected by mood disorders 
found that “psychotic” features (including hallucinations and 
delusions) were common among patients with bipolar dis-
order and that “no demographic, family history, or parental 
home variable was found to distinguish between those with 
and without psychotic features.”22 Diagnosing patients based 
on the symptoms they exhibit at a given point in time and 
failing to acknowledge the overlap between affective and psy-
chotic disorders only contributes to an increasingly confusing 
environment for developing appropriate therapies. Mental 
illnesses can not be cleanly categorized and their fluid and 
individualized nature must be taken into account before diag-
nosis and treatment. 

Additionally, the concept of schizophrenia has been 
developed in such a way that “bears little resemblance to the 
methods of construct formation used in medical and other 
empirical sciences.”23 This criticism posits that a scientific con-
cept is valid if it contains a set of related, observable features 
that hold some kind of predictive power. Since schizophrenia 
does not satisfy these con-
ditions, it can not be con-
sidered under that title.23 
Defenders of the current 
approach to diagnosing 
and treating schizophrenia 
may claim that it is simply 
a highly complex biologi-
cal process that can not 
be assessed in the manner 
that other mental disorders 
are, and research attention 
should focus on tracking 
its etiology rather than debating its deficiencies.9 This defense 
is not only short-sighted, but it rests again upon the idea that 
schizophrenia is unique brain illness that is not at all related 
to other psychotic disorders. Schizophrenia is an ineffective 
diagnosis and it necessitates treatment that is highly variable 
depending on its origin.24 Though it may trace a general path-
way and be characterized based upon a few key symptoms, 
it is far too nebulous to be seen as a discrete entity. Rather, it 
should be considered along a spectrum. A spectrum allows 
for medical care providers to see psychotic disorders through 
their relationship with each other, allowing for earlier detec-
tion.25 Those individuals that are at higher risk of developing 
some kind of psychosis will be diagnosed at an  earlier stage 
and treated before they are confronted with a fully devel-
oped psychotic disorder.25 There is progression involved in 
psychosis and a spectrum allows clinicians a means of track-
ing disorders from their nascent stages through their later 
development. 

One of the most alarming facts about the state of psy-
chosis classification is that though schizophrenia accounts 
for only 30% of psychosis morbidity, it is the only psychotic 
disorder that has been classified as a discrete brain disorder; 
the remaining 70% of of deaths come as a result of psychotic 

disorders that are only “communicated through classification 
manuals.”20 Schizophrenia is given enormous attention and 
the connection between it and the other psychotic disorders 
is seen as attenuated. 

When psychotic disorders are not viewed in the context of 
each other, and when their symptoms and outcomes are seen 
as unrelated, it becomes difficult to recognize overlap, leading 
to the overtreatment of a specific disorder and the negligence 
of another. Antipsychotic drugs remain the primary means 
of schizophrenia treatment, but, as mentioned previously, the 
heterogeneity in its development demands that other treat-
ments should be considered before prescribing antipsychotics 
in high doses. A psychosis spectrum allows treatments to be 
tailored to the symptoms exhibited rather than being bound 
to a certain diagnosis.

CONCLUSION

A  diagnosis of schizophrenia remains disempowering 
and stigmatizing for many individuals.26 Those with 

the disorder are often left socially disadvantaged by people 
who are aware of their diagnosis, and in some cases, are vic-
tims of predatory psychiatric treatment.27,28  South Korea has 

overturned the use of the 
term altogether, renam-
ing it from jungshinbu-
nyeolbyung (mind split 
disorder) to johyeonbyung 
(attunement disorder), as 
to “metaphorically [imply] 
that schizophrenia is a 
brain disorder in which the 
neural circuitry is inade-
quately tuned,” rather than 
a completely untreatable 
impediment.29 In 2002, 

Japan renamed the disorder Togo Shitcho Sho (integration 
disorder) as a response to the stigma surrounding it and its 
ambiguity as a “mind-split disorder.”30 Thirteen months fol-
lowing the name change, 86% of surveyed doctors said that 
the new term made communication with patients easier and 
in 2004, 69.7% of patients were made aware of their diagnosis 
as opposed to just 36.7% in 2002.30 Other countries must fol-
low suit and recognize that schizophrenia is a disorder that 
is rooted in antiquated classifications and excessively gener-
alized biological processes. Even Kraepelin himself declared 
that “the causes of dementia praecox are at the present time 
still wrapped in impenetrable darkness.” By upending the use 
of the term and shifting to a model that views psychosis as a 
gradient, with schizophrenia at the most extreme end, those 
individuals with psychotic disorders will receive treatment 
that reflects their symptoms regardless of the severity of their 
disorder. Schizophrenia is a disorder whose mechanisms still 
remain unknown and whose diagnosis carries far too great 
of a burden to allow for it to be so confused in its definition.

“Individuals who have been 
exposed to childhood adversity or 
trauma see a rate of schizophrenia 

diagnosis two times that of 
unexposed individuals.”

References for this article can be found at 
TuftScope.squarespace.com
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A NEW MODEL COMBINING MEDICINE 
AND THE HUMANITIES

The Mount Sinai School of Medicine rec-
ognized that excellent future physicians 

may not always be particularly interested in 
an undergraduate major in the natural sci-
ences. The school founded the nontradi-
tional HuMed program in 1987, in which a 
small number of humanities and social sci-
ence students are accepted into the medical 
school.1 Since renamed the FlexMed pro-
gram and opened to students of any col-
lege major, applicants are not required to 
take organic chemistry or advanced science 
courses, and do not take the Medical Col-
lege Admission Test (MCAT) but rather are 
evaluated based on high school and college 
transcripts, letters of recommendation, SAT 
scores, and relevant experience.6 In addi-
tion, students who have not been exposed 
to advanced science courses are required 
to attend an eight-week summer enrichment program prior 
to matriculation, which covers foundational biochemistry, 
genetics, and cell biology.1,6 Evaluation of the success of stu-
dents admitted through the HuMed program from the classes 
of 2004 through 2009 revealed that these nontraditional stu-
dents performed at the same level as their traditional premed-
ical peers, as evaluated by the Medical Student Performance 
Evaluation (MSPE), and there were no significant differences 
in commencement honors or distinctions.1 The numbers did 
reveal that HuMed students were less likely to pursue surgery 
or anesthesiology subspecialties, more likely than their peers 
to complete a mentored research project, and more likely to 
pursue residencies in primary care and psychiatry.1 Given that 
current projections predict a shortage of primary care physi-
cians between 14,800 and 49,300 by the end of year 2030, per-
haps it would be beneficial to increase medical admissions of 
non-traditional undergraduates who would be more likely to 
pursue the field.7

EXTENSION OF THE OLD MODEL

On the other hand, medical science is rapidly progress-
ing, and there is only so much time to cover the basics 

in a four-year program. Dr. Jules Dienstag of Harvard Medi-
cal school argues for more advanced and specific scientific 
preparation: “Current college courses that fulfill admissions 
requirements are not adequately focused on human biology 
... they offer little value to the premedical — or advanced 
human biology — student and steal time and attention from 
more relevant science preparation.”4 Critics such as Dienstag 
call for more relevant and advanced scientific preparation in 
biological sciences, rather than a variety of broad, entry-level 
science courses. Dienstag also emphasizes the importance 
of innovation, integration, and communication across disci-
plines, which he argues is critical when it comes to a career in 
medicine.4 After all, patients never present as multiple-choice 
test questions. 

this is not always the case. Predental science GPA has indeed 
been found to correlate with dental school GPA according to 
a study at the University of Iowa which examined statistics 
from the dental classes of 2000 through 2007.2 The research-
ers summarized this correlation as meaningless in the con-
text of career success, however, and highlight that the dental 
school’s admission requirements were actually selecting for 
good test-takers: “students who have done well on standard-
ized, multiple-choice, fill-in-the-dot tests are likely to do well 
on subsequent standardized, multiple-choice, fill-in-the-dot 

tests.”2 There is certainly 
difficulty in creating a 
holistic measure of career 
success, so many studies 
focus simply on measures 
of graduate school success. 
A 2009 study at Colorado 
State University found 
no statistically meaning-
ful relationship between 
pre-veterinary coursework 
success and class rank in 
veterinary school, which 
could indicate that the pre-
veterinary curriculum does 
not even predict success 
in veterinary school.3 The 

study concluded that the curriculum could be “unnecessarily 
restricting access to the profession by requiring ... prerequi-
site courses that have questionable predictive value.”3  

CULLING THE CROWD AND ORGANIC CHEMISTRY

Questionable predictive value certainly does limit the 
number of aspiring professionals who make it through 

the pre-health requirements. In fact, many accept that the 
current premedical classes serve as a “necessary gauntlet that 
thins out the applicant pool.”4 While statistics vary across 
institutions, a number of students decide to change their path 
for a variety of reasons. Researchers surveyed 97 premedi-
cal students at a small liberal arts college, 44 of whom had 
“dropped pre-med,” or decided not to become physicians.5 
Two-thirds of those 44 students had decided against becom-
ing a physician at least in part due to poor grades, and of those 
who indicated poor grades, 78% indicated organic chemistry 
was the course that changed their career plans.5 Critics of the 
current premedical system point to organic chemistry as a 
significant roadblock which eliminates students who would 
have otherwise become excellent physicians.

EDITORIAL

Pre-Health Education in the Modern World 
 Jamie Tebeau

THE PRE-HEALTH STUDENT FACES QUITE       
the challenge during their undergraduate years. Given 
the extreme rigor of admissions into graduate health 

programs, these undergraduate students face the pressure of 
sustaining a near-perfect GPA and performing well on stan-
dardized testing, all the while acquiring research and clini-
cal experience that makes them stand out from the crowd. 
Each of these aspects of the application are then evaluated 
to determine the student’s preparation for the graduate pro-
gram. But is the pre-health curriculum truly preparing stu-
dents to become proficient 
in today’s rapidly evolving 
fields of medicine and den-
tistry? Ongoing research 
on the undergraduate 
requirements for health 
graduate school admis-
sions frequently offer lim-
ited predictive value of 
future success, but there is 
hope in suggestions from 
leading educators.

HISTORY OF THE 
PREMEDICAL 
CURRICULUM

While medical, den-
tal, and veterinary schools vary in their specific course 

requirements, they share the same general class prerequisites: 
two semesters each of biology, general chemistry, and physics, 
in addition to at least one semester of organic chemistry and 
biochemistry. Individual programs may require more specific 
courses such as genetics, microbiology, physiology, or public 
speaking. There are several schools of thought regarding the 
effectiveness of this curriculum in preparing students for the 
rigors of the graduate program and the career beyond. Many 
of them encourage revision. The current system has been in 
place since American educator Abraham Flexner called for 
medical schools to establish stricter requirements for admis-
sions in his 1910 report, which highlighted the necessity of 
scientific undergraduate education. Within two decades, the 
“modern” pre-health curriculum was established.1 Despite 
numerous complaints throughout the years, Flexner’s system 
remains mostly intact.

EFFECTIVENESS OF THE CURRICULUM

One would assume that students who were the most 
prepared (i.e. performed best in the required under-

graduate courses and scored highest on standardized test-
ing) would proceed to succeed in the graduate program and 
beyond, but opposers of the current system recognize that 
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THE NEW MCAT: PROMISE FOR THE FUTURE?

The MCAT, the standardized testing required for medical 
school admission, is one of the ways in which medical 

schools are able to tease apart applicants.  In 2015, the Associ-
ation of American Medical Colleges (AAMC) released a new 
version of the MCAT.8 This new version added components 
in biochemistry, psychology, and sociology, while maintain-
ing the previous elements in biology, chemistry, physics, and 
verbal reasoning.8 While research is ongoing in the realm of 
the validity and reliability of the new MCAT, proponents are 
optimistic that the AAMC seemingly recognizes the impor-
tance of education in psychology and sociology given the 
health effects of behavioral and social factors.9 Perhaps dental 
and veterinary schools will follow soon after in revising their 
perspectives of what best prepares students for the profession.

CONCLUSION

Unfortunately, there is no undergraduate curriculum or 
standardized test that can fully prepare students for what 

the health professions require. Careers in human and veteri-
nary medicine and dentistry require astute communication 
skills, self-awareness, patience, respect, compassion, commit-
ment, and courage — values that cannot be revealed by grade-
point average. These qualities can be evaluated, however, by a 
student’s interests, experiences, and demeanor, which is why 
a holistic approach to admissions is crucial in selecting the 
best future professionals. However, thorough understand-
ing of biological principles and the art of scientific thinking 
remain paramount in an age of rapidly-advancing medical 
knowledge. Pre-health education, then, should be regularly 
evaluated and revised to better meet the needs of the modern 
medical, dental, and veterinary fields.

“Careers in human and veterinary 
medicine and dentistry require 

astute communication skills, 
self-awareness, patience, respect, 
compassion, commitment, and 

courage — values that cannot be 
revealed by grade-point average.” 

References for this article can be found at 
TuftScope.squarespace.com
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in a survey of healthcare professionals who work 
with brain-dead patients in Cleveland, only one-
third of them thought that their patients could be 
considered dead. It seems clear that a brain-dead 
patient is alive in the same sense that a plant or an 
amoeba can be alive. An organism dies only when 
all coordinated biological functions cease. It is for 
this reason that Singer advocates a return to the 
previously accepted cardiopulmonary definition 
of death.  

Yet, something vital to the life of a human 
being is missing in cases of irreversible coma -—
consciousness. The Harvard Report was helpful in 
identifying irreversible loss of consciousness as a 
necessary condition for death. We care about con-
sciousness because it is through it that we are able 
to experience our own existence and formulate 
personal identities. Without consciousness, life is 
perceived to have little value to an individual.  

For example, compare a situation in which one is 
involved in a catastrophic car accident and killed instantly 
upon impact, with a similar car accident in which one’s brain 
is damaged beyond repair. In the latter scenario, the accident 
victim’s body remains alive biologically, but has lost all capac-
ity for consciousness or perception — it can no longer experi-
ence the world in which other humans are alive. Permanent 
unconsciousness in a biologically living body is identical to 
death because, as far as we know, death is the permanent 
absence of consciousness. Following this reasoning, some 
have argued that the brain need not be completely dead for a 
person to be considered dead. Rather, the permanent loss of 
function in the cerebral hemispheres, the regions of the brain 
from which memory, consciousness, and personality stem, 
should be sufficient for society to acknowledge that a person 
has died, even if their body remains biologically alive.

Jeff McMahan, an American philosopher, summarizes 
this view by saying that “each of us is a mind, a subject of 
consciousness, which is sustained by the functioning of his 
or her brain, which is in turn sustained by the functioning of 
his or her organism … If we are entities that essentially have 
the capacity for consciousness, then we cease to exist when 
we irreversibly lose that capacity.”4 McMahan does not go so 
far as to say that one who has permanently lost consciousness 
is dead but, rather, that they have “ceased to exist.” This may 
just be a semantic distinction — it is not a stretch to say that 
the irreversibly comatose are dead. If the state of death in a 
person consists of the complete absence of consciousness and 
perception, then one who permanently lacks both conscious-
ness and perception must be dead.

Singer criticizes this view because he believes that people 
will find it hard to accept that a person without higher brain 
function is dead: “If, as we have seen, people already have dif-
ficulty in accepting that a warm body with a beating heart on 
a respirator is really dead, how much more difficult would it 
be to bury a ‘corpse’ that is still breathing while the lid of the 
coffin is nailed down?”3 Most would be uncomfortable with 
the idea of burying a body that is still breathing. 

 Death, and the treatment of the dead, are delicate matters 

had lost all brain function because they were still considered 
to be alive so long as their hearts were still beating. Harvest-
ing organs from these patients would result in the cessation 
of cardiopulmonary function and thus would be considered 
murder under the law. To get around this, the Committee 
defined death as having “occurred in an individual sustain-
ing irreversible coma as a result of permanent brain damage,” 
as evidenced by unresponsiveness to external stimuli, lack 
of independent movement or breathing, lack of reflexes, and 
lack of electrical activity in the brain.2 The Committee’s report 
was considered to be progress because it acknowledged that 
our definition of human life should not merely depend upon 
a warm body with a heartbeat. Their new definition and cri-

teria were adopted across the 
United States. 

Nevertheless, there is rea-
son to question the Commit-
tee’s recommendation. The 
Committee claimed that its 
proposal is rooted in medicine 
but failed to present any bio-
logical reasons for their redefi-
nition of death. Specifically, 
the Committee stated that 
“judgement of the existence of 
these criteria is solely a medical 
issue,” however, in their argu-

ment for changing the definition of death, they cited mostly 
legal and practical issues and not, as one might expect, medi-
cal sources. For example, the report recommends that death 
be declared before a patient is taken off life-support because 
“otherwise, the physicians would be turning off the respirator 
on a person who is, under the present strict, technical appli-
cation of law, still alive.”2 Indeed, not only the law but most 
people intuitively understand that a person on life support is 
still alive. It is clear that, even without brain function, there 
is still coordinated biological function within a permanently 
comatose patient. Thus, it is a fiction to believe that someone 
is already dead while still on life support, or that someone is 
not dying when life-support is turned off.  

Noted Australian moral philosopher Peter Singer points 
out that many of the brain’s functions can continue in the 
absence of electrical activity. For example, homeostasis is 
still regulated by the brain and as a result, “when brain-dead 
patients are cut open in order to remove organs, their blood 
pressure may rise, and their heartbeat quicken.”3  Singer argues 
that the certification of brain-dead or irreversibly comatose 
patients as “dead” violates basic intuition, pointing out that 

EDITORIAL

Not Dead, But Dead
 Zachary Berman

THERE IS AN ADAGE IN EMERGENCY MEDI  
cine, and for good reason, that “nobody is dead until 
warm and dead.”  In May 1999, Anna Bågenholm lost 

control while skiing across a frozen alpine stream. Falling 
through the ice, she became trapped in the frigid meltwater 
for more than an hour. Before being rescued, her body tem-
perature plummeted from 37 to 13.7 degrees Celsius, caus-
ing her heart and lungs to stop. Bågenholm was as good as 
dead under most people’s definitions. But she wasn’t warm 
and dead. Four hours later, after being airlifted to a hospi-
tal and rewarmed using a cardiopulmonary bypass machine, 
Bågenholm’s heart began to beat again. Bågenholm regained 
consciousness and now lives with only little nerve damage in 
her hands and feet.1 Cases like 
this provoke us to question our 
intuitive definitions of death.  

Before the advent of mod-
ern medicine, the absence of a 
heartbeat and breathing were 
sufficient criteria in classify-
ing an individual as dead. It 
was understood that when 
these functions stop for any 
extended period, cognitive 
function ends and the person 
ceases to exist. It is now possi-
ble, however, for life to be sus-
tained without any independent cardiopulmonary or brain 
functioning. Patients without any cognitive function can per-
sist in a vegetative state for extended periods, yet often can-
not be declared dead because of antiquated laws and views 
regarding death. The solution to this dilemma is to reevalu-
ate what we value in biological life and separate it from our 
definition of what it means for a person to be alive. What we 
value in life is consciousness resulting from the functioning 
of the cerebral hemispheres, i.e. “higher brain functions.”  
While a body can be kept alive through artificial means, in 
the absence of higher brain functions, a person is dead.

For much of human history, it was understood that 
when a person’s heart stops, coordinated biological function-
ing within a person would inevitably cease. As medicine has 
developed, conceptions of death have become more multi-
faceted, taking into account evolving values and new under-
standing of science and philosophy. Unfortunately, legal stan-
dards for death have lagged behind societal understanding. 

The Ad Hoc Committee of the Harvard Medical School to 
Examine the Definition of Brain Death published a report in 
1968 that proposed a new definition of death that included 
consideration of both patient brain function and develop-
ments in life-sustaining therapy. At the time, the law pre-
vented doctors from harvesting the organs of patients who 
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in society and our intuitions are often governed by tradition 
and culture.  A person in Western society would most likely 
be uncomfortable with the idea of a Tibetan sky burial, where 
a corpse is left on a mountaintop to be consumed by vultures..  
This practice is justified by the belief that the body is just a 
vessel for the spirit. According to Tibetan belief, “when the 
body dies, the spirit leaves, so there is no need to keep the 
body.”5 In the case of irreversible brain damage resulting in 
the permanent loss of consciousness, what we care about in 
biological life — the person and their ability to have experi-
ences, set goals, and form memories — has also left. 

Just because we are uncomfortable with the tradition 
of sky burial does not mean that the person being buried is 
not dead. In the same vein, just because we are uncomfort-
able with the idea of burying a person in a vegetative state, 
does not mean they are not also dead. Neither does it mean 
that burying vegetative patients who are biologically alive, but 
whose consciousnesses are dead, is practice we have to accept 
if it conflicts with tradition and culture. McMahan states: 
“[We] do not think that corpses have interests or rights, but 
we recognize that there are ways in which it would be disre-
spectful to treat them. Precisely the same is true of a persis-
tently vegetative human organism: there are various forms of 
respect that it is owed by virtue of its association with the per-
son who once animated it.”4 Even if the we acknowledge that 
a body without the capacity for consciousness is not a living 
person, we can maintain our traditions surrounding death. 

While it is true that a human body can go on living absent 
any brain function, it would be a folly to commit ourselves to 
a purely biological view of death that fails to take into account 
the essential elements of life we value as human beings. Today, 
it is fair to say that a person is dead when they have suffered 
irreversible loss of consciousness, a viewpoint that was wholly 
controversial just years ago. As society continues to evolve, it 
is vital that our definitions of death maintain the pace. 

Image Source: Pixabay Creative Commons

“It would be folly to commit 
ourselves to a purely biological 
view of death that fails to take 

into account the essential 
elements of life we value as 

human beings.”
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significant bureaucratic constraints. For the physician, the 
resulting frustrations from these limitations can contribute 
to burn out. In one study, physicians who provide EOHD to 
undocumented patients report emotional exhaustion from 
witnessing needless suffering and high mortality as well as 
being forced to treat undocumented patients differently.11 The 
sentiment is not limited to nephrologists. An internist from 
New York recounts in her book the demoralizing experience 
of treating a chronically ill patient who was barred from the 
heart transplant waitlist due to their undocumented status.12

There are many constraints involved in the medical care 
of undocumented patients. Physicians need all possible 
options to give undocumented patients treatment based on 
clinical concerns and not legal or monetary ones. If clinicians 
can refer undocumented patients to places where the desired 
treatment is available to them, there will be better prognosis 
for both patients and physicians. 

UNIVERSAL HEALTHCARE, THE FINAL RESOLUTION?

Transferring patients comes with its own set of challenges, 
such as the burden of stabilizing patients through a trans-

fer or fiscal challenges imposed on a handful of states. In a time 
when healthcare becomes an increasingly precious commod-
ity to all, immigrants’ health is often treated as secondary to 
that of neutralized citizens. Until there are legislations in place 
to address the need of the uninsured population as a whole, 
there will always be argument against providing the undocu-
mented with primary care, and a few cities have realized as 
such. Healthy San Francisco was the first comprehensive 
local program that subsidizes non-emergency services to the 
uninsured, regardless of immigration status. Studies showed 
in terms of diverting patients from the emergency room to 
the primary physicians, the program was largely successful.13 

14  Most recently, Mayor Bill de Blasio introduced NYC care, 

there needs to be an alternative option for rationing care. 
Transferring undocumented patients to states with more 
resources to care for them may be the best solution to curb 
medical deportations, as it makes fiscal sense without com-
promising the ethical principles of medicine. 

INCREASED ACCESSIBILITY TO CARE

Uninsured and undocumented patients often make use of 
community health clinics and safety net hospitals, but 

there is no stable funding source for these institutions to care 
for the undocumented. Hospitals cover the costs of provid-
ing uncompensated care through different sources: non-prof-
its, charity, and the Disproportionate Share Hospital (DSH) 
funds. Provided by the federal government, the DSH funds 
are vulnerable to budget cuts.7 After these funds were slashed 

following the passage of the 
Affordable Care Act, emergency 
rooms in some states were shut 
down due to the lack of funding, 
which put the health of many 
undocumented patients in jeop-
ardy.7 8 

Transferring undocumented 
patients can help make sure the 
patients have access to the care 
they need as some states have 

better safety nets than others. In Massachusetts and Califor-
nia, undocumented immigrants without deportation orders, 
also known as “Permanent Residents Under Color of Law” 
(PRUCOL), can access to public health insurance such as 
Medicaid.9 However, in Texas, undocumented immigrants 
are not given PRUCOL status and can receive no public ben-
efits, medical or otherwise.9

There is also considerable variation in treatment acces-
sibility within a state. An undocumented person living in 
San Antonio, Texas, can get scheduled dialysis paid for by the 
county hospital system.9 However, in Dallas, the only option 
for undocumented patients is “emergency-only hemodialy-
sis” (EOHD).10 So they are forced to wait until the symptoms 
are life-threatening to receive care.10 This practice not only 
increases patient mortality, but also increases the cost.10 Refer-
ring undocumented patients to other cities or even states may 
help them access a treatment that makes a difference between 
life and death.  

Even when undocumented immigrants have access to 
health care, the treatments available to them often carry 

EDITORIAL

The Ethics of Transferring Undocumented 
Patients to States with Better Medical Coverage
 Annie Phan

WHETHER   UNDOCUMENTED   IMMIGRANTS 
are entitled to social goods such as healthcare 
will continue to be a topic of fierce debate in the 

current political climate. However, the reality is many have 
already been affected by the lack of legislation surrounding 
health care and immigration. One thing is evident: The medi-
cal needs of the undocumented community cannot wait for 
the country to reach an agreement on immigration.1 Hospitals 
need more discretion in providing care for undocumented 
patients, especially in helping undocumented patients find 
medical coverage in another state.

PREVENT MEDICAL DEPORTATION

In 2008, the New York Times published an exposé on one 
of healthcare’s ugliest secrets, the repatriation of undocu-

mented patients to their home 
countries.2 Mr. Jimenez, an 
undocumented and uninsured 
Guatemalan immigrant, was 
critically injured on U.S. soil. 
After a long and expensive hos-
pitalization, Mr. Jimenez was 
stabilized. The hospital airlifted 
him back to his country to the 
objection of his family.3 With-
out the rehabilitation he needed, 
Mr. Jimenez suffered cognitive damage for the rest of his life. 
Although the court overruled the initial order that gave the 
hospital the authority to discharge Mr. Jimenez, a decade 
later, there is still no accepted policy for delivering long-term 
care to undocumented and uninsured immigrants.3

Although there is no reliable data on the frequency of 
the practice, it is estimated that hospitals around the country 
deport one dozen to one hundred undocumented patients a 
year.4 These patients’ most basic rights, such as due process, 
consent, and autonomy, were violated in the process.3,5

Under the Emergency Medical Treatment and Active 
Labor Act, hospitals are mandated to stabilize all individuals 
that come through emergency rooms’ doors and to arrange 
places for the patients to go post-discharge.5 However, find-
ing nursing homes or rehabilitation centers for undocu-
mented patients can be challenging, as thirty-nine percent of 
undocumented immigrants are uninsured.6 Bound by these 
two laws, hospitals have to make a tough decision when it 
comes to undocumented patients without insurance, either 
discharge the patients to sub-optimal care in their home 
country, or to spend more tax-subsidized medical care to 
rehabilitate these individuals in the U.S.3 

In order to keep hospitals from making the first choice, 
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a program that targets the city’s 600,000 uninsured residents; 
about half of them are undocumented immigrants.15An esti-
mated 100 million dollars would be drawn from the city bud-
get to enable the uninsured to seek healthcare service in the 
public hospital system and pay according to their ability. Due 
to the newness of the program, there is a lack of hard data 
on the cost and benefit. However, should the program suc-
ceed, it will be a compelling argument for universal healthcare 
nationwide. 

CONCLUSION

Some fear that transferring undocumented patients away 
from states that do not address their medical needs may 

enable government officials to continue to ignore this vulner-
able population. However, this is a political issue that should 
be addressed through advocacy, not by limiting undocu-
mented patients to medical care in their home state. 

There is also a concern that transferring undocumented 
patients from across the nation to only a few states will over-
whelm the medical infrastructure of those states. Even further, 
one might argue that transferring undocumented patients can 
inadvertently help them avoid law enforcement. Nonetheless, 
immigration and medical concerns should be kept separate. 
When it comes to undocumented patients, hospitals should 
be able to make their decisions based on medical ethics and 
not immigration status. 

The transferring of undocumented patients can poten-
tially resolve the economic quandary involved in providing 
care for them. Careful monitoring and comprehensive data 
collection on these transfers will help avoid overcrowding 
safety net hospital systems and evaluate the effectiveness of   
the practice. 
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“The medical needs of the 
undocumented community 
cannot wait for the country 
to reach an agreement on 

immigration.”
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proposed mechanism is dysfunctional production of reactive 
oxygen species through mitochondrial metabolism. Nor-
mally, the mitochondrion carries antioxidant molecules that 
counteract the oxidative properties of reactive oxygen spe-
cies, but dysregulation can lead to build-up of these damaging 
oxidizers. Given this vulnerability, mitochondria are a prime 
area of study in Alzheimer’s research. In a paper published to 
Nature in September 2018, the researchers at the Cohen Lab 
identified the mitochondrial protein humanin as a potential 
factor in the neurobiology of Alzheimer’s.

During preliminary studies, the researchers were able to 
demonstrate that, in cell cultures, the analogue humanin-
S14G could prevent high levels of reactive oxygen species.9 
With in vitro results in hand, the next logical step was to see 
if effects of humanin on reducing reactive oxygen species 
could be correlated with noticeable behavioral changes in 
animal models. The researchers used female mice that were 
18 months old, meant to represent an age of approximately 56 
years old in humans.9,10 The mice were treated with humanin 
every two weeks, then subject to a series of behavioral tests for 
evaluating cognitive aging. After a couple of months of huma-
nin treatment, the mice that received humanin performed 
better when forced to balance on an unsteady platform and 
navigate mazes testing spatial memory.9 Post-mortem analy-
sis of the brains of humanin-treated mice also revealed some 
distinct characteristics. Though humanin treatment did not 
successfully stimulate growth of neurons in the hippocam-
pus or structural changes in brain cells that denote cellular 
aging, it was associated with decreases in brain inflammation, 
as observed by the lower levels of inflammatory markers like 
tumor necrosis factor or interleukins.9 Overall, it appears that 
humanin is protective against some of the prodromal symp-
toms of Alzheimer’s. 

Finally, the researchers were interested in investigat-
ing differences in humanin expression among humans. One 
specific single nucleotide polymorphism, located toward the 
end of the gene that codes for humanin, was found to reduce 
humanin levels in the bloodstream by 14%.9 A survey of over 
12,500 participants found that this specific polymorphism 
was associated with accelerated cognitive aging among Afri-
can-American seniors relative to Caucasian-Americans or 
Hispanic-Americans.9 Additionally, this polymorphism was 
found with greater prevalence among the African-Ameri-
can and Hispanic-American seniors surveyed, suggesting a 
potential factor in the health disparities that African-Ameri-
cans face with respect to Alzheimer’s disease.11

Pharmacological application of humanin is likely a ways 
off. The research that demonstrated humanin’s effects in 
mice was only just published in September 2018, and animal 
research is merely the first of a series of steps before a drug 
can be available on the market. Still, these findings are prom-
ising. It may represent a step toward reducing health dispari-
ties in risk factors for Alzheimer’s among African-American 
seniors, as well as a potential treatment for the disease. 

Neurons are supported by intracellular scaffolding called 
microtubules, which allow the cell to retain its shape and 
transport nutrients. Tau proteins normally stabilize this scaf-
folding, but in the Alzheimer’s disease state, Tau proteins are 
misfolded so that structure and nutrient transport within the 

cell collapse, causing cell death.6

Tau protein misfolding and 
amyloid-beta plaques accumu-
late throughout the course of 
Alzheimer’s and clearly contribute 
to the pathology, but it is unclear 
if these factors are directly respon-
sible for the onset of the disease, 
or if other factors that cause neu-
ronal damage are more closely 
involved. For example, oxidative 
stress scales with age and is impli-
cated as a cause of Alzheimer’s dis-
ease.7 In comparison to the rest of 
the body, the metabolic processes 
of the brain expend an exceptional 

amount of energy. Metabolic activity produces byproducts 
called reactive oxygen species, which are oxygen-containing 
molecules that can be reduced to hold single electrons, called 
free radicals.7 The unpaired electron is unstable, acting as a 

potent oxidizer capable of forcing 
chemical reactions that can dam-
age cellular components like pro-
teins, polysaccharides, the lipids 
that form the cell membrane, and 
even DNA.7 This toxicity has the 
potential to give rise to conditions 
that facilitate other pathological 
processes, such as the formation of 
amyloid-beta plaques or neurofi-
brillary tangles.7

The role of human genetics 
in Alzheimer’s has been studied 
extensively. In particular, research-
ers at the Cohen Lab at the USC 
Leonard Davis School of Geron-

tology have looked into the mitochondrial genome. The mito-
chondrion is a unique organelle, because it has its own sepa-
rate genetic information for its function of energy production 
and metabolism. Past research has implicated mitochondrial 
dysfunction in neurodegenerative disorders such as sclero-
sis and Huntington’s disease, so it is not entirely surprising 
that the mitochondria could be related to Alzheimer’s.8 One 
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The Role of the Mitochondrial Genome in Alzheimer ’s Disease
 Kurtis Chien-Young

THE PROCESS OF AGING IS COMPLICATED. IT 
comes about as a result of a number of genetic and 
environmental factors. For example, each time our 

cells divide, the mechanism of division cuts off a bit of each 
end of the chromosome. Placeholder code called telomeres 
protect us from the loss of func-
tioning genes, but over time, these 
regions are degraded as well. The 
resulting cellular senescence con-
tributes to the onset of character-
istics related to aging. 

One of the diseases commonly 
associated with aging is demen-
tia, which affects approximately 
5.7 million people in the United 
States.1 Dementia is a category of 
diseases that relate to problems 
with reasoning and memory. 
Severity can range from simply 
being more forgetful than normal, 
to being unable to recognize family 
members, to losing the ability to perform basic life functions.2

Perhaps the most well-known form of dementia is 
Alzheimer’s disease. Alzheimer’s is a neurodegenerative dis-
order that contributes to 60-70% of cases of dementia.1 It is 
characterized by the degeneration 
of neurons in the brain, particu-
larly in the hippocampus, a region 
associated with converting short-
term memory into long-term 
memory.3 In neuroimaging, the 
death of neurons is apparent by the 
enlarged ventricles, the cavities in 
the brain that hold cerebrospinal 
fluid.3

The actual mechanism of neu-
rodegeneration is not fully under-
stood, but two particular factors, 
known as amyloid-beta plaques 
and neurofibrillary tangles, seem 
to be involved. Amyloid-beta 
plaques stem from amyloid-beta proteins, which are cleaved 
off of neurons as a part of normal cell function.4 However, 
the fragments that are cut can accumulate in the brain, form-
ing plaques that catch other cellular debris.4 The presence of 
these plaques can block neurons from communicating with 
each other and trigger the immune response that kills nearby 
neurons.4,5 Due to inflammatory immune response to amy-
loid-beta plaques, brain inflammation is often characteristic 
in the pathology of Alzheimer’s.5 Neurofibrillary tangles, on 
the other hand, stem from dysfunctions inside of the neuron. 
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“Normally, the mitochondria 
carries antioxidant molecules 
that counteract the oxidative 
properties of reactive oxygen 

species, but dysregulation 
can lead to build-up of these 

damaging oxidizers.”

References for this article can be found at 
TuftScope.squarespace.com

“[These findings] may 
represent a step toward 

reducing health disparities in 
risk factors for Alzheimer’s 
among African-American 

seniors, as well as a potential 
treatment for the disease.”

RESEARCH HIGHLIGHT 
ADVANCE CARE PLANNING AMONG CHRONIC KIDNEY 
DISEASE PATIENTS AND THEIR CARE-PARTNERS
Kurtis Chien-Young

Tira Oskoui is a senior pursuing Community Health and 
Biology majors at Tufts. She works with Dr. Keren Ladin at 
the REACH Lab. She is also the editor-in-chief of TuftScope.

Can you tell me about your research and thesis project?
In my research, I’ve focused on decision-making among 
older patients with advanced chronic kidney disease 
(CKD). For my thesis, I’m investigating advance care 
planning among this population — that is, whether and 
how clinicians guide these patients and their care-part-
ners through understanding their options and outlining 
their values and treatment goals in advance of the time 
when these decisions may become critical. Advance care 
planning is particularly important for this population, 
since elderly CKD patients often experience high comor-
bidity and cognitive impairment, and they sometimes 
experience unexpected complications that require a treat-
ment decision to be made quickly. By having their goals 
and preferences decided upon prior to an emergency or a 
loss of ability to consent to care, the treatment they receive 
can best align with their values, allowing them maximum 
autonomy in these challenging medical situations. This 
patient population faces several difficult treatment deci-
sions, such as whether or not to initiate dialysis, and due 
to factors such as comorbidity, cognitive impairment, and 
unforeseen complications. Issues of capacity and consent 
to decision-making often come into play. They are often 
put on dialysis, despite findings that for many of these pa-
tients, dialysis may not grant much extended life expec-
tancy, and most of these patients and their care-partners 
have indicated a preference for comfort care over life-sus-
taining treatment in these cases. For me, it has been very 
interesting to investigate the reasons why this discrepancy 
exists between care preferred and care received.

How do you think these research experiences will affect 
your long-term career goals?
One of my favorite aspects of my research is the patient-
interaction component, which aligns well with my long-
term goal of being a physician. I’ve had the chance to in-
terview many patients and care-partners, and since these 
conversations deal with very serious subjects due to the 
nature of end-of-life decision-making, I have had to learn 
how to approach such topics with empathy and in a way 
that preserves the patients’ dignity. In addition, since our 
research is in a way critical of the current medical system, 
I have had the chance to think seriously and learn about 
what it means to be a compassionate care provider, and I 
hope I will be able to take these lessons forward with me 
as I venture into a clinical provider role.
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drives aversive behavioral states like anxiety.6  Specifi-
cally, the study attempted to identify anatomical pro-
jections that mediate aversive anxiety like behavior via 
the LC-NE system within mice. An expanded under-
standing of the LC-NE system builds directly off prior 
research. The article expands the noradrenergic system 
findings previously discussed. Contemporary research 
has now established the specific neural pathway respon-
sible for regulating anxiety-like behaviors. The study 
utilized multiple methods of establishing a circuit, 
including optogenetics. The study's use of retrograde 
tracers and optogenetics greatly advances the scientific 
community’s ability to effectively map and manipulate 
neural circuits. Whereas the study presented previously 
only identified noradrenergic hyperactivity, contempo-
rary methods such as retrograde tracers and optogenet-
ics allow researchers to identify the structures involved 
with that hyperactivity. Furthermore, these methods allow 
causal conclusions to then be drawn in real time. 

Recent results show that the BLA is responsible for inte-
grating sensory information that in turn drives diverse and 
opposing affective disorders like anxiety, fear, and aver-
sive and reward behaviors.11 Prior research has shown that 
the LC-BLA pathway precisely promotes negative affective 
behaviors through receptor systems and modulation of cell 
activity.1 Through multiple experiments, the study found that 
photostimulation of LC-BLA projections alters BLA neuron 
firing, and triggers NE release into the BLA. This change in 
firing preferentially increases activity in the BLA neurons that 
project to the central amygdala and the ventral hippocampus. 
Both of these subcortical structures are known to modulate 
negative affect. This is evidenced by aversion and anxiety like 
behavior in animals when the LC target cells were photostim-
ulated. Stimulation of the LC-BLA pathway was found to bias 
neural activation towards anxiety promoting BLA regions. 
Furthermore, it was discovered that the modulatory neurons 
within the BLA are likely to be a part of a single class of neu-
rons. There are separable populations of neurons that regulate 
either positive or negative affect. Lastly, the study proposed 
a substrate for the increased negative affect from LC stimu-
lation. Local β-adrenoceptor activation by NE released from 
the LC-BLA terminals is responsible for photostimulated-
induced anxiety states.6 The various findings addressed above 
offer an incredible new outlook for the cause of negative affect 
involved with anxiety and anxiety disorders.

CONCLUSIONS AND FUTURE RESEARCH 

The newly established role of β-adrenoreceptor within 
the LC-BLA pathway, and discovery of negative specific 

neurons within the BLA offer broad implications for our 
understanding of anxiety mechanisms and noradrenergic 
circuits. Furthermore, this increased understanding of anxi-
ety mechanisms holds pertinent information to improved 
pharmaceutical therapies for GAD. It is possible that the 
LC-BLA pathway is involved with the hyperactive norad-
renergic systems in GAD patients, and could be respon-
sible for the negative affect seen within affected individuals. 
If pharmaceutical treatment can be localized to the LC and 

according to the Research Diagnostic Criteria.10 Fourteen 
patients with MDD were also included in the study. The final 
fourteen subjects were controls without pschiatric illness. 
Blood samples were drawn from patients between 8:00 am 
and 9:00 AM after an overnight fast. High-performance liquid 
chromatography and electrochemical detection were used to 
detect plasma norepinephrine and its precursor 3-methoxy-
4-hydroxyphenylglycol (MPGH) concentration levels.10 

PRIOR RESULTS

The results of the experiment confirmed the origi-
nal hypothesis. A stark difference in plasma NE lev-

els between unaffected and GAD patients was discovered 
through various experimental methods. Plasma NE in GAD 
patients was an average of 198.6 pg/ml, while unaffected con-
trols had plasma NE levels of 86.8 pg/mL. In concordance 
with this result, MPGH levels were higher in GAD patients as 
well. MPGH is a precursor of NE, and generally indicates NE 
levels.10 An average level of 7.4 ng/mL was discovered in GAD 
subjects, while blood samples from unaffected subjects con-
tained an average level 3.5 ng/mL. MPGH partially reflects 
central noradrenergic activity. Considered collectively, the 
increased levels of both NE and MPGH indicate that GAD 
patients had overactive noradrenergic systems. This result 
was one of the first clinical trials that showed the hyperactive 
noradrenergic system within GAD subjects. Furthermore, the 
results indicate that the central noradrenergic hyperactivity 
may be localized to the locus coeruleus, which may have a 
role in the pathogenesis of the disorder.10 Increased produc-
tion of NE within anxiety-stricken patients is logical. Patients 
have difficulty controlling their thoughts and are under 
constant stress. The hyperactive noradrenergic system may 
be partly responsible for this impairment. It is incredible to 
realize that a moderate increase of NE can affect individuals 
to the extent that GAD does. Although noradrenergic dys-
function in GAD patients has been largely observed, the spe-
cific neural circuitry involved in anxiety-like states has only 
recently been elucidated. 

RECENT FINDINGS

An article published in 2017 within the eLife scientific 
journal identified that projections from the locus coe-

ruleus (LC) to the basolateral amygdala (BLA) are specifi-
cally responsible for promoting anxiety-like behavior. The lab 
intended to establish the afferent circuitry that endogenously 
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The Role of Noradrenergic Projections from the Locus 
Coeruleus to the Basolateral Amygdala within Anxiety-
Like States and Generalized Anxiety Disorder
 Alec Tyminski

DYSFUNCTION OF NEURAL PATHWAYS PRO-
duce a physiologically dysregulated state within indi-
viduals with Generalized Anxiety Disorder (GAD).8 

GAD is characterized by excessive anxiety about different 
events.7 Affected individuals have a difficult time regulating 
anxiety. This chronic stress and worry becomes impairing. 
Today, GAD is one of the most common psychiatric disor-
ders, occuring in up to 21% of adults in their lifetime.1 The 
Diagnostic and Statistical Manual, Fifth Edition (DSM-V) 
holds that symptoms include restlessness, irritability, muscle 
tension, and negative affect.2 Negative affect is defined as feel-
ings of emotional distress such as anxiety.11 In addition to the 
various symptoms, GAD is regularly comorbid with Major 
Depressive Disorder (MDD).12 MDD is a potentially debili-
tating and even fatal disorder. The average rate of suicide in 
depressed patients is almost 15%.1 Within the context of a 
college campus, disorders such as GAD and MDD are preva-
lent, but rarely discussed. An explanation of the dysregulated 
structures within GAD will provide the public with a better 
understanding of the disorder. Furthermore, the detailed 
explanation of  mechanisms within GAD and their relation 
to MDD will hopefully prompt a more open discussion about 
the topic, and decrease the negative stigma surrounding these 
types of disorders. Finally, there are several specific neural 
sites that can be targeted for potential novel treatments.

HISTORICAL FINDINGS

Norepinephrine (NE) is one of the most important neu-
rotransmitters involved with stress response. Fully com-

prehending the noradrenergic system’s influence on negative 
affect is a critical step towards therapeutically targeting GAD 
and improving treatment. Prior research suggests that hyper-
activity of the noradrenergic system is largely responsible for 
the impairment marked in GAD. Findings presented within 
the 1989 edition of the Society of Biological Psychiatry were 
one of the first to introduce hyperactivity of the noradrener-
gic system within GAD.6 A more active noradrenergic sys-
tem is associated with increased levels of stress in individu-
als. As norepinephrine was known to be involved with stress 
responses, the clinical study aimed to explore noradrenergic 
activity within patients affected by GAD and healthy controls. 

METHODOLOGY OF HISTORICAL FINDINGS

It was hypothesized that noradrenergic hyperactivity is 
directly related to anxiety states.8 Noradrenergic activity 

was observed by examining NE levels within the blood of 
subjects. Forty-two drug free patients were the subjects of 
the study. Fourteen of the subjects met the criteria for GAD 
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specifically the β-adrenoreceptors, it is possible that treatment 
outcomes could improve. There are limitations to these find-
ings, however. It is critical to realize that it is not possible to 
determine whether the observed changes in BLA unit activ-
ity and conditioned-place aversion trials were solely mediated 
by NE release at LC terminals. The neural circuitry involved 
with anxiety is most likely much more complex than the way 
it is presented here. Furthermore, effects could be generated 
through plastic changes from repeated long term stimula-
tion. However, contemporary research has shifted the origi-
nal attention from α-2-adrenoreceptors to β-adrenoreceptors. 
Despite these advances, future research is necessary to delin-
eate the specific cell types involved with the LC-NE modula-
tion of BLA activity, and their ability to drive negative affec-
tive behavior through downstream circuits.

SIGNIFICANCE FOR COLLEGE STUDENTS

At the time students enter college, they are susceptible 
to symptoms of depression and anxiety. According to 

the National institute of Mental Health, seventy-five per-
cent of all individuals with an anxiety disorder will experi-
ence symptoms before the age of 22, as cited in the ADAA 
Report.12 The report states that, "When students head off to 
college, the familiar people are no longer there to reinforce 
the identity these students have created for themselves.” This 
can make students “disoriented and feel a loss of their sense 
of self," contributing to symptoms of depression and anxiety.12 
College students, especially those who are just starting, are 
susceptible to developing both anxiety and depression . With 
the newly established LC-NE circuit, there are potentially new 
treatments which can improve symptoms at the very site at 
which they originate. Furthermore, with GAD’s relation to 
MDD, these potential treatments may benefit both groups. 
The newly elucidated LC-NE circuit establishes a new angle 
to improve GAD symptoms, and therefore improve the lives 
of the large population of college students who struggle with 
anxiety and depression.

Image Source: Flickr Creative Commons
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regeneration. This is because they transdif-
ferentiate into cardiac cells and also inte-
grate with the host heart tissue, resulting in 
synchronized heartbeats.5 Although many 
scientists consider these cells to be the best 
type of stem cells for cardiac research, others 
argue that they are very rare and extremely 
hard to obtain.7 Furthermore, the number 
of cardiomyocyte progenitor cells decreases 
as humans grow older, and in the case of a 
heart attack, these cells die with the rest of 
the heart tissue.5

 Human mesenchymal stem cells are 
multipotent cells, meaning that they can 
transdifferentiate into more than one type of 
cell, but not all cell types. These cells are most 
commonly found in bone marrow, but they 
can also be found in other tissues, such as 
the fallopian tube and umbilical cord blood. 
Isolating these cells is not easy, yet they are 
one of the most accessible and well-studied 
types of stem cells.8

 Human endothelial progenitor cells are 
one of the most frequently utilized stem cells 
for blood vessel regeneration. Blood vessel 
formation in the embryo has been observed 
in numerous vertebrate animals, which sug-
gests that the same process could take place 
in adult humans. However, more research is required to fully 
understand these cells’ effects on the human body. Finally, not 
only are endothelial progenitor cells widely studied, they are 
also very accessible and cost effective.9

THE SCAFFOLD 

Another major challenge in tissue engineering is choosing 
the correct scaffold for the stem cells to grow on. Scaf-

folds, commonly defined 
as structures that pro-
vide support, are one of 
the key components of 
tissue regeneration. Scaf-
folds must have the same 
shape as the tissue that 
will be bioengineered 
in order to guide the 
growth of the stem cells 
into the proper shape. 
Furthermore, the scaf-
fold must also deliver the necessary nutrients to the stem cells 
in order to make them transdifferentiate into the desired cell 
type.10

Many different types of scaffolds have been used in car-
diac research, but one of the most popular options is phase 
separation. This technique creates a scaffold that consists of 
hundreds of pores using chemicals such as polylactic acid 
and dioxane. The resulting pores are responsible for provid-
ing nutrients for the cells and facilitating the disposal of their 
waste products. Limited success has been achieved with this 

infarctions or tissue death, some scientists have been bio-
engineering heart patches. Heart patches are cardiac tissues 
that are bioengineered using stem cells. They only replace the 
infarcted tissue in order to increase the patient’s chances of 
survival. If the stem cells are obtained from the patient receiv-
ing the treatment, the risk of transplant rejection will also be 
reduced.2 This technique has had little to no results in recent 
years because this project is considered by many to be eco-
nomically and technically impractical. Moreover, supplying 
nutrients to cell layers thicker than a millimeter is a challenge 
that still staggers scientists, so bioengineering an entire por-
tion of the heart can hardly be considered feasible in the near 
future.2

THE BUILDING BLOCKS 

The first step in bioengineer-
ing a tissue is choosing the 

right stem cells based on the 
desired cell type. Stem cells are 
cells that are capable of trans-
differentiating, converting to 
another cell lineage by differen-
tiation. The human body con-
tains and stores different types 
of stem cells including progeni-
tor cells, which tend to transdif-

ferentiate into a specific cell type. Depending on the tissue 
that will be bioengineered, scientists use different types of 
stem cells.5 

Embryonic stem cells are considered to be the most stud-
ied type of stem cells, as they were among the first types of 
stem cells to be discovered. There have been many attempts 
to use them to bioengineer human tissues, with promising 
results.6 However, the use of embryonic stem cells is highly 
controversial, because obtaining them directly leads to the 
destruction of the human embryo.5

Skeletal myoblasts have also been extensively studied in 
the past decade, but they are no longer used for cardiac tis-
sue regeneration, as numerous studies have found them to be 
dangerous when differentiated into cardiac cells. These stem 
cells do not integrate into the host heart tissue, causing unsyn-
chronized heartbeats. If transplanted into a patient, skeletal 
myoblasts would increase the recipient’s risk of arrhythmia, 
or irregular heartbeats.5

Cardiomyocyte progenitor cells are one of the most 
promising types of stem cells in regards to cardiac tissue 

INSIGHT

Fixing a Broken Heart: Bioengineering
a Blood Vessel Using Stem Cells 
 Yasaman Khorsandian

THERE ARE OVER 120,000 PEOPLE IN THE   
United States who currently need a lifesaving organ 
transplant. Although each organ donor can save up 

to eight lives, there are not nearly enough donors to save the 
lives of everyone in need of a replacement organ. Even if a 
patient receives an organ transplant, they face the immense 
risk of transplant rejection. For this reason, scientists have 
been searching for an optimal alternative to donated organs 
for decades. Stem cell engineered organs have recently been 
studied as a potential solution. These bioengineered organs 
are increasingly utilized because they not only provide an 
alternative to organ donation, but they also have reduced 
risk of organ rejection.2 This article provides an overview of 
the experimented methods and 
types of stem cells for making 
bioengineered organs. Most 
notably, the innovative use of 
natural protein fibrin and spin-
ach as a bioscaffold has been 
proposed as the optimal way 
to bioengineer a blood vessel, 
the ultimate tissue regeneration 
technique that can be adapted to 
various other organs.

CARDIAC ISCHEMIA

As the leading cause of death in the United States and 
worldwide, myocardial infarction, also known as a heart 

attack and cardiac ischemia, affects millions of people each 
year. Those affected by this condition need new blood vessels 
and  are often  prime candidates for heart transplants. How-
ever, most patients never receive a transplant. Medications 
and alternative treatments can provide temporary relief, but 
the field of bioengineering could provide a permanent cure.2

There are two large, branching coronary arteries that 
deliver blood to the heart muscle. When one of these arteries 
becomes blocked, a portion of the heart becomes starved of 
oxygen. If this condition lasts for more than a few minutes, 
the heart tissue dies and becomes infarcted tissue.3 Organ 
donations do not provide much hope for patients suffering 
from this condition, which is why scientists have been search-
ing for an alternative solution for decades.

HEART PATCHES

One such alternative is bioengineering cardiac tissue 
to be transplanted into individuals whose hearts have 

been damaged by a heart attack. Whole heart transplants are 
extremely dangerous, and heart donations are very rare.4 In 
search of treatment for patients suffering from myocardial Author contact: Yasaman Khorsandian is a first-year student at 

Tufts. Address correspondence to Yasaman.Khorsandian@tufts.edu.

method due to the difficulty in controlling the pore sizes and 
density.10 Another common scaffold fabrication technique 
is electrospinning, which involves the application of a high-
voltage electric field between a metallic capillary containing 
a desired polymeric solution and an electrically grounded 
electrode.10 The resulting nanofibers have nanopores with the 
potential to grow stem cells. Highly complex tools are required 
for electrospinning, and more research is necessary for this 

method to become a 
more established scaffold 
fabrication technique.10,11

CORMATRIX 

Products created by 
CorMatrix® have 

been widely used in stem 
cell-based approaches 
to treating heart attacks. 
This company produces 
numerous types of 

bioscaffolds using porcine small intestinal submucosa extra-
cellular matrix that are used for cardiovascular research and 
surgeries.12 These scaffolds are the proposed alternative to 
polytetrafluoroethylene (PTFE) grafts, the most commonly 
used grafts in vascular surgeries. Although utilized in many 
operating rooms throughout the country, PTFE grafts are not 
a popular option among surgeons because they significantly 
increase the patient’s risk of complications after surgery. 
Examples include high rates of infection, seroma formation 
(pockets of fluid produced by injured cells), and neointimal 
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“These bio-engineered 
organs not only provide an 

alternative to organ donation, 
but they also have reduced 

risk of organ rejection.”

“Blood vessel formation in the 
embryo has been observed in 

numerous vertebrate animals, which 
suggests that the same process could 

take place in adult humans.”
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hyperplasia (thickening of arterial walls resulted by the 
proliferation of smooth muscle cells).13 The CorMatrix® 

claims that its bioscaffolds treat heart attacks without any of 
the complications caused by PTFE grafts, but more research is 
necessary to support such claims. Although many researchers 
remain optimistic about the future uses of CorMatrix® prod-
ucts, several studies show that their current bioscaffolds have 
failed animal testing in an arterial environment.14

DECELLULARIZATION

Decellularization refers to the process of removing cellular 
material from a tissue or an organ and leaving behind an 

intact vascular network, which can be used as a cellular scaf-
fold consisting of extracellular matrix (ECM). The composi-
tion of the scaffold depends solely on the tissue or the organ 
from which it was derived.15

The main purpose of a scaffold in tissue engineering is 
delivering nutrients to the cells and removing waste products. 
In order to achieve this goal, 
a scaffold must consist of an 
abundance of micropores or 
have a sophisticated vascular 
network, identical to the one 
in the human body. In past 
decades, many studies have 
tried to recreate the com-
plex vascular system in the 
human body.16 However, none 
of them have been fully suc-
cessful, which is why many 
scientists today are trying to 
replicate the human vascu-
lar system using natural materials derived from organisms. 
Plants, specifically leaves, contain a sophisticated vascular 
system that can be decellularized while retaining its structure. 
The resulting decellularized tissue can then be recellularized 
with a patient’s own cells to bioengineer new tissue.10, 15 In par-
ticular, spinach leaves have a large petiole, the stalk that joins 
a leaf to a stem.15 This property is very useful for bioengineer-
ing a blood vessel since it allows ample space for the cells to 
grow in the shape of a blood vessel.

Many different types of plants have been studied as a nat-
ural extra-cellular matrix because they are accessible world-
wide. If it is proven that stem cells can grow and transdif-
ferentiate on plants, this method will present a significantly 
more cost effective and efficient alternative to currently used 
scaffolds. 

CELL DELIVERY TECHNIQUES

Fibrin, an insoluble protein found in blood, is one of the 
major causes of a blood clot. Upon injury, fibrogen is com-

bined with an enzyme named thrombin at the site of injury, 
producing fibrin strands that stop the bleeding. Scientists 
searching for innovative cell delivery techniques described 
fibrin as the optimal cell delivery technique, so they used its 
components, thrombin and fibrinogen, to create fibrin in the 
lab. These strands of fibrin can be safely transplanted inside 
an organism because they degrade upon contact with the 

cellular waste products, and stem cells can also be grown on 
chains of fibrin.15

Once it was proven that stem cells had the ability to grow 
on the fibrin strands in-vitro, researchers decided to use this 
protein for its initial role in the body: to heal wounds. Because 
a single fibrin strand is extremely small and fragile, a number 
of fibrin strands were threaded together in order to increase 
their durability. Subsequently, these threads were cultivated 
with stem cells and used as sutures. This study had very prom-
ising results, and other scientists are still using these sutures 
as an optimal cell delivery technique.15

CONCLUSION AND FUTURE DIRECTIONS 

Every day in the United States, an average of 22 people die 
while waiting for a lifesaving organ transplant. A stem 

cell approach resolves numerous complications of organ 
transplants, such as the lack of donated organs and the risk of 
transplant rejection. Heart attacks, one of the leading causes 

of death worldwide, are 
caused by a blockage of arter-
ies. With the available tech-
nology, bioengineered blood 
vessels could be transplanted, 
delivering blood and stem 
cells to the cardiac tissue dam-
aged by a heart attack. Vari-
ous stem cell types, scaffold 
fabrication techniques, and 
stem cell-based approaches 
have potential for improving 
the treatment of heart attacks. 
They could even be adapted to 

bioengineer different types of blood vessels throughout the 
human body.

Based on accessibility and cost, the tissue generation 
method using fibrin and the natural bioscaffold of spinach 
appears to hold the most promise and would allow bioengi-
neers to employ this optimal tissue regeneration technique 
worldwide. Fibrin has high potential as a cell delivery method 
because of its natural adherence as well as its biodegradabil-
ity. The protein can be easily produced in vitro and does not 
cause complications for the patient because it degrades over 
time. Although spinach is the best studied, other types of 
plants may also be candidates for bioscaffolds. In addition, 
despite the popularity of endothelial progenitor cells, mesen-
chymal stem cells may be an option as well, since they can be 
grown on extracellular matrices and can even grow alongside 
endothelial stem cells.

Finally, the proposed solution has the potential to save 
countless lives of those on transplant lists as well as those with 
diseases such as cardiac ischemia, for which there are cur-
rently no permanent treatments available. In fact, if these bio-
engineered blood vessels find their way into hospitals, they 
could fix every broken heart across the world. 

References for this article can be found at 
TuftScope.squarespace.com

“A stem cell approach resolves 
numerous complications 

of organ transplants ... 
[Bioengineered blood vessels] 
could fix every broken heart 

across the world.”
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