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LET TER FROM THE EDITOR

Broadening Perspectives
Dear Reader,

After last year’s remarkable progress in refining the journal, outreach, and accessibility, I am thrilled to present 
you with the Fall 2016 issue of TuftScope. A common theme that emerges in this issue is the vital role that the brain 
plays in realms of health, ethics, and policy, with a particular focus on mental health. Represented on the center of 
our cover, the brain takes a parallel ‘center stage’ role in essential biological and psychological processes. While the 
right side of the brain is depicted as blue and the left side as red, these two primary colors must work in harmony in 
order to produce an array of shades in between. Likewise, the many processes essential to human functioning and 
development are rooted in the several roles of the brain that build upon one another; our issue touches on broaden-
ing perspectives of these elements.

Examining the importance of biological processes, which are driven by the brain, News & Analysis Editor Ted 
Midthun explores a new step toward finding a cure for diabetes through the development of an artificial pancreas. 
In a similar vein, Akari Miki examines the potential of personalized medicine to push beyond current standard-
ized regimens to more effectively treat asthma, and Sean McMullen investigates the possibility of phage therapy in 
combatting antibiotic resistance. Building upon these biological processes, David Park, Manuscript & Layout Editor, 
assesses the added psychological impacts of obesity stigma in healthcare.

Pushing further, articles continue with a deeper focus on psychological phenomena, to which the brain is also 
central. Managing Editor Tira Oskoui interviews Dr. Alexander Queen, the newest TuftScope advisor, about the 
equal importance of caring for mental health and physical health, mental health disparities, and ways to combat 
the stigma that surrounds mental illness. Moreover, Anna Ellis overviews the debate that exists on categorizing 
orthorexia as a psychological disorder, and Jamie Tebeau reports on the mental health of students in medical school.

As another layer of this issue, the brain’s role as the center of learning and decision-making also surfaces. Alex 
Lin looks at new imaging techniques that can help understand consciousness and inform whether certain patients 
are capable of making decisions about their treatment. Danielle Burton stresses the importance of a liberal arts 
education in creating better doctors from hopeful future physicians, and Sara Banbury argues for the need of new 
sterilization policies that allow women equal opportunities to make decisions about their own healthcare.

Yet, the juxtaposition of the issue’s background colors, blue and red on opposite sides from which they are 
depicted on the brain of the cover, represents the external factors that are intertwined with many of the above top-
ics. Manuscript & Layout Editor Rachel Lai examines the looming threat of climate change to the well-being of food 
resources. I overview the recent findings of a scandal in the sugar industry. Megan Thode reviews a book centered 
around food systems, and Rebecca Moragne, Research Highlights Editor, discusses the importance of microbes in 
human systems.

I hope you discover for yourself the multitude of connections among these layers in this issue of TuftScope. While 
our semester filled with writing workshops and bioethics discussions is soon coming to a close, we plan to continue 
these, as well as many more, events to promote essential conversations around topics of health, ethics, and policy.

On behalf of the Editorial Board, we hope you enjoy this issue.

Sincerely,

Lushna Mehra
Editor-in-Chief
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NEWS BRIEFS

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

Katie Campbell

A recent study conducted by Michigan State University 
researchers, in conjunction with University of Chicago 

and Indiana University, has concluded that the United States 
ranks in the top ten most empathetic countries. The study, 
published in the Journal of Cross-Cultural Psychology, ana-
lyzed data from an online survey completed by more than 
104,000 people in 63 countries.

The survey measured each participant’s compassion and 
their inclination to imagine life from someone else’s point 
of view. Ecuador was ranked as the most empathetic coun-
try, followed by Saudi Arabia, Peru, Denmark, and Korea, 
among others. Many of the researchers were surprised that 
three of the most highly ranked countries — Saudi Arabia, 
United Arab Emirates, and Kuwait — were in the Middle 
East because the recent history of tension and violence in 
these areas may seem to suggest otherwise to many people 
in the U.S. However, researchers recognize that the results of 

Climate Change & Forest Fires
Dominic Kleinknecht

Climate change is best known for increasing global tem-
peratures. Western U.S. forests saw a 2.5 degree Fahren-

heit increase in average temperatures since 1970, and tem-
peratures are expected to keep rising. Warmer air can hold 
more moisture, which dries out trees, other vegetation, and 
soil. For forests, this has considerable negative effects, includ-
ing higher risks of forest fire. Climate change has led to an 
abrupt increase in forest fires in the western U.S. since the 
1980s, such that the fire season has lengthened. Since 1984, 
fires have spread across areas of 16,000 square miles — an 
area larger than Connecticut and Massachusetts combined. 

A recently conducted study is the first of its kind to quan-
tify the effects of human-made climate change on forest fires. 
It looked into eight different rating systems of forest aridity to 
compare them to observations of actual fires and large-scale 
climate models that estimate the human-made warming. 
They found that climate change has increased aridity since 
2000 and is projected to continue to do so. The scientists con-
cluded that 55% of the measured increase in fuel aridity that 
caused wildfires could be attributed to human-made warm-
ing. However, the scientists recognize that this is a conserva-
tive assumption, since their model does not account for other 
additional factors that are offshoots of climate warming, such 
as the decline in spring soil moisture. With no improvements 
in sight for the near future, and while climate change will take 
years to be effectively contained, scientists can only offer one 
piece of advice for those affected: stay out of the fire’s way.

The Aging of Humans
Sumedha Sahay

Recent research has provided evidence that suggests that 
humans are not capable of living past 125 years. While it 

is true that the average life expectancy has steadily risen since 
the 19th century, a new study, published in Nature by Albert 
Einstein College of Medicine, has shown evidence that human 
life cannot extend past the oldest ages already recorded. Dr. 
Jan Vijg, Ph.D., of Einstein College of Medicine, and his 
colleagues analyzed information from the Human Mortal-
ity Database, which contains data from over 40 countries. 
While this data suggests an upward increase in average life 
expectancy, upon examining life expectancy increases since 
1900 in people over 100 years old, scientists discovered that 
life expectancy quickly decreased after reaching a maximum 
of 100 years. The scientists found additional support for this 
when they examined figures from the International Database 
on Longevity, specifically when they looked into the “maxi-
mum reported age at death.” While the oldest humans’ age of 
death rose in the 70s and early 90s, the maximum age reached 
a steady number around 1997. 1997 marked the death of the 
oldest person to ever live, at 122 years old. The scientists cal-
culated an average maximum life expectancy to be 115 years 
and the absolute maximum possible age for human life to be 
125 years. Dr. Vijg postulated that, while average life expec-
tancy may increase with advancements in medicine, this 
progress will not increase the maximum human lifespan; we 
should direct our resources and research to focus on quality 
of life and good health during old age.  

Jetlag Fix Through O2

Julia Zubiago

The development of jetlag happens when someone trav-
els to a location where the indicators of time (light, tem-

perature, activity) differ from their bodily cycle. Eventually, 
of course, the body resets to the new environment when 
given enough exposure to new time indicators. However, 
new research from the Weizmann Institute of Science by Gad 
Asher, Yaarit Adamovich, and Benjamin Ladeuix has shown 
that oxygen levels may also cue circadian rhythms, since rate 
of oxygen absorption varies with certain time indicators.

Their research showed that changing the concentration of 
oxygen in cells by 3%, twice a day, can synchronize mouse 
cells to a particular circadian rhythm. Mice were also used to 
conduct experiments on jetlag. In an air-controlled environ-
ment, the mice were left to eat, sleep, and run on their wheels. 
The alteration of oxygen levels in their environment did not 
change their pattern of behavior to indicate jetlag, but altering 
the light in the environment to mimic a 6-hour shift ahead 
was sufficient to induce jetlag. Variations of oxygen levels in 
the environments helped the mice adapt their behavioral hab-
its to a new time.

This research may have implications for design of com-
mercial airplanes, since cabins are currently pressurized to 
the same air density as a city that is high above sea level. This 
drop in oxygen level often causes airsickness in patients, so 
some airlines are considering increasing pressure and, there-
fore, oxygen. In light of these findings, however, such a design 
change might lessen passengers’ ability to recover from jetlag.

Eight Glasses a Day Make The Doctor Stay?
Alexander Pan

Drinking eight glasses of water a day against your own 
thirst signals can lead to water intoxication, or hypona-

tremia, which results from critically low sodium levels in the 
body. Symptoms of over-drinking include lethargy, convul-
sions, nausea, and a possible coma. Researchers at Monash 
University uncovered ‘swallowing inhibition,’ a brain mecha-
nism prevents over-drinking. Usually, this brain mechanism 
initiates the ‘swallowing reflex’ as a physical resistance to 
prevent excess water intake. Functional magnetic resonance 
imaging (fMRI) was used to measure activity in the brain to 
observe how swallowing inhibition works. The researchers 
discovered increased activity in the frontal cortex of the brain 
when subjects drank more than they needed to. This increased 
activity shows that the subjects were trying to resist the swal-
lowing inhibition brain signals by forcibly drinking more 
than they had to. Another experiment from Monash Univer-
sity tested the resistance to drinking water of one group that 
exercised beforehand compared to another group that was 
persuaded to drink excess water. The three-fold increase in 
resistance in drinking water from the second group shows the 
‘swallowing reflex’ mechanism of water regulation in action. 
So, then, what is the standard amount of water that every-
one should drink each day? That all depends on each indi-
vidual person! Associate Professor Farrell states, “just drink 
according to thirst rather than an elaborate schedule.” Staying 
healthy depends on the individual’s decision to satisfy their 
thirst levels without under-drinking or over-drinking. 

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

the overall study may include biases since the survey did not 
measure compassion toward people inside one’s own country 
compared to compassion of those in other countries as part 
of the data.

Interestingly, research published in 2011 by some of 
the authors of this paper has suggested that the increase in 
social media, violence and bullying, new parenting styles, 
and heightened pressure to succeed has decreased compas-
sion and empathy in students in the US. The authors of the 
recent study warn that even though a 2016 ranking as number 
seven in empathy for the United States appears promising, the 
country is in an era of rapid individualization that may lead to 
a drastic change in its ranking in the next half-century. Over-
all, this empathy study, which was the first of its kind, may 
develop over time to concretely show how cultures and coun-
tries are constantly evolving on the individual level, which, in 
turn, impacts the societal level.

How Empathetic is the U.S.?
Nicole Loranger

In an effort to observe the long term effects of exercise on 
longevity and health, the Norwegian University of Science 

and Technology recently released an analytical study exam-
ining the role of fitness and exercise in the cardiovascular 
health of sedentary adults. The activity levels of 874 partici-
pants were measured over a one week long period, and their 
risk factors for cardiovascular disease were evaluated in a 
variety of categories, including waist circumference, elevated 
blood triglycerides, elevated blood pressure, and treatment 
for hypertension.

The most sedentary men and women, who sit for up to 
15 hours a day, were 63% and 83% more likely to display 
risk factors for cardiovascular disease than their less seden-
tary counterparts, respectively. The fittest 40% of the group, 
however, was found to have the lowest risk overall for car-
diovascular disease — a statistic that did not include adults 
who are physically active but those who are cardiovascularly 

unfit. This suggests that maintaining physical fitness can, in 
fact, offset the negative impact of long hours spent sitting, 
which, as some studies have concluded,  kills as many people 
as smoking. Unfortunately, sitting for prolonged periods of 
time is a reality for many adults; the average adult in the U.S. 
spends 9-11 hours sitting daily, a statistic that only increases 
with age. Even this study’s fittest group of participants were 
found to sit for 12-13 hours per day.

Since this sedentary lifestyle appears to be a consequence 
of culture, it is unlikely that a decrease in these hours will 
be seen anytime soon. According to the results of this study, 
however, adults may be able to find a balance between ful-
filling their daily responsibilities while maintaining physical 
health for long-term positive results.

Fitness Can Offset Negative Effects of a Sedentary Lifestyle
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FEATURE INTERVIEW

Dr. Alexander Queen came to Tufts University in 2015 and is currently a full-time lecturer in the Depart-
ment of Psychology. Prior to becoming a professor, he received his Ph.D. in clinical psychology from the 
University of Miami and completed both his pre-doctoral clinical internship and post-doctoral fellowship 
at the May Institute. Dr. Queen's clinical and research interests center on the assessment and treatment of 
children and adults with mood and anxiety disorders. As a lecturer and adviser, Dr. Queen teaches courses 
and advises students primarily in the Clinical Psychology concentration. In addition to teaching courses in 
subjects such as Abnormal Psychology, Statistics, and Clinical Research Methods, he also coordinates field-
work placement for seniors interning for the Clinical Psychology capstone. As of this fall, Dr. Queen is the 
newest adviser of TuftScope Journal.

Can you describe your background and research, espe-
cially with generalized anxiety disorder?
I have a background with child and adolescent anxiety and 
mood disorders, and in my role here at Tufts, I collaborate in 
research with other colleagues in the field. What we’ve done 
is look at interventions for children and adolescents who 
have anxiety and mood disorders, and, in particular, look at 
youth who have both anxiety and depression. These often go 
hand in hand with each other and are often highly comorbid. 
Related to that, one of the things that I’ve gotten really inter-
ested in is looking at common and specific risk factors for 
both anxiety and depression. I’ve become really interested in 
how people generally relate to their emotions and how they 
experience emotions. There’s a concept called “experien-
tial avoidance,” which are basically attempts to either avoid 
or control private internal experiences like unwanted or 
uncomfortable emotions or thoughts. There’s been research 
done that shows that attempts to avoid uncomfortable or 
negative emotions often backfire and make them worse, and 
that underlies a lot of emotional disorders. Another one of 
the things I’ve become increasingly interested in since I’ve 
been at Tufts is college student mental health because that’s 
one group that definitely has a heightened risk, especially as 
people transition to college. In particular, there hasn’t been 
a lot of work done on students who are first-generation or 
minorities, and they’re actually at higher risk for anxiety and 
depression in general, but we don’t know a lot about risk fac-
tors and protective factors. I’d love to start doing research on 
that, and I want to learn more about their experiences and 
what might be conferring risk, and then what some protec-
tive factors and interventions that can be developed are.

What do you think is the state of mental health on cam-
pus, and do you feel that there is a stigma surrounding 
mental illness at Tufts?
In general, there is a stigma about mental health treatment, 
which is certainly very unfortunate. That’s just broader in our 
society. On campus, I think it depends on different attitudes. 
Some people are more open; some faculty are more open to 

Author contact: Tira Oskoui is a sophomore at Tufts University. 
Address correspondence to Tira.Oskoui@tufts.edu.

A Discussion with Dr. Alexander Queen, Lecturer in Psychology, on Mental 
Health Stigma, Disparities, and Research Developments
Tira Oskoui

talking to students. One of the great things here is Ears for 
Peers, which is a confidential support line that students can 
call to talk to other students who are staffing it. I think that’s 
a wonderful outreach because a lot of students may be reluc-
tant to go and talk to a faculty member or someone at the 
counseling center, but they may be willing to call and speak 
with a peer. I think that the peer intervention approach is 
great, and I hope that it will continue to be something that 
people will know about and feel comfortable using.

Why do you think that the stigma around mental health 
exists in our society in general?
I think it ultimately goes to the fact that people often view 
[mental illness] as a character flaw or some kind of weak-
ness. It’s very interesting because if you had diabetes, you 
would feel no shame in going to a doctor, taking medica-
tion, and changing lifestyle factors to manage it. But if some-
one has, for instance, Obsessive-Compulsive Disorder, then 
there’s a lot more shame, and people sometimes feel as if it’s 
their fault or feel that people will judge them negatively as 
though something is inherently wrong with them. So people 
view [mental illness] very differently in terms of taking med-
ication or doing therapy to help them manage symptoms. 
Also, there’s still a lack of education about mental illness, and 
people still hold a lot of very incorrect stereotypes, such as 
thinking that people with mental illness are more violent, 
when in actuality, people with mental illness are more likely 
to be victims of crime than perpetrators.

What do you think could be done to reduce this stigma?
First of all, increasing education about mental illness. It also 
helps when celebrities share their experiences and struggles, 
and we’re seeing that happen more. It helps normalize men-
tal illness and show that it is something people struggle with 
but can be manageable. Also, improving access to care can 
improve people’s reluctance to seek out care.

Dr. Alexander Queen

Are there disparities relating to mental health and 
socioeconomic status?
Poverty is definitely a risk factor for mental illness. Espe-
cially when you have a family income of $20,000 or below, 
you start to see an increase [in mental illness] compared 
to higher incomes. There’s a much higher risk of anxiety, 
depression, severe mental illness, and PTSD. Often you’ll see 
a relationship where poverty will precede the onset of men-
tal health, such as with people whose income has decreased 
just in the past couple years, and then you see an onset of 
mental illness. There are lots of reasons for that — first of all, 
for people with poverty there is a lot of chronic stress. Also, 
they are often dealing with lots of uncontrollable events 
and lower access to mental health treatment. Often times, 
if they’re living in poverty, they’re exposed to more violence 
and more trauma, which is also going to increase risk for 
mental illness. Also, having a severe mental illness can then 
lead to poverty. For people who are experiencing severe 
mental illness, it’s often going to impact their educational 
and occupational achievement. So you have it on both sides: 
poverty can lead to mental illness, and poverty can also be 
an effect of mental illness. The two go hand-in-hand.

Back to the Tufts campus, what can students do in their 
everyday lives to take care of their own mental health 
and also to be there for other students?
In terms of your own mental health, you’ve got to take care 
of some of the basics. Make sure that you’re sleeping well. 
Problems with sleep can affect all sorts of things, like mood, 
concentration, and memory. Trying to keep a regular sleep 
schedule is important. Also, take care of nutrition and your 
body. If you’re not taking care of your body, your mental 
health is going to suffer as a result. There’s actually research 
that exercise is just as effective in reducing depression as 
anti-depression medication. Also, I’ve been at Tufts for a lit-
tle over a year, and I get the sense that a lot of students bite off 
more than they can chew in terms of involvement and some-
times taking on so many responsibilities that they’re feeling 
overwhelmed. I would suggest that people really try to not 
stretch themselves too thin, to prioritize, and to learn time 
management skills so that they can leave time for fun and 
recreational activities. Of course, it’s also important to rec-
ognize that you’re struggling and seek services if you are. If 
you’re concerned about someone else, I think the best thing 
you can do is to approach them. Talk to them, and express to 
them directly and honestly that you’re concerned. Referring 
someone to a counseling center is good, and you can even 
offer to go with them to the first appointment to possibly 
help ease some anxiety associated with that first visit. You 
can’t force anyone into treatment unless it’s an emergency 
situation, but just make sure they know what resources are 
available to them. It’s important not to be too pushy but to 
just let them know that you are there to help in whatever 
way. Just having that support system can be really huge.

Do you think that any of those individual level 
approaches can actually help to reduce stigma?
Yes, just talking about [mental illness] reduces stigma. What 

facilitates stigma is pretending that it doesn’t exist by sweep-
ing it under the rug, which creates this secrecy around it and 
makes people feel like they can’t say anything. Whereas if you 
reach out, ask people how they’re feeling, and express con-
cern, then just getting the conversation about mental health 
started can go a long way in reducing stigma and empower-
ing people to share their stories. The group Active Minds on 
campus hosts public monologue events, and I think that’s 
another great approach to reducing stigma. It says, “Look, 
this happens, and it’s not just you who is experiencing this.” 
I think that goes a long way.

Looking forward, what do you think are some of the 
most exciting developments in mental health research?
A big area right now is dissemination. We know a lot about 
effective treatments for disorders, for instance, cognitive 
behavioral therapy, which is a really effective psychotherapy 
for all kinds of things — anxiety, depression, bipolar disor-
der, even schizophrenia. But the problem is that a lot of peo-
ple don’t get access to evidence-based treatments and a lot of 
clinicians don’t use evidence-based treatments. There’s a big 
push in the field now in this dissemination and implementa-
tion science, which is looking at how we can take these treat-
ments that have been found to be effective in research set-
tings and put them into community mental health settings. 
We’re also seeing an increase in technology in mental health 
treatments, such as with apps. For example, the Mayo Clinic 
came out with an app that essentially lets the user do CBT 
and self-directed exposure exercises for anxiety. Technol-
ogy increases access to care and reaches out to people who 
might not otherwise seek treatment. We’re also seeing a lot 
of multi-disciplinary research on how genetic and biological 
predispositions can interact with lifestyle and environmen-
tal factors to confer with risk for mental illness. In addition, 
we’re looking at what treatments work best for what people, 
in what circumstances, and for what disorders. We know a 
lot about which treatments are effective, but there’s still a 
long way to go in terms of knowing why they’re effective and 
matching treatments to patient characteristics.

Final words?
Mental health is so important, and it’s something that often 
gets neglected with everything else that people are doing in 
college. But, it’s really important to focus on mental health 
and to give it the priority it needs. You would never think 
twice if you were diagnosed with a major physical illness 
about going to get help. But the onset, for example, between 
when someone is diagnosed with OCD and when they actu-
ally get proper treatment is on average between 14 and 17 
years. If someone had cancer, you would never wait 15 years 
to get treatment. I think it’s really crucial to think about 
mental health on par with physical health. Struggling with 
mental illness does not make you weak and does not mean 
that there is something “wrong” with you. There is hope, and 
we have good treatments that we know can be very help-
ful and can make these conditions very manageable so that 
people can still lead full and satisfying lives. People should 
not feel like they have to suffer in silence.
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present between vaginal and C-section birth babies continue 
to be present when children are seven years old.2 To prevent 
health disparities, the procedure of “seeding” is now spring-
ing up in hospitals around the world.2 Through “seeding,” a 
baby born by C-section is covered in their mother’s vaginal 
secretions immediately after birth using a piece of gauze.2 This 
procedure allows the baby to receive their mother’s microbes 
as their first exposure, providing the newborn with immune 
system and metabolism support.2

ALLERGIES

Since microbes support the immune system, a deficiency 
or  a lack in diversity may lead to metabolic disabilities 

and allergies. Dr. David 
Strachan, an American 
immunologist, “pro-
posed [the hygiene 
hypothesis, in which] a 
lack of exposure to bac-
teria and parasites, spe-
cifically during child-
hood, may be the cause 
of the rapid increase in 
allergy cases, since it 
prevents proper devel-
opment of the immune system.”2 An allergy, which describes 
the body’s reaction to a harmless substance, can therefore be 
linked to an “unbalanced immune system.”2 The incidence 
of allergies is rapidly increasing. Asthma, a common allergy 
manifestation, is particularly on the rise.2 Many people con-
nect its greater prevalence to an increased use of antibiotics. 
A recent lab study revealed that mice had worsened asthma if 
they were given antibiotics as babies compared to those given 
antibiotics in adulthood or not at all.2 These data serve to con-
nect antibiotic use to asthma and enforce the fact that micro-
bial changes at a young age are quite influential. Although 
antibiotics are meant to destroy harmful bacteria, they end up 
destroying beneficial ones as well.2 For example, most patients 
with ear infections receive antibiotics as treatment, when the 
majority of ear infections are viral, rendering the antibiotics 
useless.2 While antibiotics can be lifesaving, they are often 
overprescribed, especially in an attempt to treat viruses, for 
which they are useless.2 

METABOLISM AND OBESITY

Additionally, the decrease in microbiota due to antibiotics 
is linked to obesity. Microbes assist with metabolic pro-

cesses, which involve the breakdown of energy and, therefore, 
affect the body’s energy storage.2 In obese individuals there is 
a large excess of energy, which is stored as fat.2 A Danish study 
found that exposing children to antibiotics from birth to six 
months of age is associated with a greater risk of the child 
being overweight at age seven.2 Similarly, a Canadian study 
found that exposing children to antibiotics from birth to age 
one puts them at risk for being overweight at ages nine and 
twelve.2 Thus, a body’s microbial composition, which can be 
altered most influentially at a young age, is a major factor that 
can impact childhood obesity.2

mother should consider her child’s microbiota, which are all 
of the microbes living in an individual’s body.5 A mother is 
the one who ideally establishes her child’s microbiota, which  
then forms the basis of their microbiota for the rest of their 
life.2 Finlay and Arrieta note, “The microbiota takes about 3-5 

years from the time we’re born to 
become a fully established com-
munity, and during this period 
it’s very unstable, especially dur-
ing the first few months of life. 
Any drastic changes to it have 
a very high chance of altering 
the microbiota permanently.”2 
A mother’s varied diet that 
includes fruits, vegetables, and 
fiber, can help develop a diverse 
microbiota, so the immune sys-
tem can better protect the body. 
2 Additionally, the stress levels of 
the mother may affect the child’s 
microbiota.  Poor ranges of 
microbiota in a child, as a result 
of mother’s stress, have been seen 
to be correlated with skin condi-
tions, allergies, asthma, anxiety, 
and attention-deficit hyperac-
tivity disorder in children.2 Fin-
lay and Arrieta state, “Infants 
born to highly stressed mothers 
showed lower levels of benefi-
cial microbes, such as lactic acid 
bacteria…[which are] associated 
with more gastrointestinal issues 
and allergic reactions in babies.”2 

Lactic acid bacteria promote milk digestion in babies, which 
is a crucial metabolic process.2

A child’s microbiota often develop further during a vagi-
nal delivery. Maternal vaginal and fecal microbes are optimal 
for newborns. “The world is full of microbes, and all babies are 
going to get soaked with them immediately after birth, regard-
less of how they are born. Why not make sure that a baby gets 
coated in the microbes from which [they] will benefit most?”2 
Unfortunately, a child born via C-section misses out on these 
microbes. In a pregnant woman there is an increase in micro-
bial production to be passed onto the child at birth as it trav-
els through the vagina; C-section babies, instead, receive their 
microbial base from skin, soil, and other surfaces.2 Accord-
ing to a 2014 Dutch study, many of the microbial differences 

BOOK OVERVIEW

A Body of Microbes
Rebecca Moragne

EW, GERMS! FROM COOTIES TO THE COMMON 
cold, germs are prevalent in our every day lives. While 
the word  “germ” usually has a negative connotation, 

this is not true for 90% of them.4 Germs refer to microbes 
that usually cause disease; however, microbes include a 
whole array of viruses, bacte-
ria, and protozoa.2 “For every 
single human cell in our bod-
ies, there are ten bacteria cells 
inhabiting us; for every gene in 
our cells, there are one-hundred 
fifty bacterial cells.”2 In fact, 
people are more bacteria than 
they are human. Microbes play 
a large role in the immune sys-
tem and metabolism, especially 
in those processes in the gut.2 In 
Let Them Eat Dirt, Drs. B. Brett 
Finlay and Marie-Claire Arrieta 
reveal how exposure to external 
microbes from birth can be ben-
eficial to health and when they 
are short in supply, it can poten-
tially be detrimental.

THE IMMUNE SYSTEM

When a pathogen, which 
is a harmful microbe, 

enters the body, the immune 
system reacts to destroy it.2 The 
immune system also memorizes 
the pathogen, so in the event of a 
subsequent exposure, it may rap-
idly identify the microbe to pre-
vent further infection.2 On the other hand, when a harmless 
microbe enters the body, the immune system learns to ignore 
it.2 Exposure to healthy microbes is essential for the immune 
system to efficiently be able to differentiate them from the 
damaging ones. If the body is not sufficiently exposed, it may 
not destroy pathogens quickly enough or may incorrectly 
destroy beneficial microbes.2 Finlay and Arrieta state, “If 
children’s lifestyles and behaviors dictate a limited exposure 
to these training events, their immune system will be par-
tially immature and will not learn how to properly react to 
a pathogen or how to tolerate harmless microbes.”2 When a 
body incorrectly reacts to healthy microbes, allergies and gas-
trointestinal disorders are more likely.2

PREGNANCY: THE BEGINNING

Exposure to microbes ultimately begins during pregnancy. 
From the moment a pregnancy test reads positive, a 
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FECAL TRANSFERS

As the importance of microbes in human health is empha-
sized, innovative medical techniques are advancing. 

Through fecal transfers, healthy and diverse microbes can be 
transplanted into a patient needing metabolic or gastrointes-
tinal support.2 Fecal matter houses many microbes because of 
its passage through the gut.2 During a fecal transplantation, 
fecal matter from a donor’s stool is placed into the gastroin-
testinal tract of the recipient.3 This procedure is beneficial for 
those who lack microbial diversity.2 In one study, two sets of 
germ-free mice were colonized, such that one set was given 
feces from obese mice and the other was given feces from 
healthy-weight mice.2 The set of mice exposed to the obese 

mice feces gained sig-
nificantly more weight 
than mice exposed 
to the healthy-weight 
mice feces.2 Addition-
ally, to target irritable 
bowel syndrome (IBS), 
germ free mice were 
transplanted with feces 
from humans with and 
without IBS.2 Germ-
free mice with fecal 

transfers from humans with IBS developed IBS symptoms 
while those who received transfers from humans without IBS 
developed no IBS symptoms.2 In many human IBS patients, 
fecal transplants are even shown to cure patients.2 For  IBS, 
the transplants currently have nearly a 50% success rate.2 The 
use of the emerging potential of fecal transfers is therefore 
highlighted as beneficial for a variety of causes.

CONCLUSION

Microbes are responsible for assisting the body’s metabo-
lism, immune system strength, and gastrointestinal 

function. From birth, microbes inhabit the body. This habita-
tion happens regardless of the type of birth, so it is essential 
that the primary exposure to microbes is from those that will 
be the most beneficial, which are the mother’s. The microbes 
in a newborn are the foundation for the development of the 
rest of the child’s health. Specifically, microbes can affect a 
human’s weight, gastrointestinal health, and immune system. 
Therefore, it is vital that they are protected. If an antibiotic is 
required, a patient should be aware of the necessary steps to 
replenish microbial loss through diet and probiotics to incor-
porate live and healthy bacteria into their system.1, 2 Due to 
growing research, fecal transplants are a promising option to 
both improve microbial content and cure diseases.2 This is 
shit people need to know! Pun intended. Dr. B. Brett Finlay 
and Dr. Marie-Claire Arrieta’s riveting book is just the begin-
ning of microbial research, since information on microbes is 
newly developed and there is much to be understood about 
the potential of microbes. The takeaway message is simple: 
“Let Them Eat Dirt!”2

“The microbes in a newborn are 
the foundation for the rest of the 
child’s health. They can affect a 

human’s weight, gastrointestinal 
health, and immune system.”
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in a highly structured routine, which can 
include various side effects, painful prick-
ing, and a hefty medication bill.7 

Not only is the treatment for diabetes 
complex and intensive, but complications 
arising from it can be even more signifi-
cant. Those with diabetes must continue 
treatment or else risk heart disease, kidney 
damage, nerve damage, eye damage, and 
other debilitating complications.4,6 The 
price of these complications, compounded 
by the costs associated with maintaining 
blood sugar levels, results in a substantial 
medication bill. The price of diabetes is so 
significant that in 2012 it cost the United 
States $245 billion.1 This increased medi-
cal expenditure for those with the disease 
by 2.3 times compared to medical expenditure from the non-
diabetic population.1 As diabetes rates rise in the population, 
the cost can only be expected to continue on an upward trend. 
While treatment may be a nuisance expense, the risks posed 
to diabetics make the decision compulsory. Although the cur-
rent situation appears grim, new research has shed light onto 
curing diabetes in the form of an artificial pancreas. 

ARTIFICIAL PANCREAS: VIABLE TREATMENT OPTION?

Just this past month, the Food and Drug Administration 
(FDA) approved the first artificial pancreas produced by 

Medtronic, a medical technology development company.8 
The product, called the 670G sys-
tem, enables those with Type 1 dia-
betes to continually monitor blood 
glucose levels and respond effec-
tively without the need for manual 
injections.8 The artificial pancreas 
is worn outside of the body with an 
infusion site, along with a sensor to 
measure blood glucose levels.8 This 
technology is considered an artificial 
pancreas because it similarly reacts 
to blood glucose levels automatically 
and responds accordingly.8 Currently, an individual with Type 
1 diabetes can either inject themselves multiple times a day, or 
wear an insulin pump and manually inject insulin into that 
pump.5 The 670G system, on the other hand, functions like an 
insulin pump by monitoring blood glucose levels, but when 
glucose levels fluctuate, it automatically delivers insulin into 
the body.8 This system is highly desirable, as Type 1 diabetics 
must be very careful when taking insulin. Adding too much 
insulin, or not enough before meals, can cause individuals to 
go into insulin shock, resulting in comas, seizures, or even 
death.9 By having the blood glucose levels monitored auto-
matically, the individual does not need to manually adjust 
insulin dosages, which can reduce the possibility of an insulin 
overdose. 

The 670G system not only prevents overdoses, but has the 
possibility to drastically change the lives of Type 1 diabetics. 
Currently, the medical costs to maintain diabetes are high, 

diabetes in America. As with Type 1 diabetes, Type 2 diabetes 
has no known cure; however, it can be managed by a combi-
nation of modified diet, exercise, diabetic medications, and 
insulin therapy.6

DIABETES MANAGEMENT

As mentioned previously, there is no real treatment for 
Type 1 diabetes, however insulin can be taken to control 

blood sugar.5 Insulin cannot be taken orally because stom-
ach enzymes would break it down, so insulin must instead be 
given through injections or through a pump.5 These options 
may be undesirable, but are some of the only ways to effec-
tively lower blood sugar levels. Another option for those who 
would rather end insulin injections is a pancreas transplant. 
Pancreas transplants are alluring, as a patient who has had a 
pancreas transplant no longer needs insulin.5 However, there 
are many complications that can arise. When a person gets a 
pancreas transplant, they must take powerful immune-sup-
pressing drugs for the remainder of their lifetime in hopes of 
preventing organ rejection.5 Unfortunately, these drugs can 
have serious side effects that can lead to infection and organ 
damage.5 Because of the risks associated with pancreas trans-
plants, plus the additional cost of the operation itself, rela-
tively few people undergo this procedure.5 While the cost of 
insulin injections over a lifetime may favor a pancreas trans-
plant, the cost of the operation and the cost of the immune-
suppressing drugs, alike, make both options unsatisfactory. 

The cure for Type 2 diabetes is also yet to come, so insulin 
as well as healthy diet and exercise can 
help to reach target blood sugar lev-
els.7 That said, many individuals with 
Type 2 diabetes cannot reach desired 
blood sugar levels by diet and exercise 
alone, and they must take medication 
or insulin.7 Insulin is taken using the 
same methods as individuals with 
Type 1 diabetes; however, many medi-
cations can lower blood sugar levels in 
Type 2 diabetics in various ways, such 
as by lowering the production of glu-
cose in the liver.7 The unappealing side 

of medications includes the many side effects that can range 
in severity, from nausea to infections.7 Additionally, the use of 
medication alone may not be able to reduce insulin levels, so 
a combination of various medications and insulin therapies 
are prescribed depending on the diabetic’s needs.7 The need 
to take multiple medications and insulin therapies results 

“The 670G system not 
only prevents overdoses, 
but has the likelihood of 
drastically changing the 
lives of Type 1 diabetics.”

INSIGHT

Finding the Cure
Diabetes and the Artificial Pancreas
Ted Midthun

TODAY, MOST PEOPLE KNOW OF SOMEONE 
who lives with diabetes. In the United States alone, a 
staggering 29.1 million people had diabetes in 2012, 

and nearly 1.4 million cases of diabetes have emerged each 
year.1 Not only is diabetes prevalent within the US population, 
but it persists as the seventh leading cause of death.1 69,091 
deaths in 2010 were due to complications related to diabe-
tes.1 Diabetes is therefore a growing problem, and its forecast 
within the population remains dismal. Obesity is the leading 
cause of Type 2 diabetes.2 With one third of American adults 
identifying as obese and another third as overweight, the 
widespread obesity epidemic in the United States continues 
to worsen.2 Fortunately, new research on the artificial pan-
creas has provided insight on curing diabetes. Although the 
artificial pancreas is brand new and still under investigation, 
it offers promise in curing diabetes, a disease that diminishes 
quality of life, requires constant maintenance, and depletes 
finances.

DISTINCTIONS WITHIN DIABETES

Diabetes is a disease that affects an individual’s ability to 
regulate glucose, resulting in an unnaturally high con-

centration of glucose in the body.3 Despite the overall urgency 
of diabetes, it is difficult to address the disease because its two 
forms vary greatly in both causal factors and treatments. Type 
1 diabetes, also known as insulin-dependent diabetes, occurs 
when the body cannot regulate insulin.4 Insulin is a bodily 
hormone produced in the pancreas that allows sugar, in the 
form of glucose, to enter a cell so 
it may be metabolized.4 Type 1 
diabetes is usually diagnosed dur-
ing childhood, since genetics and 
exposure to certain viruses alter 
the pancreas’ ability to produce 
insulin.4 Despite continual efforts, 
no known cure has been found for 
Type 1 diabetes, and those with 
the disease must follow a regimen 
of taking insulin to regulate their 
blood sugar levels.5 

While Type 1 diabetes is insu-
lin-dependent, Type 2 diabetes is insulin-resistant.  Type 2 
diabetes is a chronic condition in which the body resists the 
effects of insulin or produces reduced amounts of insulin, 
thus impacting the body’s ability to regulate sugar.6 Though 
the exact reason for developing Type 2 diabetes remains 
unknown, it is thought to most likely be influenced by a com-
bination of genetic and environmental factors.6 These fac-
tors include heavy weight and inactivity, which underscore 
the influence of the obesity epidemic on the rise of Type 2 
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but the costs of complications due to diabetes are even more 
substantial.1 With an artificial pancreas, there is a reduction 
in human error that can occur when manually inserting insu-
lin. Alterations to blood glucose levels in Type 1 diabetes, 
overtime, can lead to many severe complications and, as a 
result, increase the chance of a costly disease. By moving to a 
more automatized system, the individual has a lower chance 
of needing to pay the costs associated with the disease.8 Fur-
thermore, this regulatory pattern of insulin injection reduces 
the need to get a pancreas transplant.8 With the cost of the 
transplant and the complications that can arise as men-
tioned earlier, the 670G system spares the need to undergo 

the difficult procedure. Additionally, 
because Type 1 diabetics would not 
need to inject themselves with insu-
lin as often, they would have more 
freedom to live the life they desire 
and spend less time worrying about 
maintaining their glucose levels.8 
This peace of mind could increase 
the quality of life for many with 
Type 1 diabetes. With the approval 
of the 670G system underway, there 
is a great chance of improving the 

lives of many Type 1 diabetics through more personal free-
dom and decreased medical costs. 

While the 670G system provides a new and, arguably, 
improved method of regulating diabetes, there are still short-
comings that remain. One of the major limitations to this sys-
tem is its inability to be a fully automated insulin injector.8 
Individuals still need to manually inject insulin before meals, 
since the device cannot adequately detect and effectively 
apply insulin in this instance.8 Similarly, the system needs 
to be turned off of the automatic mode when self-injecting 
in order to prevent an overdose of insulin.8 While a Type 1 
diabetic does not have to inject insulin as often with the sys-
tem, they, nonetheless, need to manually adjust their insulin 
levels several times a day.8 Another large restriction of the 
670G system is its inability to effectively control Type 2 dia-
betics. This is because Type 2 diabetes is more diverse in the 
causes associated with it.8 Since most Americans have Type 

670G System 
Image Source: www.medtronicdiabetes.com

“Many individuals with 
Type 2 diabetes cannot 

reach desired blood sugar 
levels by diet and exercise 
alone, and they must take 

medication or insulin.”
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2 diabetes, they cannot benefit from this system.8 Unfortu-
nately, as a result, the majority of diabetics will continue to see 
no improvements to their treatment. 

With the 670G system seen as a step toward diabetic treat-
ment, how far away are we from fully curing diabetes? The 
solution would most likely come in the form of a closed loop 
system, as opposed to a hybrid closed loop system, which is 
what the new 670G system falls under.8 The distinction is 
drawn when the individual no longer needs to take any sup-
plemental insulin, and their insulin levels are instead regu-
lated by a fully automatic system.8 This solution is difficult to 
envision in the near future because current systems cannot 
monitor significant fluctuations in blood glucose levels that 
occur when food is eaten and, therefore, cannot respond with 
insulin effectively.8 Nevertheless, this artificial pancreas tech-
nology is continually improving and provides a hopeful light 
for curing diabetes at the end of the tunnel. 

While the artificial pancreas system does not yet apply 
to Type 2 diabetes, Medtronic continues to improve diabetic 
devices.8 The hope is that such a system will exist for Type 2 
diabetics in the future. This improved system could impact 
the lives of millions of Americans by reducing the need for 
medication and, thus, saving them costs associated with addi-
tional medications and complications of diabetes, such as 
heart disease. Although an artificial pancreas could cure Type 
2 diabetes in the future, a dilemma arises when addressing 
this problem. If an individual develops Type 2 diabetes and 
then is put on an artificial pancreas, there is a possible lost 
incentive to lower the individual’s blood sugar levels normally 
through diet and exercise. As obesity rises in the US, and 
Type 2 diabetes increases as a result, individuals with an arti-
ficial pancreas may not address the core problem of obesity. 
In this instance, the ‘cure’ to diabetes would be a downstream 
approach to a much needed upstream problem of addressing 
this epidemic. 

CONCLUSION

Despite the progress that still needs to be made regard-
ing diabetes, the 670G system is the first of its kind to 

work towards a cure. According to Medtronic, the product is 
scheduled to be released in Spring 2017, and the cost of the 
unit is yet to be determined.8 Unfortunately, the product is 
not applicable to every Type 1 diabetic, as only those above 
age 14 can utilize it.8 While there is hope to reach younger 
diabetics in the future, further testing is still necessary. This 
hybrid closed system is a major first step in curing Type 1 
diabetes and serves as a model for curing Type 2 diabetes. 
The task of curing such a complex disease is daunting and 
intimidating, however the realm of diabetic technology is 
one of excitement and optimism. Hopefully one day, regard-
less of the age or circumstances in which diabetes develops in 
an individual, the solution can be effective and, most impor-
tantly, improve a patient’s quality of life. 
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RESEARCH HIGHLIGHT 
A Vaccination Breakthrough for UTIs
Rebecca Moragne

MANY WOMEN ARE FAMILIAR WITH THE PAIN-
ful and persistent urination symptoms and 

abdominal and back pain of a urinary tract infection 
(UTI). In a woman’s lifetime, she has about a 50% 
chance of acquiring a UTI. This infection initiates in 
the bladder and, if not followed by prompt antibiot-
ics, spreads to the kidney and bloodstream. However, 
these severe infections may become obsolete due to 
research from the Washington University School of 
Medicine in St. Louis. 

Eight of every ten UTIs are caused by the bacte-
ria Escheria coli (E. coli). E. coli can attach to the blad-
der with pili, which are long projections. Researchers 
recently developed a vaccine for chronic and recurrent 
UTIs due to characteristics of pili. In E. coli, there are 
two types of pili: type 1 and Fml. The vaccine targets 
the protein FmlH, which is in Fml pili. The FmlH sits on 
the tip of a pilus and assists the bacteria to attach to 
the bladder wall. Matthew Conover, PhD, a researcher 
from the lab at the Washington University School of 
Medicine in St. Louis, stated “We found that the Fml 
pilus plays little to no role in acute bladder infection, 
but after the establishment of infection and the onset 
of inflammation, it contributes to the persistence of 
bacteria in the bladder.” When the researchers sepa-
rated the FmlH from E. coli  and infected the urinary 
tract of mice with bacteria both with and without the 
FmlH gene, the mice without FmlH had 1,000 times 
less bacteria in their bladder and 100 times less bacte-
ria in their kidney than the mice containing the gene.

After the results from the FMlH gene study, the 
researchers developed a vaccine with pieces of the 
FmlH protein. One group of mice received the vaccine 
while a second group remained as a control without 
the vaccine. Subsequently, both groups were infected 
with E. coli  in their urinary tracts. After three days the 
vaccinated mice contained 1,000 times less bacteria 
in their bladder and 100 times less bacteria in their 
kidneys than the unvaccinated mice. Scott Hultgren, 
PhD, a professor of molecular biology and one of the 
study’s senior authors noted that, “this [result] is proof 
of concept that we can interfere with the ability of the 
bacteria to adhere to the bladder and reduce chronic 
bladder infection and spread to other parts of the 
body.” Further steps will now be taken to explore the 
vaccine’s potential towards human application. Vac-
cination for UTIs may increasingly become necessary 
as multidrug resistant infections are appearing, and 
implementation of this research in humans may be 
required in the near future. 

because of the notable flaws in previous study designs.2  

This 1965 literature review was then used for years to 
guide public policy and shape future research. By the end of 
the 80s, the role of sugar in coronary disease was considered 
minimal.1 The impact that Project 226 had on policy was 
even reflected in the first ever U.S. Department of Agriculture 
(USDA) Food Guidelines in 1980. The guidelines highlight 
tooth decay as the major risk of eating sugar, while it persists 
that “There is no convincing evidence that sugar causes heart 
attacks or blood vessel diseases.”5 The weight that published 
research carries is therefore underscored by its rapid infiltra-
tion in public life.

However, the new case study that was published this Sep-
tember investigated the SRF by looking at their internal doc-

uments related to diet and disease.4 

Titled “Sugar Industry and Coro-
nary Heart Disease Research: A His-
torical Analysis of Internal Indus-
try Documents,” the study found 
shocking connections between the 
SRF and 1965 literature review.1 Pri-
marily, the authors discovered cor-
respondence between the SRF and 
the authors of the literature review, 
which included uncovering that 
nearly $50,000 was spent by the SRF 
to fund Project 226.2 This SRF fund-
ing was not disclosed to any extent 

in the original paper.2 Additionally, letters sent between Hick-
son and the authors of the literature review surfaced.1 One of 
these letters was written by Hickson, asking for the authors 
of the review to send over another draft that he could read 
and edit.1 This indicates a clear instance of communication 
between those involved with the review and direct leaders in 
the SRF, none of which was relayed in the original literature 
review.

The newly uncovered scandal thus emphasizes the impor-
tant role that published research plays in influencing policy, 
investigations, and funding. While it has some limitations, 
including that the evidence gathered is circumstantial, that 
those involved in the scandal are dead, and that the weight 
of each of the found documents is not accurately known, the 
present study has made a discovery that can redirect the goals 
of current policy and research.1,2 As seen with the influence 
of the 1965 literature review on the USDA Food Guidelines, 
published reviews have a grave impact on advising the popu-
lation in many capacities. The sugar industry manipulated 
scientific conversation at the potential risk of our population’s 
health, so this scandal cannot be taken sweetly.

INSIGHT

Sweet Manipulation
 Lushna Mehra

FRUCTOSE. GLUCOSE. MALTOSE. GALACTOSE. 
These names are ubiquitous, as they cover labels of 
innumerable foods in any grocery store. They all have 

one common connection: sugar. Throughout the years, vari-
ous research studies have been published that link different 
food groups, namely sugar and fat, to disease. What if fund-
ing sources were purposely not disclosed in these studies? 
What if this left the average consumer unaware of potential 
biases in a publication that named foods as risk factors for 
the global leading cause of death, Coronary Heart Disease 
(CHD)?1,4 What if a biased publication was then used to 
inform public policy? 

A new case study, conducted by researchers from the 
University of California San Francisco, delves into this prob-
lem. Authors of the recent study, 
published in JAMA Internal Medi-
cine, have uncovered the hidden 
role of the Sugar Research Foun-
dation (SRF) in funding a 1965 
review paper that demonized fats 
and cholesterol as major risk factors 
for CHD and minimized the role of 
sugar in disease.1

In the 1960s, physiologists 
published several articles that tar-
geted sugar as the main culprit in 
heart disease.1 Of the articles that 
attacked sugar, three were seen as 
particularly threating to the sugar industry. The first two 
found that blood glucose levels better predicted athero-
sclerosis, or plaque build-up, than did cholesterol or blood 
pressure.1 The third article noted that sucrose plays a large 
role in creating fat.1 Studies like these posed a major threat 
to the sugar industry, and the Vice President and Director 
of Research of the SRF, John Hickson, became weary about 
the future of his industry. Hickson began to appoint various 
members of the Harvard School of Public Health and Nutri-
tion, including leading members in the field of CHD research, 
to join the SRF.1 

This was the birth of Project 226.1 Project 226 was a 1965 
literature review, titled “Dietary Fats, Carbohydrates and Ath-
erosclerotic Disease,” published in the New England Journal 
of Medicine that blamed carbohydrates, other than sugar, as 
well as fats for being high risk foods that cause heart attacks.1 
It downplayed the role of sugar consumption in CHD by 
enforcing that the previously published studies that targeted 
sugar had questionable data, incorrect analyses, and ignored 
potential confounding variables.2  The literature concluded 
that cutting out fat is the best way to combat coronary disease 

References for this article can be found at 
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FRESHWATER AVAILABILITY 

The availability of freshwater is also evolving with climate 
change, as factors including temperature and precipita-

tion affect the distribution of freshwater. A study published 
by the International Association of Hydrological Sciences 
(IAHS) maps out “hotspots” where the world’s changing water 
supply is increasingly likely to affect.5 The study also esti-
mates how significantly climate change will affect the vulner-
able areas. In some parts of North America, decreased water 
levels in streams damage the habitats of various freshwater 
organisms, most notably 
salmon.5 In western Europe, 
hydropower complexes are 
not able to generate as much 
electricity as they once were.5 
In underdeveloped regions of 
Africa without proper sanita-
tion and drainage infrastruc-
ture, heavy rains associated 
with climate change can be 
catastrophic. Pathogen loads 
brought on by precipitation 
can accumulate to danger-
ously high levels in commu-
nities that are ill-equipped to handle these extreme weather 
incidents.5 When considering not only agriculture and the 
world’s water supply but also the economic impact that these 
changes are causing, it is easy to picture how climate change 
is affecting the very building blocks of life. 

THE IMPACT OF CLIMATE CHANGE ON SHORT-TERM 
INSURANCE

Climate change also impacts short-term insurance.6 In 
this changing world, the occurrence of natural disasters 

such as hurricanes and other tropical storms is inevitable.1 
Insurance companies are raising home insurance premiums 
to compensate for the increased risk that climate change 
brings. While larger companies, such as Warren Buffet’s 
Berkshire Hathaway, are not very concerned about climate 
change’s effect on their profitability, an increasing number of 
insurance companies have been reluctant to insure property 
against natural disasters.6 Damage from rainfall, snowfall, 

studies have shown that agriculturalists are varying the 
amount of land they farm and the types of crops they grow.2 
From season to season, the availability of foods that many 
people take for granted is becoming less and less reliable as 
certain changes in the climate affect different crops. Statis-
tical models show that by 2050, climate change can reduce 
the production of staple foods such as corn, rice, wheat, and 
other grains by up to twenty-five percent.3 Although tech-

nological advances are increasing 
the agricultural industry’s capacity 
for adapting to such changes, food 
prices will still increase as supply 
becomes more limited.3 High year-
to-year variations in crop yield also 
affect the livelihood of farmers, who 
are now at the mercy of weather 
patterns. In developing countries 
without established and stable agri-
cultural sources, malnutrition from 
crop failures heavily impacts grow-

ing children. Both the quality and the quantity of crops vary 
between each harvest season, making it difficult for many 
communities to maintain a steady food supply.   

FOOD SAFETY 

The security of the world’s food supply is not the only thing 
in danger. Food safety is another major concern. Under 

extreme weather conditions such as the ones associated with 
climate change, many crops generate harmful chemical com-
pounds.4 Staple crops, including wheat, barley, and soybeans, 
are producing toxins that have deleterious effects on not only 
humans but also animals that consume these crops. Recent 
reports suggest that these toxins are by-products that plants 
generate as they defend themselves from harsh weather con-
ditions.4 For example, droughts hinder the ability of plants to 
convert nitrates into proteins that they can use.4 As a result, 
many crops today have been shown to have elevated levels of 
nitrate.4 When consumed by humans, the amount of nitrates 
in these plants can negatively impact red blood cell activ-
ity.4 Other toxins that climate change is introducing in plants 
include prussic acid (also known as hydrogen cyanide) and 
aflatoxins.4 Scientists have demonstrated that these chemi-
cal compounds can cause liver damage, cancer, and damage 
to fetuses.4 Something as simple as eating a bowl of cherries 
grown under the wrong weather conditions can be a life-
changing event.

“Something as simple as 
eating a bowl of cherries 
grown under the wrong 

weather conditions can be 
a life-changing event.”

INSIGHT

Climate Change 
A Threat to Human Health and Well-Being
Rachel Lai

FOR SOME PEOPLE, CLIMATE CHANGE IS JUST 
a vague idea brought up on the Internet or mentioned 
in passing. For others, climate change is an imminent 

threat to our current way of life. The truth is that anthropo-
genic climate change is a pressing issue that will dramatically 
affect everyone’s lives in the coming decades. Everything 
from food to insurance policies is changing with the climate. 
Communicable and zoonotic disease outbreaks are becoming 
more common as the animals that 
coexist with humans struggle to 
adapt.1 The World Health Organi-
zation estimates that about 150,000 
people die each year from causes 
associated with anthropogenic cli-
mate change.1 While infectious dis-
ease outbreaks often draw substan-
tial amounts of attention from the 
media, it is easy to overlook vari-
ous other implications of climate 
change. A rapidly changing climate 
threatens the agricultural industry, affecting food security, 
food safety, and the availability of freshwater. In developing 
nations, climate change can have catastrophic effects on eco-
nomic growth, as well. When scientists consider all these vari-
ables, they truly see the scope of this issue. Climate change is 
a scientific reality that poses an imminent threat not only  to 
humanity, but also every other organism living in this world.  

FOOD SECURITY

Agriculture is one important sector that climate change is 
dramatically altering. Up until quite recently, research 

on climate change had mainly examined its impact on crop 
yield. Scientists were primarily concerned with how much 
product could be harvested from a unit of land. More recently, 
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bush fires, and tropical storms have been unprecedented.1 
Although insurance companies are able to adjust premiums 
according to these increasing risks, damages caused by climate 
change are difficult to quantify, leaving many blank spaces in 
the equation. Frank Nutter, the president of the Reinsurance 
Association of America, believes that “global warming could 
bankrupt the industry.”7 However, this does not affect just the 
insurance industry; it affects every homeowner struggling to 
insure their home in a world that is becoming increasingly 
subjected to natural disasters.

WHY CLIMATE CHANGE 
MATTERS

When tragedies, like shoot-
ings and attacks, occur 

and fill up the media, it is easy for 
people to forget the hidden dan-
gers that lurk beneath the surface. 
Human activity is wreaking havoc 
on the environment, making the 
world a less and less habitable 
place not only for humans but also 
for plants and animals. While cli-
mate change does naturally occur, 

anthropogenic climate change at this scale is unprecedented.4 

Technological and scientific advances have improved the 
quality of human life, but the drive for innovation at all costs 
has brought unforeseeable consequences to a world that is not 
equipped to handle such invasive human activity. The condi-
tions essential for maintaining the biodiversity that everyone 
depends on are rapidly deteriorating. Keeping the environ-
ment healthy and taking a “One Health” approach is critical 
because the overall health of planet Earth depends on global 
biodiversity. Phenomena such as rising sea levels, unprec-
edented rainfall, disease outbreaks, and mass crop failures 
know no boundaries. Climate change is therefore a press-
ing scientific reality and health concern that everyone must 
address.

“Human activity is wreaking 
havoc on the environment, 
making the world a less and 

less inhabitable place not only 
for humans but also for plants 

and animals.”
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natural world: wood, fire, earth, metal, and water.3 TCM uses 
these elements’ clear relationships to interpret the physiology 
and pathology of the human body in relation to one another.3 
The elements represent organs, and TCM holds that good 
health depends on a dynamic relationship between them.3 
Thus, a combination of these three theories creates the foun-
dation for a majority of TCM treatments.

TAICHI AND QIGONG

Though tai chi and qigong have been around for over 
5000 years, tai chi was first introduced to America in the 

1950’s, when a Chinese modern dancer taught the practice to 
a group of students and was featured 
in a Popular Mechanics article.7,8 Since 
then, it has become much more com-
mon, as approximately 3.45 million 
people in the U.S. currently  practice 
tai chi.9 Additionally, tai chi, qigong, 
and yoga have been used in combina-
tion, and this complementary health 
approach became very popular among 
adults in the U.S. in 2012.10 

Tai chi and qigong are a series of 
similar practices based on TCM prin-
ciples that aim to improve the center 
of the body, mind, and breath.7 Qigong 
focuses on posture, fluid movements, 
breath control, and meditation to 
enhance energy in a deeply focused, 
relaxed state.7 Similarly, tai chi is a 

form of meditative movement used to enhance physiological 
and psychological function.7 However, tai chi is more active 
than qigong and typically includes a series of highly choreo-
graphed, lengthy, and complex exercises.7 

According to various research reports and clinical trials, 
tai chi and qigong can have numerous health benefits, espe-
cially for the elderly. A comprehensive review of the health 
benefits of the two practices found strong evidence that they 
both have positive effects on bone health, cardiopulmonary 
fitness, quality of life, self-efficacy, and fall prevention.7 A 
review of clinical trials found that they may improve physical 
ability and reduce blood pressure, fall risk, depression, and 
anxiety.11 Additionally, a 2016 review found that tai chi has 
the potential to temporarily relieve the chronic pain caused 
by osteoarthritis, low back pain, and osteoporosis.12 Tai chi 
and qigong are therefore quintessential forms of TCM that 
should continue to be embraced and clinically evaluated as 
beneficial forms of complementary or alternative medical 
treatment due to their low-risk potential for health benefits.

INSIGHT

Traditional Chinese Medicine in the Western World 
Helen Mizrach

DID YOU NOTICE THE RED AND PURPLE       
marks that covered the body of Michael Phelps and 
several other Team USA athletes during the 2016 

Summer Olympics? These marks were actually bruises from 
a treatment known as cupping, a form of traditional Chinese 
medicine that has become increasingly popular in the United 
States.1 Traditional Chinese medicine, or TCM, dates back 
thousands of years to China’s Huangdi era.2 Heavily rooted 
in traditional Eastern philosophy, original TCM practitioners 
believe that health is dependent upon the body harmoniously 
maintaining a state of balance between internal and external 
stability.2 Therefore, diagnosis and treatment in TCM intends 
to detect and correct imbalances that 
are present in the body.3 

Although the practices of TCM 
originated in ancient China, they 
have been passed down through gen-
erations and introduced to societies 
all over the world. These practices 
have been modernized, but still main-
tain some semblance of their roots in 
Eastern philosophy. In the 1970s, tra-
ditional Chinese medicine infiltrated 
communities all across the United 
States.5 Today, nearly 38% of adults 
living in the United States use some 
form of complementary or alterna-
tive medicine, many of which involve 
TCM in some capacity.6 Due to their 
efficacy in the treatment of various 
health conditions, the TCM treatments of tai chi, qigong, 
acupuncture, and cupping, in particular, have surged in pop-
ularity throughout the United States. 

MAIN THEORIES OF TCM

TCM treatments are shaped by the three major philosoph-
ical theories of qi, yin yang, and wuxing.3 The concept of 

qi introduces a “vital energy,” which one must learn to bal-
ance and harness appropriately in order to prevent illness.4 
In contrast, the yin yang theory expresses a universal stan-
dard that describes two complementary aspects of an indivis-
ible whole.3 Yin is associated with cold, rest, darkness, and 
the structure and form of the body. Yang, on the other hand,  
is associated with heat, stimulation, movement, light, body 
function and metabolic activity.3 In medicine, this theory 
compares and contrasts both physiological and pathological 
phenomena while acknowledging that the two are interde-
pendent.3 Ultimately, the goal of treatment is to balance the 
relationship between yin and yang phenomena in the body.3 
Finally, in wuxing, or the five phase theory, the phenomena 
of the universe falls into five categories associated with the 
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ACUPUNCTURE

Western civilizations have embraced acupuncture as 
a widely practiced form of TCM.13 The origin of 

acupuncture in Chinese history is often debated, though 
it seems to have originated around the 1st century BCE, 
when it was discussed as a signature form of TCM in an 
East Asian canonical text.14 Acupuncture is embedded in 
the philosophical framework of TCM, since it is believed 
to shift a person’s unique internal climate.4 This is done 
by inserting fine needles into precise points on the body 
in order to correct imbalances of yin and yang.1,4,13 The 
needles are inteded to reorganize or recallibrate an indi-
viduals’s internal weather patterns.14 There are at least 2000 
acupuncture points in the human body, each of which has 
a specific therapeutic treatment.14 

Although acupuncture has been available through-
out the United States since the 19th century, its popular-
ity increased dramatically in the 1970’s.15 Today, there are 
over 18,000 licensed acupuncturists in the United States.25 
Western medical acupuncture has adapted  the traditional 
form of acupuncture by incorporating current anatomical 
knowledge and evidence-based medicine into the practice.16 
In the west, most acupuncturists disregard yin yang and qi 
and, instead, view acupuncture 
as a sort of conventional medi-
cine.16 It is most often used to 
treat musculoskeletal pain but 
also has benefits in treating 
nausea, cancer pain, and other 
chronic pains by stimulating the 
nervous system.16

Despite acupuncture’s popu-
larity among Americans, there 
is some controversy regarding 
its effectiveness. There is no 
universally accepted biological 
mechanism behind acupuncture 
treatment for pain relief, which 
leaves many patients and clini-
cians skeptical of its supposed 
benefits17. A 2012 meta-analysis of 29 randomized control 
trials, including nearly 18,000 patients, examined the effect 
of acupuncture on chronic back, neck, and shoulder pain, 
osteoarthritis, and chronic headaches.17 Researchers found 
that acupuncture reduced subjects’ pain more than treat-
ments without acupuncture or those involving a placebo acu-
puncture treatment.17 However, the difference in the effect of 
the acupuncture treatment and the placebo treatment were 
modest, which suggests that multiple factors may contribute 
to perceived therapeutic effects of acupuncture.17 While it is 
uncertain whether or not western medical acupuncture is 
simply a glorified placebo, this method continues to be widely 
practiced in the United States.

CUPPING

At the 2016 Summer Olympics, the large, circular bruises 
on Michael Phelps’ back were also sported by many other 

athletes. These bruises were a result of the TCM treatment of 

“While it is uncertain 
whether or not western 
medical acupuncture is 

simply a glorified placebo, 
this method continues to 
be widely practiced in the 

United States.”

cupping, which exists in many forms.18 Cupping therapy dates 
back to 1550 BCE when it was mentioned in the Egyptian 
Ebers Papyrus.20 It was later introduced to the Greeks, Euro-
peans, and Americans and was widely used by physicians into 
the late 1800s.19 However, cupping did not become popular in 
the United States until the early 2000s, when Gwenyth Paltrow 

attended a 2004 New York film 
premiere with cupping marks 
on her back.21 Since then, cup-
ping marks have been seen more 
often in the media, on celebri-
ties such as Jennifer Aniston 
and, of course, Michael Phelps.22 
Cupping marks have essentially 
become a widespread trend in 
American popular culture.

The two most common 
forms of cupping are dry cup-
ping and wet cupping.18 Dry 
cupping traditionally involves 
using fire to heat multiple glass 
cups that are lined with alco-
hol and placed firmly against 

the skin just before the flame is extinguished.19 This creates a 
vacuum effect that draws the skin up and into the cup.19 The 
cups are left in place for 5-20 minutes and leave a circular 
bruise on the skin upon removal.19 This sort of dry cupping 
is mainly used on areas of the body that are saturated with 
muscle, such as the back, chest, abdomen, and buttocks.19 It is 
known to increase circulation in the treated area, which then 
allows toxins to rise to the body’s surface.19 Additionally, dry 
cupping is thought to activate the immune system in order to 
increase lymph flow, and it may also be used on acupuncture 
points to elicit endorphins, serotonin, or cortisol to enhance 
pain relief.19 The main reason dry cupping has been so com-
mon among athletes in the U.S. is because of the notion that it 
improves athletic performance.19 

Wet cupping is rather similar to dry cupping. In addi-
tion to placing the heated cups on the body, wet cupping also 
involves further scarring of the skin to the point of bleed-
ing through the use of a needle.20 This is believed to decrease 

Acupuncture Treatment 
Image Source: www.pihgeneva.com

“According to various 
research reports and 
clinical trials, tai chi 
and qigong can have 

numerous health 
benefits, especially 

for the elderly.”
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oxidative stress, drain excess fluids, increase blood flow to 
skin and muscles, and stimulate both the peripheral ner-
vous system and the immune system.20 All of these poten-
tial benefits serve as a rationale for athletes’ use of cupping 
as a treatment, even despite its temporary negative effects on 
appearance. 

How effective is this trendy treatment for pain, though? 
There have been many systematic reviews and meta-anal-
yses of cupping therapy, yet most articles call for increased 
research that includes large-scale unbiased studies before 
stronger claims can be made about cupping’s efficacy. In 
2015, a joural article found that dry cupping appeared effec-
tive in treating various musculoskeletal pain conditions, and 
called for further long-term studies on the effects of repeated 
interventions at different time intervals.19 A 2015 overview 
of clinical evidence for cupping therapy found that it may be 
beneficial for pain related conditions, acne, and facial paraly-
sis, but researchers similarly called for further investigation.23 
Furthermore, a 2016 study of wet cupping found that many  
of the associated adverse effects could be avoided if practitio-
ners received standardized training and strictly adhered to 
safety guidelines.20 Thus, the studies that promote the benefits 
of cupping recognize its limitations and encourage additional 
findings to support the efficacy of this brand of TCM.

CONCLUSION  

Tai chi, qigong, acupuncture, and cupping are all popular 
forms of alternative and complementary medical treat-

ments in the United States that originated from philosophies 
central to Traditional Chinese medicine. In numerous clini-
cal trials, tai chi and qigong have been shown to improve 
bone health, physical function, and mental health, as well as  
temporarily relieve chronic pain.7,11,12 Thousands of licensed 
therapists throughout the United States perform acupunc-
ture in order to treat musculoskeletal pain, headaches, can-
cer pain, and nausea.16,17,25 Finally, cupping has become a very 
popular trend in alternative medicine, providing pain relief 
and  improving athletic performance.20,23 Due to the official 
relationship that the World Federation of Chinese Medicine 
Societies established in 2015 with the World Health Organi-
zation, TCM is soon likely to play a greater role in overseas 
healthcare.24 With new advances and a growing body of clini-
cally proven benefits, TCM is thus bound to thrive in the U.S. 
as an alternative form of medical treatment.

Cupping Therapy
Image Source: www.clinic-eight.com
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NEWS BRIEF
Onions May Inhibit Tumor Growth
Rachel Burd

SCIENTISTS FROM KUMAMOTO UNIVERSITY IN 
Japan have been researching the effects of onionin 

A (ONA), a natural compound isolated from onions, 
on a preclinical model of epithelial ovarian cancer 
(EOC) as well as other preclinical models.  EOC is the 
most common type of ovarian cancer, and it has an 
80% relapse rate.  Therefore, it is necessary to develop 
a more effective treatment for EOC. Fortunately, the 
group at Kumamoto University has recently discov-
ered that ONA possesses some anti-ovarian cancer 
properties.

In vitro experiments have shown that the growth of 
EOCs is inhibited by the presence of ONA.  It is thought 
that ONA impacts a transcription factor called STAT3, 
which is known for its involvement in the proliferation 
of cancer cells.  Moreover, the group’s preclinical sar-
coma (cancer of non-epithelial tissue) model showed 
that ONA inhibits the tumor-promoting functions of 
myeloid derived suppressor cells (MDSC).  ONA initi-
ates an immune response against cancer by destroy-
ing the immunosuppressive functions of MDSCs. 

The researchers’ ovarian cancer murine model 
showed a correlation between orally administered 
ONA and inhibited ovarian cancer tumor develop-
ment, as well as increased longevity when study-
ing this phenomenon in mice.  This was attributed 
to ONA’s suppression of M2 polarized macrophages, 
which are cells associated with tissue repair that can 
promote tumor growth.  Additionally, ONA was found 
to generally increase the efficacy of anti-cancer drugs 
with virtually no cytoxic impact on healthy cells, and 
no side effects in animals have been detected. 

The hope is that this research can result in the 
production and administration of an oral ONA sup-
plement.  This breakthrough in oncological research 
may therefore be capable of greatly improving the 
life span, quality of life, and overall prognosis for EOC 
patients.

Reviewed Book Information:
FARM CITY: The Education of an Urban Farmer
By Novella Carpenter
Published by The Penguin Press, 2009

NOVELLA CARPENTER IS A SERIAL SOD-  
buster. From her childhood as the daughter of two 
back-to-the-earth hippie farmers, to her years tend-

ing raised beds and bee boxes in Seattle, she has almost always 
had some soil on her knees and a pair of snips at her side. So, 
it is no surprise that when she and her boyfriend move to the 
Bay Area, she wastes no time break-
ing new ground. But this isn’t your 
typical urban garden (i.e. a row of 
herb-filled mason jars on the fire 
escape); this is a genuine farm in 
the heart one of Oakland’s gritti-
est neighborhoods: “Ghost Town,” 
she calls it. With questionable legal 
authority, she takes over the aban-
doned lot next to her apartment 
soon after transplanting to the new 
city. Blocks away from the freeway 
and feet away from a billboard that 
warns against sexual predators, 
Carpenter nurtures the sad, sorry 
patch into an oasis of fragrant lime 
trees, verdant mizuna stalks, and 
plump heirloom tomatoes.

Admittedly attracted to 
bucolic visions of pastoral Amer-
ica, Carpenter resists the notion 
that one must move to the middle-
of-nowhere to plant and grow and 
harvest. She finds crop rotations 
second-nature, but would never 
consider living more than a bike 
ride away from the museums and 
bookstores and coffee shops that 
mark a modern, urban life. “I still regard the country as a place 
of isolation, full of beauty — maybe — but mostly loneliness,” 
she writes. “So when friends plan their escape to the country 
(after they save enough money to buy rural property), where 
they imagine they’ll split wood, milk goats and become one 
with nature, I shake my head. Don’t we ever learn anything 
from the past?” In her eyes, an urban farm is the antidote to 
rural melancholia. Her own beds quickly become a commu-
nity garden, attracting Bobby the neighborhood homeless 

Farm City: The Education of an Urban Farmer
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man, the Vietnamese family next door, the local branch of 
the Black Panthers, the Monks at the end of the street, and 
many a teenage misfit to the plot. This gathering place fosters 
a sense of collaboration and familiarity between them all — 
something rare for a neighborhood like this one. “Putting up 
food,” Novella offers, “is at its heart, an optimistic thing. It’s a 
bold way to say: I will be sticking around.”

With a thriving community garden springing up next 
door and a humming hive of bees hanging off her porch, Car-
penter is ready for a new challenge. In rapid succession she 
catalogue-orders half a dozen chickens, turkeys, and ducks, 

adopts a trustafarian friend’s lit-
ter of rabbits, and then bids on 
two piglets at a local 4H auction 
(whose bottomless stomachs she 
fills with Chinese, Italian, Mexi-
can, Fusion, and American refuse 
procured from the finest dump-
sters around). Ultimately, she 
challenges herself to a month liv-
ing only off the fruits of her land: 
a 100-yard diet. In the ultimate 
foray into locavorism, Carpenter 
discovers the benefits and limi-
tations of a small-scale, sustain-
able food system, but mostly just 
misses carbs. 

Farm City is a witty and charm-
ing memoir that makes a greater 
statement about our food systems. 
Whether you are a regular at the 
farmer’s market, the nursery, or 
a Walmart, there is something to 
be learned from Novella Carpen-
ter’s unique perspectives on food, 
growing, killing, and eating. Medi-
tating on her extreme experiment, 
she writes “The production of 
food is a beautiful process. Germi-

nation, growth, tending, the harvest—every step a miracle, a 
dialogue with life. But after the 100-yard diet was over, shar-
ing became the main point for me. I could have hoarded all 
the food myself—processed the tomatoes into cans and pick-
led the cucumbers. I would have had a groaning cupboard of 
homegrown food. But then I would have eaten alone.”
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multiple hospital visits may be especially onerous and even 
financially costly for a woman on Medicaid, and she may be 
disincentivized from completing the 30-day process of con-
sent and sterilization.2 Changing the Medicaid sterilization 
policy and potentially preventing 29,000 unintended preg-
nancies per year would undoubtedly be an important step in 
addressing both the individual and national costs associated 
with this cause.

THE TWO-TIERED SYSTEM OF ACCESS

Arguably, the most compelling ethical issue in this debate 
is the inherently unequal access to sterilization that 

arises when regulations such as the 30-day mandatory wait-
ing period apply only to certain groups — in this case, women 
on Medicaid. While these 
policies were put in place to 
protect vulnerable women, 
they are now oppressing 
this same group. Low-
income women do not have 
the same access to ster-
ilization as high-income 
women, and being African-
American is actually a risk 
factor for having an unfulfilled sterilization request.4,5 The 
American Journal of Obstetrics and Gynecology has recom-
mended that the Medicaid sterilization policy be changed, 
as they also highlight this unequal access across race and 
class.5 The American College of Obstetricians and Gynecolo-
gists published a similar opinion, detailing the concern about 
“unfair differences” in access based on a woman’s insurance.6

If these reproduction experts have found issue with the 
waiting period, why is the government lagging behind? Is it 
due to a lingering worry about sterilization abuse, or, instead, 
due to the government trying to regulate women’s choice? A 
remaining fear of sterilization abuse would be valid, especially 
after recent stories of tubal ligation of prisoners in California, 

when the consent forms are at too high of a reading level, this 
goal is not achieved, regardless of waiting time.

For women on Medicaid, being forced to wait 30 days 
between consent and sterilization is more than an inconve-
nience — it can lead to unjust stress, unequal treatment, and 
even unintended pregnancy. Many women prefer to undergo 
tubal ligation directly after labor or a caesarean birth.2 In 
fact, approximately 50% of all sterilizations are post-partum, 
which is the most convenient time for both the physician and 
the patient.5,6 The 30-day mandatory waiting period compli-
cates the ease of the post-partum option; if a woman on Med-
icaid learns about the opportunity of sterilization too late in 
her pregnancy or delivers earlier than planned, she is conse-
quently denied her desired form of contraception.2 Medicaid 
further complicates the matter because its pregnancy-related 

coverage expires soon after 
a woman gives birth.4 This 
leads to a gap in contracep-
tion coverage that has visible 
consequences. Some esti-
mates place 47% of women 
who unsuccessfully request 
sterilization post-delivery 
as having become preg-
nant within a year of said 

request.4 This is twice the rate of pregnancies among women 
who never even expressed an interest in sterilization.4 Fur-
thermore, over 50% of incomplete sterilization requests are 
from Medicaid patients.2 These statistics clearly show that the 
demand for sterilization procedures is not being met, espe-
cially for women on Medicaid, and the mandatory waiting 
period plays a large role in this.

THE ECONOMICS OF STERILIZATION

There are also financial consequences for both the indi-
vidual woman and the public due to this unmet demand 

for sterilizations. Based on one model, removal of Medicaid 
barriers to sterilization would prevent 29,000 unintended 
pregnancies and save the government $215 million annually.2 
The U.S. currently has a higher rate of unintended pregnan-
cies than most other high-income countries; nearly half of the 
pregnancies in the U.S. are unplanned.5,7 It is also crucial to 
note the individual costs that are associated with pregnancy. 
For low-income women on Medicaid, an unintended preg-
nancy can be disproportionately burdensome. With regards 
to the mandatory waiting period, taking extra time for 

“...the two-tiered system of access 
has no place in modern society and, 
ultimately, does not achieve its goal 
of increasing reproductive rights...”

EDITORIAL

Women Who Wait
Examining Medicaid’s Outdated Sterilization Policy
Sara Banbury

THE HISTORY OF STERILIZATION IN THE  
United States reads as a history of the prejudice of 
eugenics, a history of women as unknowing or unwill-

ing victims, and a history of classism, racism, and ableism. 
During the 20th century, many women were denied the right 
of reproductive choice through either involuntary steriliza-
tion via the eugenics program or, paradoxically, denial of 
voluntary sterilization.2  This abusive history, which dispro-
portionately affected low-income and minority women, has 
informed current policies on sterilization waiting periods, 
and the regulations governing sterilization today have not 
been updated since the eugenics outrage in 1978.2 

Throughout the 1900s, over 60,000 women in the U.S. 
were coerced into sterilization.3 After years of state and 
institutional abuse of these mostly low-income and minor-
ity women, the government 
responded with regulations 
for federally funded (Medic-
aid) sterilizations.2 In 1976, 
a mandatory 72-hour wait-
ing period was instituted 
between the time of written 
consent and the actual steril-
ization procedure.2 The wait-
ing period was then extended 
to 30 days in 1978.2 This policy was expressly intended to be 
protective and to ensure that women had given informed 
consent.2 However, the waiting period, as well as the high 
reading level of the consent forms, have proven to be a signifi-
cant burden for low-income women seeking sterilization as a 
form of contraception.2 Current Medicaid sterilization policy 
restricts a woman’s right to choose and imparts unnecessary 
financial strains on her, which leads to a two-tiered system of 
access for women based on income and, in effect, harms the 
same group that the regulations were originally intended to 
protect.

THE RIGHT TO CHOOSE

The 30-day waiting period for women on Medicaid seek-
ing sterilization has failed to strengthen female repro-

ductive autonomy and has, instead, perpetuated the long 
standing limitations that restrict a woman’s right to choose. 
In addition, the high reading level required to understand the 
consent forms leads to widespread misunderstanding of the 
permanent consequences of sterilization.2 In one study, 34% 
of women incorrectly answered a question about the perma-
nence of sterilization after reading the current consent form.2 
The waiting period is supposed to prevent miscommunica-
tion or misunderstanding of the sterilization procedure, but 
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but maintaining outdated regulations that harm far more 
women than they protect is not the correct method by which 
to prevent abuse.6 

LOOKING FORWARD

The way to correct the problems with the current Med-
icaid sterilization policy, while also preventing abuse, 

is to shorten or eliminate the 30-day waiting period, lower 
the reading level required of consent forms, and ensure that 
healthcare providers acknowledge and understand the his-
tory of sterilization abuse. The decision to sterilize should be 
made as a result of a discussion between a woman and her 
physician. The physician should provide her with information 
on all of her options for contraception, including long-acting 

reversible contraception, 
which can provide similar 
outcomes to sterilization 
without its permanence. A 
woman on private insur-
ance can receive steriliza-
tion as soon as she gives 
informed consent, and this 
same level of access should 
apply to women on Med-

icaid.2 Although the Medicaid waiting period came from an 
intent to put power back into the hands of women who had 
undergone a long history of sterilization abuse, the current 
two-tiered system of access has no place in modern society 
and, ultimately, does not achieve its goal of increasing repro-
ductive rights for low-income women. The 30-day waiting 
period has remained unchanged for over 30 years.2 It must 
be updated to reflect the current society and ensure that all 
women, regardless of income status, have the right to access 
the reproductive healthcare of their choice.

Image Source: jezebel.com

“Current Medicaid sterilization 
policy restricts a woman’s right to 
choose and imparts unnecessary 

financial strains on her...”
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about which specific foods they will or will not consume.4 
Furthermore, researchers predict that orthorexic tenden-
cies may be a “risk factor for future eating disorders.”4 These 
researchers emphasize that orthorexia is not a disorder sepa-
rate from those that are established, but they do acknowledge 
that orthorexia is a serious problem for those who experience 
it. Borgida (2011) asserts that those affected should seek help 
from a “mental health practitioner” and “registered dietician.”3

Clearly, the debate over whether orthorexia is its own dis-
order is complex. However, on both sides of this conversa-
tion, research surrounding orthorexia is often inconclusive 
and results are strikingly mixed. Haman et al. (2015) inves-
tigated some of the disparate research results and concluded 
that inconsistencies were due mostly to the use of different 
orthorexia measurements as well as the variety of backgrounds 
in the participants.2 As a prime example, an orthorexia study 
done in Italy found the prevalence of orthorexia to be 6.9% 
among various surveyed people, but that the prevalence 
was a startling 86% among yoga practitioners.2 Athletes also 
consistently score higher on orthorexia measurements than 
non-athletes.2 This would seem to suggest that instruments 
used to measure orthorexia evaluate specific behaviors that 
vary by cultural context, rather than “unhealthy” behaviors. 
Yoga practitioners and athletes are far more likely to consider 
healthful eating as part of their practice—this does not mean, 
of course, that all yogis and athletes have eating disorders.6 
Studies also find inconclusive results regarding the gender 
distribution of orthorexia. Ramacciotti et al. (2011) used two 
different orthorexia measurements, and found prevalence 
rates of 57% and 21%; two obviously different results.7 Thus, 
due to differing research techniques and tools, much of the 
research surrounding orthorexia prevalence  in the popula-
tion has produced a vast range of results. This suggests that 
all results, whether in support of or counter to the claim that 
orthorexia is its own disorder, must be interpreted with the 
utmost caution.

Overall, the research on orthorexia has a long way to go 
before claims can be made about whether it should be consid-
ered its own disorder in the DSM-5 or whether orthorexia is a 
subtype of another diagnosis, like anorexia or OCD. There is 
evidence that orthorexia is dissimilar enough to other disor-
ders that it requires its own category, and yet, the similarities 
to other eating disorders are hard to ignore. Unquestionably, 
the behaviors that present as orthorexia merit attention in 
research, practice, and in their own right as valid. Still, it is 
necessary to ask what is gained and what is lost from official 
diagnostic categorization. With an official diagnosis, a patient 
can then receive state-supported healthcare and insurance 
coverage for services. A diagnosis also accords a patient a cer-
tain level of validity and can cause a person also to self-label. 
This may be accompanied by stigma, both at the individual 
and at the institutional level, as stigma affects many who bear 
a psychiatric diagnosis. Clearly, the effects of diagnosis are 
mixed, and all implications must be weighed while some pur-
sue establishing orthorexia as a unique diagnostic category.

a “self-imposed diet” as just a few criteria for the supposed 
diagnosis.5 Some researchers argue that anorexia and bulimia 
are enacted in a “quantitative manner” in that those affected 
are primarily concerned with the quantity of food consumed, 
whereas orthorexia is enacted in a “qualitative manner,” 
wherein those affected are concerned less with amounts and 
calories than with type of food.5 For example, the typical per-

son with anorexia might 
fixate on eating fewer 
than 800 calories daily, 
whereas a typical per-
son with orthorexia may 
fixate on only ingesting 
“clean” fruits and veg-
etables, regardless of 
caloric intake. Catego-
rization supporters also 
emphasize the harm-
ful health impacts of 
an orthorexic lifestyle. 
Resorting to a strict diet 
may result in nutritional 
deficiencies and may 
even impact a person’s 
children, who may be 
prone to picking up ten-
dencies associated with 

orthorexia from their parents.5 The question, evidently, is 
not whether these tendencies are harmful, since they clearly 
lead to a lower quality of life, but whether orthorexia is truly 
a separate entity from previously defined eating disorders.2

Many researchers counter this argument with the idea 
that orthorexia is simply a subtype of anorexia or that it may 
be a subtype of Obsessive Compulsive Disorder (OCD).2 Evi-
dence for this perspective rests in the fact that orthorexia has 
many overlapping characteristics with anorexia and OCD. 
For example, one key feature of anorexia is the presence of 
starvation; likewise, those with orthorexia frequently prefer 
starvation over eating foods that they deem ‘impure.’4 Simi-
larly, both orthorexia and anorexia are highly comorbid with 
(occur with) phobias, depression, or social anxiety.3 Others 
point out that Bratman’s idea that orthorexia is a “qualitative” 
disorder while anorexia and other eating disorders are “quan-
titative” is not supported by evidence; rather, many with tra-
ditionally established eating disorders like anorexia have rules 

EDITORIAL

Orthorexia
An Emerging Eating Disorder?
Anna Ellis

ORTHOREXIA IS A TERM INCREASINGLY       
used to describe the food-conscious, from fitness 
instructors to yoga masters, whose healthful eating 

habits are suspected to be so extreme as to be designated “dis-
ordered.” Take Freelee the Banana Girl, for example, an Inter-
net popularity who is known for eating dozens of bananas 
(and not much else) every day—many call her “orthorexic.”1 
As a matter of fact, the 
term was coined in the 
early 1990s by Bratman, 
who defines orthorexia 
as a “fixation on eat-
ing healthy food” and 
emphasizes its singu-
larity as an eating dis-
order.2 And while there 
are three major eating 
disorders currently rec-
ognized by the Fifth 
Diagnostic and Statisti-
cal Manual (DSM-5), 
orthorexia is not among 
them.3 Though there 
are many differences 
that separate it from 
the established eating 
disorders of anorexia 
nervosa, bulimia nervosa, and binge eating disorder, there 
are also many similarities, which purportedly prevent it from 
receiving its own recognition.4 There are three primary view-
points to the debate currently surrounding orthorexia: those 
who believe it should qualify as an eating disorder in its own 
right, those who believe it is a subdivision of existing eating 
disorders, and those who suggest it is only a precursor to 
more severe forms of eating disorder. Nevertheless, across the 
board, research is sparse and inconsistent about orthorexia. 
The following article will examine each of the aforementioned 
perspectives, given that orthorexia is one of several contested 
eating disorders that are currently under heated debate.

Proponents of categorizing orthorexia as an eating disor-
der have already designed many criteria and characteristics 
for the concept, as if it were already a diagnosis. As noted, 
orthorexia is not recognized by the DSM-5, so the follow-
ing “diagnostic criteria” have limited credibility, in that they 
may help to form a biased image of a candidate for the condi-
tion. Chaki et al. (2013) lists spending three or more hours 
daily thinking about or preparing healthy food, following a 
rigid regimen of eating habits, and attaching self-esteem to 
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NEWS BRIEF
The Risk of Calcium Supplements
Mohamad Hamze

ORAL CALCIUM SUPPLEMENTS ARE POPULAR 
among American adults who seek to reduce 

their risk of osteoporosis; however, new studies from 
researchers at Johns Hopkins Medicine have found a 
positive correlation between calcium supplement use 
and long-term risk of atherosclerosis development. In 
a study involving adults of ages 45 to 81, participants’ 
calcium intakes and their sources of this mineral were 
studied over the course of 10 years. Results of the 
study were analyzed, and they were found to show 
an association between dependence on oral calcium 
supplements as a person’s main source of calcium and 
arterial plaque buildup. This discovered association 
was in comparison to individuals who relied mainly 
on dietary sources of calcium, whose risks for devel-
oping coronary artery disease was 22 percent lower 
than their supplement-reliant counterparts. 

Individuals in the study who showed the high-
est daily intake of dietary calcium, at just over 1,000 
milligrams per day, exhibited markedly less coronary 
plaque buildup over the ten-year observation than 
did those with similar total calcium intake – but the 
majority of this intake having been sourced from oral 
supplements. The distinction between the effects of 
supplementary and dietary calcium has multiple pro-
posed sources. The main suggestion is that the inabil-
ity of the body to sufficiently process calcium in large 
doses has impacted this association. This surmised 
inability to properly break down the supplement, allo-
cate the calcium to bones, and remove excess via urine 
could result in this noted observation of increased 
calcium-based plaques present in the arteries of study 
participants dependent on supplements.

On par with this study’s results, it seems one should 
try and meet calcium guidelines through dietary cal-
cium alone, a lifestyle habit that appears to protect 
against both coronary artery disease and osteopo-
rosis. Along these lines, researchers encourage indi-
viduals to consult their physicians before starting any 
supplement. This will help them best decide whether 
or not supplements would be an appropriate way to 
obtain a vitamin or mineral, as opposed to through 
dietary sources alone, on a case-by-case basis.
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or arbitrarily excluded by the current mindset that 
suggests “‘If you can’t get an A-minus in organic 
chemistry, you’re not going to be a doctor.”1 The 
students who are ‘desperately need[ed]’ are those 
who are most passionate and dedicated to serv-
ing patients, in addition to minority students, free 
thinkers, and those majoring in nontraditional 
pre-med subjects who have unique perspectives.

Mount Sinai’s pilot program has shown that 
“Students who major in the humanities as college 
students perform just as well, if not better, than 
their peers with science backgrounds during med-
ical school and in residency.”6 Their retrospective 
study, combined with other studies, consistently 
demonstrates that what humanities majors may 
lack in their classes early on, they recieve through 
clinical clerkships and patient interactions.6

On the other hand, many question why pre-
med students have general undergraduate gradu-
ation requirements to complete, including the language, writ-
ing, and distribution requirements in all disciplines that are 
the essence of an undergraduate liberal arts education model. 
There are basic skills and experiences that all liberal arts grad-
uates must obtain. 

If society is to ask itself the purpose of a liberal arts educa-
tion in preparing future doctors, then it must ask the practical 
function of the humanities to a physician’s career. As Mount 
Sinai’s Dr. Muller once wrote on the whiteboard of his office,  
“Science is the foundation of an excellent medical education, 
but a well-rounded humanist is best suited to make the most 
of that education.”1 The classical definition of a doctor is a 
scientist who translates hard scientific evidence from estab-
lished, accepted research into the most effective methods of 
diagnosis and treatment of disease.1 These treatments  typi-
cally involve surgery or medication. However, the reality of a 
physician’s role and responsibility is broader and more inter-
disciplinary. Physicians do not practice in a vacuum. This  
therefore notion  contributes to a flawed model of healthcare 
delivery.

For the field of medicine to move forward, new ideas 
must be communicated in a distinguished, cogent, and com-
prehensive manner. As such, an important part of the role of 
any physician in research is drafting papers for publication. 
Medicine does not escape the written word. In fact, within 
the pharmaceutical and healthcare communication markets, 
there is an increasing demand for strong medical writing, 
including reports for submission for federal regulatory agency 
approval.2 Educated specialists are also needed to draft up 
medical textbooks, Continued Medical Education resources, 
news articles, and content for healthcare websites.2 Healthcare 
practitioners are also needed in public health, global health, 
hospital administration, and health policy work.2 

Perhaps even more importantly, the future of medicine 
depends on the ability of doctors to become teachers. They 
must train their students to become independent and compe-
tent physicians in the future. They must publish and dissemi-
nate their work to the medical community. They must run 
medical schools and training programs. In their day-to-day 

physics, organic chemistry, and biochemistry courses are not 
necessarily essential to medical school curricula.1 Because 
medical schools are aware that incoming students come with 
different degrees of prior exposure to medical science, most 
relevant background information will be retaught in medical 
school. In this way, medical schools will be able to present all 
new information in the specific context of medicine, as they 
choose to emphasize it.

The apparent consensus among medical educators is that 
future physicians need to be strong scientists, since medicine 
is built upon scientific exploration, as well as  the best modern 
knowledge and technology. For this reason, the pre-medical 
requirements— hard sciences— have always been considered 
vital preparation for pre-med students, and they have been 
evidence to medical school admissions officers of a capacity 

to reason through the science 
that forms medicine’s core. 
However, historically, aspir-
ing doctors have overwhelm-
ingly either majored in one 
of these fields or opted for 
the pre-medical major, if it 
was offered.1 This perception, 
that there is just one defined 

path to medicine, has created an overwhemling single-mind-
edness within the field.1 At Harvard Medical School in the 
1920s, Dr. Francis Peabody observed, “young graduates have 
been taught a great deal about the mechanism of disease, but 
very little about the practice of medicine, or, to put it more 
bluntly, they are too ‘scientific’ and do not know how to take 
care of patients.”6 Too much emphasis on the natural sciences 
threatened to make students inflexible, unable to develop 
innovative, interdisciplinary solutions.8 

In 1987, this unfortunate phenomenon led Dr. Nathan 
Kase, the Dean of Medical Education at Mount Sinai, to cre-
ate an early admission program called Humanities and Medi-
cine (HuMed) for sophomores from select liberal arts colleges 
who majored in the humanities; applicants would not have 
to take the MCAT exam or complete their pre-med course 
requirements.1 The hope behind HuMed is that its students 
focus on humanities during their undergraduate years.1 Tak-
ing away the pressure to get good grades is intended to foster 
curiosity and improve not only learning, but also attitudes 
towards learning.1

While a total rehaul of the accepted pre-med curricula is 
not soon to come, programs like HuMed are necessary. Dr. 
Muller explains that it provides a channel for those who “we 
desperately need” in the medical field who may be unfairly 

“This perception, that there is just 
one defined path to medicine, has 
created an overwhelming single-

mindedness within the field.”

EDITORIAL

Challenging Traditional Medical Education
Danielle Burton

WESLEYAN UNIVERSITY PRESIDENT MICH-
ael S. Roth wrote, “...a deep American tradition of 
humanistic education...has been integral to our 

success as a nation and...has enriched the lives of generations 
of students by enhancing their capacities for shaping them-
selves and reinventing the world they will inhabit.”8

However, this idealist vision of a liberal arts education 
does not necessarily matter to every pre-med student, or 
even to every medical school admissions officer.6 In the harsh 
competition of medical school admissions, some argue that a 
liberal arts major, rather than the traditional science major, 
stands out among a huge field of applicants by representing 
unique viewpoints and skills. Some warn against overworking 
oneself and suggest majoring in something as diametrically 
opposed to medicine as possible, such as art history, a for-
eign language, or music, in 
order to make college more 
enjoyable, in spite of the 
pre-med classes that must 
be sloughed through. These 
other subjects are worth 
studying for their intrinsic 
value alone, independent 
of any skills or lessons they 
may contribute to future career development. Still, others 
believe medical school admissions officers look most kindly 
upon dedicated, gifted scientists who spend their undergrad-
uate years in direct preparation for medical school. 

So, what is truly best for each student? Medical schools 
do not state that any major will confer an advantage in the 
admissions process. Instead, they urge applicants to follow 
the paths of study in which they feel most challenged and 
through which their passions are fulfilled. The liberal arts 
are intended to guide students to discover their purpose in 
pursuing a career and their own path to such a future.8 Most 
medical schools admit a diverse background of majors in 
order to maintain a diverse future generation of doctors with 
the predisposition to collaborate with one another and value 
each other’s different backgrounds. According to the Associa-
tion of American Medical Colleges, of 20,631 students enter-
ing United States medical schools in the fall of 2015, 1,073 
were humanities majors, while 2,277 studied social sciences.9 
What is the true value of a wide-reaching breadth of knowl-
edge and skills to future generations of doctors? 

The premise that hard science classes prepare or qualify 
students for medical school should be directly challenged. 
The dean of medical education at the Icahn School of Medi-
cine at Mount Sinai, Dr. David Muller, criticized the pre-med 
course requirements for being outdated: “The science for 1910 
is only nominally relevant today; yet that’s the filter through 
which everyone has to come.”1 Thus, biology, chemistry, 
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practice, physicians must explain medical conditions, 
research, procedures, and treatment plans to their patients. 
Furthermore, doctors must understand the history of medi-
cine itself, which has led to modern innovations and theories. 
Cognizance of how theories came about, how they were sup-
ported, debated, and ultimately accepted or disproven, both 
raises philosophical questions and drives the advancement 
of medicine.3 This process requires skepticism and doubt. 
Michael Roth’s book argues that inquiry comes about through 
the “tradition” of “thinking for oneself and contributing to 
society by unleashing one’s creative potential.”8

The traditional concept of a liberal arts education is about 
career preparedness through broad learning and eye-opening 
experiences. For example, the guiding principles cited in Tufts 
University’s mission statement include “educating a citizenry 
prepared to address societal challenges.”5 Personal develop-
ment through reflection is also an intrinsic part of the univer-
sity’s stance on professional development, which states that 
“Transformative experiences within Arts and Sciences posi-
tively change the lives of our students as they learn to balance 
what they have learned with what they want to do and who 
they want to be.”5 Further pillars of a liberal arts education 
include “Collaboration and partnerships across disciplines, 
within and outside Tufts University...to leverage the School’s 
strengths. Diversity and inclusion are inherent strengths and 
necessary for excellence, not problems to be resolved.”5

This philosophical, liberal attitude that values educa-
tion and the free exchange of ideas can create more aware, 
adaptive,  and empathetic practitioners, but only with con-
certed effort to apply  this mindset directly to their practice. 
Dr. Charlotte Blease of the Centre for Medical Humanities at 
the University of Leeds warns of “insidious consequences of 
placing the humanities on a lofty pedestal, where they can be 
admired but do no heavy lifting, where they are above the 
workmanship of application.”3 Interdisciplinary connec-
tions must be made to push students to apply the practices 
of questioning and philosophizing to issues in medicine, 
specifically. The humanities should not be studied simply in 
order to enjoy fine writing and creativity but to develop open, 
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sociology, psychology, and even mention public health and 
policy.6

According to the American Medical Association, the 
future of medical education includes “new content of health 
systems science,” a field that prepares doctors to interact with 
the systems of which they are part.7 The topic has been added 
because, “Physicians need to learn how to advocate for their 
patients and communities and understand the socio-ecologi-
cal determinants of health, health care policy and health care 
economics.”7

So what should you major in, pre-meds? Thomas Jefferson 
founded the University of Virginia upon a revolutionary idea: 
the defined and restricted course selection based on one’s 
determined career path. He said, quoted in Michael Roth, 
“I am not fully informed of the practices at Harvard, though 
there is one from which we shall certainly vary,” acknowledg-
ing that he was willing to break from the norm in a radical 

way.8 President Jefferson felt that 
for truly open, liberal education, 
students must be allowed to make 
discoveries outside of their beaten 
paths, outside of the career plans 
that may have been decided by the 
history in their families and not by 
their own passions and personal 
talents.8 Students must have the 
freedom to change their career 
paths, if they so choose, and thus 
this university, “was to be a place 
where one discovered and culti-
vated one’s independence.”8 His 
model was exclusive to white men, 
yet his words instruct pre-med 

students to go out and study whatever confirms their desire 
to be doctors, whatever makes them more open-minded, free 
thinkers, and whatever interests them most.

When students have interpersonal skills and are both 
open-minded and adaptable, they are able to take on what-
ever the practice of healthcare may demand. To be a doctor is 
to be a lawyer, arguing for the best treatment plan or diagno-
sis. To be a doctor is to be a voter, advocating for health policy 
that improves the lives and health outcomes of one’s patients. 
To be a doctor is to be a translator when interacting with non-
English-speaking colleagues and patients. To be a doctor is to 
be a social worker, dealing with a patient’s insurance and urg-
ing the family to be a strong support system. And, finally, to 
be a doctor is to be a teacher and lifelong student, who attends 
medical conferences and both publishes and reads academic 
journals. Therefore, physicians are interviewers, scientists, 
writers, bosses, detectives, and caretakers. 

Medicine absolutely demands a range of skills that draw 
on the liberal arts. To push medical science forward, it will 
take a village and it will take all kinds. Mount Sinai’s Dr. Muller 
asserts, “People who look at the same problems through dif-
ferent lenses will make us better in the long run.”1

curious minds that can be used in practice. Dr. Blease argues 
that openly acknowledging the practical value of liberal arts 
reveals “important, promising opportunities for justifying its 
continued presence within medical curricula...for intellectual 
humility in self-criticism and refinement of these goals.” In 
healthcare, there must be frequent refocusing on the patient, 
whose well-being should be the purpose of all efforts. This 
can be aided by including the study of the liberal arts.3 Stu-
dents tend to avoid classes they presume will be difficult or 
unpleasant, yet they should, instead, seek to address their 
weaknesses in these areas and take at least one class in a field 
or area of  “educational deficiency.”4

Each field’s contribution to a full medical education that 
prepares healthcare providers to better serve patients has been 
studied. Thus, merits and purposes of each field are directly 
demonstrated. Physicians must explain diagnoses, possible 
treatments, and prognoses clearly, to offer effective arguments 
in favor of their recommended 
treatment plans. Communication 
is also fundamentally important 
in terms of listening to the patient 
as well as interpreting and relay-
ing information back to them. 
The humanities illuminate poten-
tial prejudices and make doctors 
increasingly sensitive to differ-
ences in belief, culture, and iden-
tity. Such emotional intelligence 
enables them to form trusting 
doctor-patient relationships, make 
difficult ethical decisions, and 
better bear difficult responsibili-
ties and tragic outcomes.4 Finally, 
doctors need an understanding of the social sciences in order 
to be aware of the political and organizational structures in 
addition to the global social forces that affect their patients, 
including privilege and abuse.4 The social sciences are a field 
that has already gained a great deal of credibility within medi-
cal education. As of 2015, the MCAT  has added content from 
the fields of sociology and psychology.4 The fourth traditional 
field of liberal arts is the natural sciences, in which medicine 
roots its curricula.4 All these areas of academia would equip 
physicians with a better sense of their values and their func-
tion within society.

The medical education model is adapting to meet the new 
demand of the healthcare system. There has been a large effort 
to move away from the lecture model of learning and towards 
an experiential model focused on developing familiarity with 
online charts and patient interaction, measured with compe-
tency benchmarks.7 As medical advancements are constantly 
being made and accepted, doctors must be adaptive learners 
ready to integrate new methods and ideas into their prac-
tice. Furthermore, there is a trend toward developing future 
leaders who will lead collaborative teams to work on cases 
together to be powerful patient advocates.7 The focus on a 
competitive atmosphere is being phased out in favor of team-
based collaboration, just as organic chemistry and calculus 
are being phased out of the MCAT to usher in biochemistry, 

“When students have    
interpersonal skills and 
are both open-minded 
and adaptable, they are 
able to take on whatever 

the practice of healthcare 
may demand.”
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His description clearly matches what microbiologists now 
know as plaques.6 D’Hérelle noticed the same plaques in cul-
tures grown from the stool samples collected from people 
with dysentery, so he began following dysentery patients 
admitted to the hospital where he was employed.7 He cultured 
their stool samples every day from admission to discharge 
and noted that the plaques were initially absent, but appeared 
in cultures on the same day that the patients began showing 
signs of recovery.7

The bactericidal action of phages was noted long before 
d’Hérelle and Twort surmised that a virus must be respon-
sible. One literature review by Abedon et al. found thirty 

references to bactericidal activity 
in papers authored between 1895 
and 1917.8 While the authors did 
not know this at the time, Abedon 
et al. concluded that their obser-
vations were very likely evidence 
of phage activity.8 The earliest of 
the mentioned papers, by Ernest 
Hankin, describes how water taken 
from the Ganges and Jumna Riv-
ers in India had curative properties 
for people with cholera.9 d’Hérelle 
credits these findings to phages in 
stating that “To [his] mind there is 
no doubt that this antiseptic action 

ought in reality to be assigned to the bacteriophage”.10 At least 
seven other publications reviewed by Abedon et al. specifi-
cally attribute Hankin’s observations to phages.8

PHAGE PREVALENCE

Phages are perhaps the most diverse biological entity on 
Earth.11 They can be found in a myriad of ecosystems 

and environments, and there are an estimated 1031 differ-
ent phage particles present on Earth.12,13 One extensive study 
found that the concentration of phages could exceed 108 per 
mL in some bodies of seawater.14 Another study showed that 
T4-like phages (Escherichia coli–targeting phages) were pres-
ent in the stool of 29% of pediatric patients suffering from 
E. coli–related enteritis; Furuse found that percentage to be 
considerably higher among adults suffering from traveler’s 
diarrhea.15,16 Both of these studies measured phage abun-
dance by counting plaques in cultured agar. The disadvan-
tage of this method is that it does not account for phages that 
do not thrive outside of the enteral canal.15.16 To account for 

“The western world is 
now trying to make up 

for lost time ... there have 
been a number of small 

phage therapy trials with 
promising results.”

SCIENCE REPORT

An Answer to Antibiotic Resistance?
Phage Therapy in the United States
Sean McMullen

ONE OF THE MOST PRESSING ISSUES IN CLIN-
ical science today is the omnipresent threat of anti-
biotic resistance. The World Health Organization 

has described it as “a problem so serious that it threatens 
the achievements of modern medicine” and has warned of 
the possibility of “a post-antibiotic era” in this century.1 In 
response, many researchers are turning to bacteriophages—
viruses that specifically target and kill bacteria. Although 
bacteriophage therapy was once a large focus of medi-
cal research, it was largely forgotten, except in a handful of 
European nations, after the discovery of antibiotics in the 
mid–20th century.1 However, as antibiotics are losing their 
effectiveness, many scientists 
have started looking at the suc-
cesses of these European nations 
and have resumed research on 
bacteriophage therapy.1 Now, 
with the ever-growing specter 
of widespread antibiotic resis-
tance, researchers are rushing to 
explore alternatives to traditional 
antibiotics.1 Bacteriophage ther-
apy is unique in that it is highly 
specific, requires only one small 
dose to be effective, has a very 
minimal risk profile, and has 
fewer side effects than traditional 
antibiotics. In response to the crisis of antibiotic resis-
tance, bacteriophages are once again under the microscope. 
 
“BACTERIA EATERS”

Bacteriophages, or phages, are viruses that specifically tar-
get bacteria.2 Each phage can only infect up to a few spe-

cies of bacteria, making them much more specific than tradi-
tional antibiotics.2 Once a phage infects a bacterium, it repli-
cates within the cell.2 While both lytic and lysogenic phages 
exist, lytic phages are the preferred class for phage therapy.3,4 
Lytic phages lyse, or dissolve the cell membrane, of the bacte-
rial cell after offspring have been reproduced.4 This lysing not 
only kills the bacterial host cell but also releases many newly 
created phages into the local environment.4

Phages were first described by Frederick Twort in 1915 in 
The Lancet.5 The name “bacteriophage,” which literally means 
“bacteria eater,” was coined by Félix d’Hérelle, who indepen-
dently discovered the viruses in 1917.6 D’Hérelle made his 
initial discovery while studying infestations of locusts with 
coccobacilli infections.6 While culturing the pathogenic bac-
teria he noted “clear spots, quite circular, two or three mil-
limeters in diameter, speckling the cultures grown on agar.”6 
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these cases Breitbart et al. used partial shotgun sequencing 
and identified an estimated “1,200 different virotypes in the 
single sample analysed,” the majority of which were bacterio-
phages.17 Furthermore, phages are already used extensively 
for the biocontrol of foodborne pathogens, like Campylo-
bacter spp., Salmonella spp., and Listeria monocytogenes, on 
ready-to-eat meat products during processing, and have been 
since 2006.18,19,20,21 Phages are already present in the food we 
eat, in the water in which we swim, and in our gut microbiota.

PRINCIPLES OF PHAGE THERAPY

Phage therapy is the therapeutic use of phages to treat bac-
terial infections in vivo.22 The premise is simple: a phage 

is chosen that is selective for the causative bacteria and is 
introduced in to the patient’s bloodstream.22 The phages are 
distributed throughout the body via the cardiovascular sys-
tem.22 Once a phage encounters its target bacteria, it infects 
the cell and begins replicating.22 The phages continue replicat-
ing and lysing until no further bacterial hosts can be found, 
at which point the body’s immune response rapidly removes 
them from the bloodstream.22

Twort did not have the tools at his disposal to fully inves-
tigate the plaques he found; he published his observations 
but did not perform much further examination on the topic.5 
Others picked up where he left off and continued to probe 
the potential of phage therapy during the 25 years up to peni-
cillin’s discovery.23 At that time, most western nations aban-
doned phage therapy in favor of chemical antibiotics, which 
could fight a broader spectrum of bacteria.23 Several eastern 
European countries, however, continued to research and uti-
lize phage therapy.23 Phage therapy became and has remained 
standard practice in countries such as Russia, Georgia, and 
Poland.18,24

The western world is now trying to make up for lost time. 
Although research has continued in many eastern nations for 
nearly a century, the majority of phages do not meet Food and 
Drug Administration (FDA) standards for clinical trials.25 

Although the body of evidence is not yet 
extensive or thorough enough to justify 
widespread clinical use, there have been a 
number of small phage therapy trials with 
promising results. The FDA has granted 
“generally recognized as safe” status to 
phages used in vivo and there are a hand-
ful of clinical trials currently underway in 
the United States.18,25,26 The US National 
Institute of Allergy and Infectious Dis-
eases has named phage therapy as one of 
its strategies for responding to antibiotic 
resistance, and the European Union has 
announced that it will be contributing 
roughly $5.2 million to Phagoburn, the 
first large, clinical study of phage therapy 
in humans.24 Phage therapy is drawing 
focus across other medical disciplines, as 
well, namely in the dentistry field which 
is particularly interested in its efficacious 
action against biofilms.27

ADMINISTRATION OF PHAGES

One problem with phages is their large size, relative to 
typical chemical antibiotic molecules.26 However, this 

disadvantage is generally eliminated by giving phages in small 
doses, since they begin replicating upon recognition of tar-
get bacteria, at which point phage numbers increase until the 
bacteria are eliminated.26 While traditional oral and intrave-
nous (IV) antibiotic doses are typically in the range of 10-1 
grams, initial IV doses of phages have been found effective 
as low as in the 10-12 gram range.26 Another issue that arises 
is in the route of administration, since early phage trials uti-
lized intravenous (IV) administration. IV therapy may not 
be a large concern for hospitals in developed nations, but 
for small clinics in developing countries or rural areas, IV 
therapy poses a challenge.28 However, Russian clinicians have 
been successfully administering phages orally, and one recent 
study found that phages could be administered “intranasally, 
topically, orally, subcutaneously and intravenously with only 
minor side effects.”28

Introducing any foreign substance into the human body 
poses an immunological risk, and phages are no excep-
tion. Phage membranes are covered in peptides which have 
been found to activate both the innate and specific immune 
responses, which try to remove the phages.22 There is also a 
documented increase in serum antibody, IgM, and IgG con-
centrations.29 This sort of response is to be expected after expo-
sure to a foreign substance and no study has yet found serious 
side effects to the introduction of phages into humans.22,28,29,30,31 
Healthy humans are able to clear phages quite quickly, and no 
residual effects have been observed.2 Studies have also dem-
onstrated that neither phages nor the byproducts of bacterial 
lysis overstimulate the human immune system.32

RISKS OF PHAGE THERAPY

The risks of phage therapy are fairly minimal, especially 
compared to many of the currently accepted treatments 

Bacteriophage
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for bacteria in the blood. However, there still exist a num-
ber of risks, many of which are not from the phages them-
selves but rather from related or concurrent processes.33 Since 
current biotechnology does not support the manufacture of 
viruses, phages must instead be found, isolated, and ampli-
fied.33 Naturally, one would expect to find phages in environ-
ments that are rich with their host cells — bacteria. Phages 
are often isolated from sewage, bodies of standing water, and 
soil.33 These settings obviously contain a multitude of micro-
organisms and inorganic matter that are harmful to humans. 
Therefore, diligence is essential when purifying phage isolates 
to ensure that none of this unintended matter is present in 
the final phage culture at 
levels that pose a threat to 
human health.33 Fortunately, 
this obstacle has thus far 
been overcome with ease by 
the laboratories involved in 
clinical phage production.34

Another risk in phage 
therapy is septic shock asso-
ciated with massive, rapid killing of bacterial cells.35 This 
same risk is often observed when administering large doses 
of potent, IV antibiotics.35 As a bacterial cell lyses, it releases 
endotoxins and, depending on the bacterium, exotoxins.36 
These can cause a massive immune response that can lead to 
septic shock and even death.36 The best prevention for septic 
shock is to diagnose and treat the infection early with sup-
portive care treatment; the more bacteria that are present, the 
worse the subsequent endotoxic shock will be.36,37,38,39,40

BENEFITS OF PHAGE THERAPY

The benefits of phage therapy are numerous. Perhaps the 
most attractive benefit in today’s medical setting is that 

phages might offer a solution to antibiotic resistance.41 The 
FDA has publicly stated that phages “are highly specific, they 
work where alternatives have failed, are self-dosing, can be 
highly purified, and are generally non-toxic.”41 A recent proof-
of-concept experiment by Vandersteegen et al. demonstrated 
that two newly isolated phages had bactericidal action against 
roughly 70% of Staphylococcus aureus bacteria tested, as well 
as the ability to degrade biofilms.42 It is true that bacteria can 
develop resistance to viruses; however, several strategies have 
been suggested that address this problem. One approach is to 
use lysogenic phages in tandem with antibiotics.43 As Reyes 
et al. proposed, “an example is a phage that inhibits a DNA 
damage repair system … thus rendering the host bacterium 
exquisitely sensitive to quinolone class antibiotics.”43 Another 
approach is to use lysogenic phages to introduce resiliency 
genes in to existing microbiota.43 By developing a stronger 
community of mutualistic bacteria, the human host is less 
susceptible to pathogenic, opportunistic bacteria.43 An obvi-
ous risk to this approach is the possibility of making nor-
mal flora so resilient that they become pathogenic, which is 
why this technique is unlikely to be used in standard cases.43 
Another approach is to use phage cocktails to ensure broader 
action — this is the approach most commonly used today.28 
As explained earlier, phages are arguably the most diverse 
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biological entities on the planet; it is still possible, though, 
that bacteria could eventually become resistant to current 
phages.44 Unlike antibiotics, phages are in the unique position 
to be able to mutate in order to regain their ability to infect 
target bacteria.44 Numerous researchers have demonstrated 
the ability of phages to mutate in order to infect previously 
resistant bacteria.44 Some virologists have even described the 
natural reservoirs of phages as “inexhaustible”, observing that 
“no two identical phages have ever been found.”24

Yet another benefit of phage therapy is the lack of disrup-
tion of normal flora in the human body.15,28,30,46,47 Since phages 
are specific to a few species of bacteria, they are able to kill 

their target cell without kill-
ing other bacteria that may 
be a part of the human host’s 
normal flora.48 This results 
in fewer opportunistic infec-
tions and has been cited by 
many medical providers as 
one of the most enticing 
aspects of phage therapy.48

Finally, phage therapy offers an ease in dosages, since ini-
tial doses can be much smaller than those of antibiotics.45 As 
long as the phages in the first dose can find their target bac-
teria and begin replicating before the immune system clears 
them, no more doses are needed.45 Phage concentration will 
increase until all bacteria are killed.45 This single-dose therapy 
stand in contrast to oral antibiotics, which often require sev-
eral doses over the course of several days or weeks.45 Patients’ 
noncompliance in completing antibiotic regimens has led to 
much of the antibiotic resistance seen today; by administer-
ing phage therapy in a single dose, the issue of patient non-
compliance can be practically eliminated.45

THE FUTURE OF PHAGE THERAPY

The burning topic now is the direction phage therapy will 
take in the future. Its potential has been demonstrated 

and reiterated, though several roadblocks remain. Phar-
maceutical companies may be hesitant to invest money in 
phage cocktails, which include a mixture of phages of mul-
tiple viruses and for which it is difficult to claim intellectual 
property.24 From a regulatory standpoint, one of the most 
prominent phage generating laboratories in Georgia updates 
their cocktail composition every eight months, which makes 
it challenging to keep up with such changes.24 There is hope 
of incorporating them in seasonal influenza vaccines, though, 
for which the FDA already approves annual formulation 
updates.26

Much will hinge on the outcome of the Phagoburn tri-
als, after which many more studies will still be required to 
verify safety and efficacy. Time is at a premium, though, as the 
threat of antibiotic resistance grows every day. Researchers 
must cover several decades of lost ground in a short period 
of time in order to regain the upper hand in antimicrobial 
therapy. The hope now is that it will not be too little, too late.

“Unlike antibiotics, phages are 
in the unique position to be able 
to mutate in order to regain their 
ability to infect target bacteria.”
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following behaviors: following simple commands, gestural or 
verbal yes/no responses (regardless of accuracy), intelligible 
speech, [or] purposeful behaviour.”1

Historically, the only way physicians could measure a 
patient’s LOC was to conduct a clinical assessment that uses 
behavioral responses, such as the voluntary blink of an eye or 
gesture of the hand, as well as external stimuli, such as ver-
bal commands to assess consciousness.8 Although neuroim-
aging techniques like EEG, which uses electrical brain wave 
patterns to detect activity, are currently used as confirmatory 
tests, they are not part of the standard clinical assessment of 
DOC patients.8 Healthcare practitioners rely on intentional 
behaviors to indicate how robust a patient’s awareness of self 
and the environment is.12 There are numerous behavioral 
scales to clinically assess a patient’s level of consciousness by 
the bedside, from the relatively simple Glasgow Coma Scale 
to the more rigorous JFK Coma Recovery Scale.12 However, 
even for a skilled physician, distinguishing between patients 
in a UWS and those in a MCS is very difficult when exclu-
sively relying on these behavioral scales.8

There are several factors that may contribute to errors in 
diagnosis. The lack of a patient’s behavioral response may not 
necessarily indicate a lack of awareness; a general inability 
to move and speak is often a consequence of chronic brain 
injuries.8 Moreover, many behaviors, such as smiling and cry-
ing, are actually reflexive but may be interpreted as willful 
actions, causing confusion with MCS diagnoses.8 The rarity 

the awareness component of consciousness.8,9 This paper will 
assume a layperson’s characterization of awareness as “aware-
ness of who we are, where we are in time and space, what 
we did yesterday, and what our plans may be for tomorrow.”8 

Thus, evidence for some degree of awareness in UWS patients 
acts as evidence for some degree of consciousness in those 
patients.

The distinguishing factor between UWS and MCS 
patients is their level of awareness. MCS patients demonstrate 
signs of awareness, and therefore consciousness, whereas 
UWS patients do not.10 Signs of consciousness are indicators 
of a patient’s ability to experience pain, which cannot be expe-
rienced without consciousness.11 By definition, UWS patients 

are unable to experi-
ence pain and suffer-
ing.11 However, limited 
consciousness in MCS 
patients suggests that 
they are capable of expe-
riencing pain.11 The fact 
that MCS patients are 
able to feel pain is a mor-
ally significant factor 
that underlies the impor-
tance of distinguishing 
MCS patients from UWS 

as accurately as possible. If there is a way to communicate 
with MCS patients, then physicians should be obligated to try 
to do so to relieve pain and to consider a patient’s commu-
nicable wishes when considering end-of-life care. Addition-
ally, it is a physician’s primary duty to utilize the most accu-
rate tools and techniques available as part of their diagnostic 
methodology.

 THE DIFFICULTY OF DIAGNOSIS

Generally, various DOCs are diagnosed based on the 
patient’s level of consciousness (LOC). LOCs may 

range from fully conscious (wakeful awareness) to com-
pletely unconscious, which is typically in the state of a coma 
(unwakeful unawareness). The definitions of various forms 
of altered LOCs may hold different meanings for different 
observers. In focusing on the differential diagnosis between 
UWS and MCS, both are characterized by sleep-wake cycles 
that satisfy the wakefulness component of consciousness.1 
UWS patients are completely “unaware of themselves or their 
environment,” while MCS patients express inconsistent but 
reproducible evidence of awareness “by at least one of the 

“The fact that MCS patients are 
able to feel pain is a morally    

significant factor that underlies 
the importance of distinguishing 

MCS patients from UWS...”
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Searching for Consciousness  
A Neuroimaging Approach
Alex Lin
Acronyms: disorder of the consciousness (DOC), unrespon-
sive wakefulness syndrome (UWS), minimally conscious state 
(MCS), level of consciousness (LOC)

THE ACCURATE DIFFERENTIAL DIAGNOSIS 
for disorders of the consciousness (DOCs), particu-
larly between unresponsive wakefulness syndrome 

(UWS, previously termed “vegetative state”) and minimally 
conscious state (MCS), is often a difficult task. As the names 
of the conditions suggest, patients with UWS are “awake but 
unaware of themselves or their environment,” whereas MCS 
patients demonstrate “limited but clear evidence of aware-
ness of themselves or their environment.”1 Clinicians often 
confuse these two dis-
tinct conditions, lead-
ing to an unacceptably 
high rate of UWS mis-
diagnoses.2,3,4 However, 
recent advancements 
in neuroimaging tech-
niques have enabled 
physicians to detect 
signs of awareness in 
patients diagnosed with 
UWS. Traditional clini-
cal assessments attempt 
to elicit predictable behavioral responses but fail to do so.5 
Numerous pioneering studies have used newer brain imag-
ing methods to show that outwardly unaware patients can 
comprehend and follow commands by performing certain 
mental tasks to produce appropriate neural responses, when 
prompted.5,6,7 The discovery of residual signs of awareness in 
patients, referred by Dr. Adrian Owen as “covert conscious-
ness,” is morally significant and requires additional consid-
erations for MCS patients.8 An accurate differential diagno-
sis for UWS and MCS is therefore critical due to the grave 
impact a specific diagnosis has on decisions related to prog-
nosis and end-of-life care.

WHAT IS CONSCIOUSNESS?

The nature of consciousness and whether the results of 
neuroimaging studies are truly indicative of conscious-

ness in UWS patients has stirred up great debate in a variety 
of fields, including philosophy, psychology, and cognitive sci-
ence. This article will focus on how consciousness is assessed 
in the context of diagnostic medicine. For the purpose of 
this paper, consciousness is comprised of two separate, but 
related, components: “wakefulness and awareness.”9 Because 
UWS patients are often characterized as being in a “wakeful 
unawareness” state, the studies discussed attempt to measure 
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of UWS cases also contributes to the general lack of expertise 
and experience in producing an accurate diagnosis. Over the 
years, several studies have shown that approximately 40% of 
UWS patients are misdiagnosed, many due to these issues.2,3,4 

These rates of misdiagnosis are unacceptable, especially 
when there is a difference in prognosis and end-of-life care for 
UWS and MCS. Although both UWS and MCS can be per-
manent conditions, MCS patients are more likely to improve 
over time and show “significantly more favorable outcomes by 
1 year post injury than those diagnosed with [UWS].”13,14 Due 
to the serious implications of the diagnosis, patients should 
only be diagnosed with UWS if there is absolutely no evidence 
of awareness.

NEUROIMAGING AS A SOLUTION

In recent years, numerous studies have suggested imple-
menting neuroimaging techniques in addition to standard 

behavioral assessments to create more accurate diagnoses of 
DOCs.5,6,7 Advanced neuroimaging techniques, such as fMRI 
and EEG, have been found to detect residual cortical activ-
ity in UWS patients that represent signs of awareness.6,7 For 
example, in a 2006 study, an fMRI technique revealed that a 
UWS patient demonstrated residual cortical activity, and the 
patient was able to express signs of her awareness by following 
specific mental imagery tasks.7 The patient was asked to either 
“[imagine] playing a game of tennis,” which would stimulate 
the supplementary motor cortex, or to “[imagine] visiting all

ERP Neuroimaging 
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of the rooms of her house,” which would stimulate the para-
hippocampal gyrus, the posterior parietal cortex, and the lat-
eral premotor cortex.7 Through fMRI, which looks at blood 
flow using magnetic fields and radio waves to detect activ-
ity, awareness could be shown.7 The study concluded that 
the patient’s “ability to understand spoken commands and 
respond to them through brain activity, rather than through 
speech or movement, confirm[ed] beyond any doubt that she 
was consciously aware of herself and her surroundings.”7 Sub-
sequent studies have expanded on this initial fMRI study by 
promoting the use of fMRI and EEG techniques in the clini-
cal assessment of UWS patients.5,6 These results indicate that 
some patients diagnosed as UWS are able to perform inten-
tional mental behaviors in response to specific verbal com-
mands.6,7 These mental behaviors can replace physical behav-
iors for patients who are unable to move due to the nature of 
their condition.

INTERPRETING NEUROIMAGING RESULTS

Although these studies provide promising results for 
UWS patients, they may lead to false conclusions about 

the mental life of UWS patients. Residual signs of awareness 
found in UWS patients are reason to re-diagnose the con-
dition and reevaluate its prognosis, but it does not change 
the fact that these patient are still profoundly impaired. The 
results of these brain scans not only help prevent end-of-life 
decisions from being made prematurely, but also can help 

foster an increased sense of false hope of the patient’s func-
tional improvement among the patient’s family. A positive 
reading on a brain scan can surely influence the way physi-
cians and surrogates, who participate in decision-making for 
those with DOCs, perceive outwardly unaware patients.15 A 
study revealed that “surrogates who were more relationally 
enmeshed with the patient thought the patient could com-
municate better and...had greater expectations of recovery.”15 
Although the use of neuroimaging methods is valuable to 
achieving an accurate differential diagnosis between UWS 
and MCS, one must therefore be cautious when interpret-
ing them. It is also important to adhere to an evidence-based 
prognostic approach; it may be the case that a re-diagnosis 
of UWS to MCS does not alter the prognosis, and physicians 
must be prepared to explain this to surrogates. Moreover, 
negative neuroimaging results are not yet confirmative and 
should not be taken unequivocally. False negative readings 
can be the result of confounding factors, like patient fatigue, 
and cannot yet be distinguished from true negatives.8 

Generally, the surrogate, who is the appointed proxy of 
a UWS or MCS patient, holds the medical decision making 
authority for the patient. Despite studies that show that some 
UWS patients can answer yes-no questions by modulating 
their neural activity, both UWS and MCS patients are not 
given medical decision-making authority due to their lack of 
capacity.16 A re-diagnosis of UWS to MCS does not change 
the capacity assessment.16 Bernard Lo outlines three criteria References for this article can be found at 
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for decisional capacity, which include the ability to “articulate 
a reason” for certain medical decisions.16 Although the neuro-
imaging studies will potentially give physicians a new method 
of determining capacity of these patients, it has yet to be the 
case for UWS patients to truly “articulate a reason” for their 
conscious choices.16 End-of-life decisions therefore still rest 
in the hands of their surrogates. 

However, communication with UWS and MCS patients 
may be bounded by the limits of current technology. Although 
it is premature to suggest that answering a series of yes-no 
questions is sufficient to show that these UWS patients have 
full decision making capacity, if it becomes even clearer that 
these patients are able to communicate through new tech-
nologies, a compelling case can be made for allowing UWS 
patients to be involved in certain aspects of their medical 
decision-making. Still, there are some decisions that can be 
made in the absence of decisional capacity. As long as UWS 
patients can give a “yes” or “no” response to questions, their 
physicians ought to be asking the relevant questions to their 
situation. As of now, these neuroimaging results can be used 
to increase the quality-of-life by adjusting the patient’s day-
to-day care, such as pain management. 

LOOKING TO THE FUTURE

The continuous advancements in neuroimaging tech-
nologies will continue to provide unique opportunities 

to study conscious-
ness in patients with 
DOCs. Despite all the 
recent advancement in 
neuroimaging, more 
research and funding 
is required for stud-
ies that seek to further 
understand the mental 
life of MCS patients. 
There are still many 
unanswered questions 
about the mental life 
of an MCS patient, let 
alone a great difficulty 
in reaching an accurate diagnosis. Enabling researchers to 
conduct studies on patients with DOCs is important for the 
advancement of these elusive conditions. Yet, “researchers 
studying these patients have been refused grants, ethics com-
mittee approval, and research publication; these decisions 
tend to be made on the basis that studies of patients who can-
not provide consent are unethical.”1 Although, by definition, 
these patients do not have the decisional capacity to provide 
informed consent to research, they may, with their family’s 
consent, be able to provide informed assent through the use 
of these new neuroimaging techniques.1 Informed assent, 
which is typically provided by minors who are not yet able 
to provide full informed consent, could be extended to UWS 
patients.1

Furthermore, a change in the diagnostic methodology for 
DOCs must include the integration of advanced neuroimag-
ing techniques to detect signs of awareness in patients who 

are overtly unaware. These technologies are critical in the 
identification of a UWS misdiagnosis as well as in the future 
accurate diagnosis of MCS. Although expense and logistical 
issues currently serve as major hurdles for the universal test-
ing of UWS patients, the medical community should be pre-
pared to change the diagnostic methodology of DOCs when 
technology allows so in the foreseeable future. 

In 2013, President Obama announced the BRAIN Ini-
tiative, a collaborative research initiative to advance under-
standing of the human brain.17 The research goals of the 
BRAIN Initiative include generating circuit diagrams of 
the brain and developing new technologies that will allow 
researchers to rigorously study this most complex organ of 
the human body.17 On top of funding from the NIH, Presi-
dent Obama proposed a federal investment of over $300 mil-
lion in the 2016 fiscal year.17 When the technology and meth-
odology for carrying out these imaging tests become feasible, 
physicians must be prepared to communicate with these 
patients and, perhaps, reexamine their decisional capacities. 

CONCLUSION

When behavioral analysis is not enough, neuroimaging 
technologies, such as fMRI and EEG, ought to be used 

to fill in the gaps. Currently, many logistical and methodologi-
cal issues arise with the use of neuroimaging on UWS patients. 
However, with the announcement of the BRAIN Initiative in 

2013, technologies 
to accurately mea-
sure consciousness 
by the bedside may 
be developed in the 
foreseeable future.17 
With about 40%  of 
UWS patients being 
misdiagnosed, it is 
clear that we can no 
longer exclusively 
rely on behavioral 
responses to have a 
confirmative diag-
nosis of UWS.2,3,4 

The development of technologies that fuel the advancement 
of neuroscience should change how DOCs are diagnosed 
and prognosed. These technologies should be utilized in the 
clinical setting, since promising techniques are already being 
studied to conduct aside from analysis of awareness.5 The use 
of neuroimaging techniques, coupled with traditional behav-
ioral assessments, will therefore be necessary to accurately 
diagnose DOCs patients. Still, an evidence-based prognos-
tic approach must be taken when interpreting the results of 
these tests, since they may foster a greater sense of false hope. 
Ultimately, physicians must be prepared to integrate new 
techniques into their clinical assessments while excercising 
great caution when evaluating prognosis and conveying these 
results to the decision makers.

“...these patients do not have the deci-
sional capacity to provide informed 
consent to research, [but] they may...
be able to provide informed assent 
through the use of these new neuro-

imaging techniques.”
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differences in observed behavior.”6 In short, heri-
tability is the amount of variation of a certain trait 
in a population. 

As a proportion, heritability ranges from 0.0 to 
1.0, where 0.0 means genes do not impact pheno-
typic differences and 1.0 means genes are the sole 
reason for phenotypic differences.6 On this scale, 
the heritability of obesity is estimated as over 0.70, 
which is similar to that of  schizophrenia (0.81) 
and autism (0.90).4 The evidence of heritability 
proportions in obesity then begins to counter the 
notion that it is due to laziness, since DNA and 
heritability have substantial impacts. The negative 
bias prevalent toward obese patients can be tackled 
with increased education with this information.3

TREATMENTS FOR OBESITY

The negative biases held by physicians can drive doctors to 
provide treatments that may be discouraging for patients 

with obesity.3 According to 
the National Heart, Lung, 
and Blood Institute, one of 
the main treatments for over-
weight and obese patients is 
to “set realistic goals.”7 This 
‘treatment’ insinuates that the 
only way to reach a healthy 
weight is by taking control 
of their habits and becoming 
strong-willed. For patients 
that have genetic problems, 
this sort of treatment may be 
tiresome and futile because 
their genetics so greatly 
impact their weight-related 
problems. This type of goal-oriented treatment continues on 
by recommending that patients undergo behavioral changes, 
including changing surroundings and keeping a food diary.7 
Both of these tasks could seriously impact an individual’s 
self-image, especially for someone who struggles to control 
their metabolism that has been influenced by their genetics, if 
undertaken alone.7 As a final resort, doctors recommend that 
patients undergo weight-loss surgery.7

On the other hand, there are currently technical develop-
ments in gene therapy that may help expand target pools for 
people seeking treatment with drugs.8 For instance, there is a 
present study on the control of transcription factors, which 
can bind to specific DNA sequences to cause the expression of 
certain mutated traits.8 Transcription factors therefore regu-
late the expression of certain characteristics in an individual 
by binding to specific regions of DNA.9 There are lists of 
specific hormones related to obesity to target, such as leptin, 
which regulates appetite and metabolism due to the presence 
of fat tissues.8 This, and many other gene targets, may help 
with the control of several factors that cause obesity. Gene 
therapy further exemplifies that advancements in medicine 
that focus on the molecular level of the body can widen the 
scope of treatment for obese patients.

a part in the expression obesity symptoms. In the first wave 
of the discovery, the Welcome Trust Case Control Consor-
tium conduced a study looking at 1,924 individuals with Type 
2 diabetes.4 The researchers examined the FTO, or fat mass 
and obesity-associated gene.4 Results indicated that FTO 
indirectly caused Type 2 diabetes through a pathway that was 
associated with increasing BMI; in fact, it was found that the 
FTO gene increased BMI by 0.39 kg/m.2,4 In the second wave 
of the discovery, the study was expanded to a sample size 
nearly eight times larger, which contributed to the discovery 
of a position in the DNA near the FTO gene that expressed a 
protein called melanocortin 4 receptor (MC4R).4 Finally, the 
third and fourth waves of the discovery only expanded the 
number of genes that were found to be associated with BMI 
and obesity.4 The researchers found at least 42 genes associ-
ated with obesity and increased BMI.4 The gene near MC4R 
can cause an increase in BMI of 0.23 kg/m.2,4 This research 
highlights the fact that obesity can be caused by a wide array 
of genetic changes. Therefore, understanding the genetics 
of obesity helps bury the sentiment that it is simply caused 
by laziness and lack of self-motivation. Obesity then can be 
understood as less of a problem of willpower but more a fac-
tor in birthright.

HERITABILITY OF OBESITY

In understanding the impact of genes on obesity, it is evi-
dent that obesity is also highly heritable. The phenom-

enon of obesity’s heritability is measured, according to the 
University of Colorado, as “the proportion of phenotypic 
variance attributable to genetic variance” and “the extent to 
which genetic individual differences contribute to individual 

“The negative biases held by physi-
cians can drive doctors to provide 
treatments that may be discourag-
ing for patients with obesity ... for 

patients that have genetic problems, 
this sort of treatment may be tire-

some and futile...”

ORIGINAL ARTICLE

Genetics Behind the Obesity Epidemic
David Park

OBESITY IS A GROWING PROBLEM THAT CON- 
tinues to affect the United States. According to data 
from the 2009-2010 National Health and Nutrition 

Examination Survey, more than 2 in 3 adults are considered 
overweight, more than 1 in 3 adults are considered obese, and 
more than 1 in 20 adults are considered extremely obese.1 As 
such, a vast majority of the American adult population is 
classified as having a disease related to their weight. Obesity 
impacts children as well. Nearly 1 in 3 children will eventu-
ally develop obesity or diabetes.2 This epidemic is presently 
an urgent issue because of its links to cardiovascular disease, 
pulmonary disease, metabolic disease, osteoarticular disease, 
cancer, and psychiatric illness.2  Additionally, rising rates of 
obesity have contributed to the spread of stigma centered 
around weight. In fact, weight discrimination in the United 
States has increased by 66% throughout the past decade.3 
Weight bias may be thought to occur simply in the media or 
in social settings; however, it even occurs  in healthcare sce-
narios. In a study of over 620 primary care physicians, over 
50% of them viewed obese patients as “awkward, unattract-
ive, ugly, and noncompliant.”3 This study is a prime example 
of the negative bias of obese patients in healthcare. In order 
to dissolve the stigma that surrounds obesity, it is essential to 
understand how its genetics impact patients, who are often 
incorrectly characterized as lazy and noncompliant.

GENETICS OF OBESITY

Before the introduction of genome-wide association stud-
ies (GWAS), the genetics of obesity focused on a general 

group of genes, called candidate genes, which play a role in 
the regulation of metabolism and food intake.4 This focus was 
quite specific and, therefore, limited any research on other 
areas of the human genome. This limitation could provide 
problems for obese patients who do not have a defect in their 
candidate genes because these patients would still be subject  
to the negative bias that is so prevalent amongst healthcare 
professionals. With the introduction of genome-wide asso-
ciation studies, many other genes related to obesity were real-
ized. GWAS is often used to make predictions about the risk 
of certain diseases and to discover new prevention and treat-
ment strategies.5 As the name suggests, GWAS searches the 
whole human genome to understand complex diseases.5 Its 
focus is on understanding single nucleotide polymorphisms 
(SNPs), which are small changes in a single base-pair in DNA 
that have little to no functional consequence.5 

During the GWAS era, there was a major focus on find-
ing genes that were associated with body mass index (BMI).4 
There were four waves in the discovery of genes related to 
BMI and adiposity, or body fat content in a human.4 Once 
again, since this became more focused on the human 
genome, there were many genes that were discovered to play 
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CONCLUSION

The stigma surrounding patients with obesity that is so 
often perpetuated by the healthcare community has bled 

into society as a whole and has created a negative bias beyond 
the healthcare community.3 Negative bias can even extend 

into employment settings, as 
summarized by Rebecca M. 
Puhl and Kelly D. Brownell 
who conducted a study of 2,249 
obese and overweight women 
and found that 25% of the par-
ticipants experienced some sort 
of job discrimination due to  
their weight.3 Accordingly, 54% 
of these participants reported 
experiencing weight stigma 
from co-workers or colleagues.3 

Due to treatment sugges-
tions by major health groups, 
like the National Heart, Lung, 
and Blood Institute, that sug-

gest controlling diet using only willpower, a negative view-
point is automatically attached to those who remain obese or 
overweight after following the professional advice prescribed 
to them. Not only do the inherited genetics  of obesity leave 
some patients at a weight that is very difficult to alter, but 
there are also the impacts of the environment involved, which 
relate to epigenetics (adaptations of chromosomal regions 
due to changed activity in the environment), that come into 
question.10 Therefore, it is evident that a variety of factors, 
other than simply lack of exercise or proper nutrition, affect 
the development of obesity. This information, in turn, coun-
ters the reasoning for negative bias that is apparent through-
out much of the medical community. However, treatments 
that involve addressing an individual on the molecular level 
are still in need of development.8 Regardless, the multitude 
of communities that perpetuate obesity stigma should learn 
that their thoughts are often grounded in negative bias that is 
refuted when various factors, like genetics and the environ-
ment — which do not arise from a lack of self-control — are 
understood and accepted.
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MENTAL HEALTH AND THE QUALITY OF 
life of medical students are seldom discussed. Yet, 
according to the American Foundation for Sui-

cide Prevention, suicide among medical students is between 
15 and 30 percent higher than that of the general popula-
tion.1 A recent study found that the mental health and self-
esteem levels of matriculating medi-
cal students and age-similar control 
populations were incredibly similar, 
which indicates that the medical edu-
cation system is a probable facilitator 
of mental distress.2 Several factors that 
may contribute to poor mental health 
within the medical school environ-
ment include heavy academic work-
load, financial concern, and lack of 
time for recreation and socializing.3 
Given this insight, it is time for medi-
cal schools to address the needs of medical students during 
their time in training so that they can learn to handle these 
stressors before taking on the critical roles of physicians.

SITUATIONAL FACTORS

Single-institution studies have shown that anywhere from 
3% to 15% of medical students have suicidal thoughts 

during their time in academic and residency programs.4 
These thoughts are likely due to time limitations that lead 

GENDER DIFFERENCES

Female medical students have much higher rates of depres-
sion than do males,  which mimics the trend in the general 

population.7 However, females and males in the medical pro-
fession are equally likely to commit suicide, whereas statistics 
for the general population show that women are four times 
less likely than men to do so.10 While the statistics are shock-
ing throughout the entire population of medical students 
and physicians, women are particularly at risk, even reaching 
250% higher suicide rates than women in other fields.1

EFFECTS ON JOB SUCCESS

Untreated depression appears to set students up for a 
downward spiral in their careers as these stressful con-

ditions persist.9 One study found that depressive symptoms 
increase by as much as 15% as students transition into resi-
dency programs.8 Residents may work up to 80-hour weeks, 
likely leading to sleep deprivation and high-stress environ-
ments — two major causes of depressive symptoms.6 As 
residents move on to their medical careers, their jobs remain 
among the most lethal on yearly reports from National Occu-
pational Mortality Surveillance.10 In addition to these num-
bers, the risk of burn-out persists throughout a physician’s 
career. What prevents students, residents, and physicians 
from accessing the help that they so desperately need?

BLOCKS TO GETTING HELP

Given that medical schools are generally a part of large 
institutions that cover various aspects of the healthcare 

system, access to mental health resources is not usually the 
issue. Instead, the environment of medical school supports 
a culture that does not place mental well-being at a high 
priority.7  The stigma surrounding depression and other 
mental illness is even magnified in the medical world.6 Other 
blocks to receiving necessary help for mental distress include 
restrictions in medical licensing, loss of hospital privileges, 

to lack of self-care, blocks to proper resources, and a lack of 
successful coping skills. Medical school is a rigorous program 
that demands students keep track of multiple obligations 
while also keeping up with an exponentially growing body 
of information.3 Juggling several obligations in a high-stress 
environment does not end at graduation—it continues dur-

ing internships, residency programs, 
and career practice.5 In addition to 
these concerns, medical students also 
face long hours in the classroom and in 
training, leading to a lack of sleep and 
separation from support systems.6

This hectic schedule predisposes 
physicians to mental health issues, such 
as depression and anxiety as well as 
substance abuse and burn-out.5 Burn-
out is a result of cumulative stress that 
creates a state of total-body exhaustion, 

both mental and physical.5 A burn-out reaction can lead to 
increased error in medical practice and miscommunication 
with patients.7 For this reason, it is essential that medical stu-
dents learn to balance their obligations and take care of their 
health if they are to become successful physicians.

“Suicide among 
medical students is 
between 15 and 30 

percent higher than 
that of the general 

population.”

ORIGINAL ARTICLE

Addressing the Mental Health and Well-Being 
of Our Future Physicians
 Jamie Tebeau
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discriminative hiring practices, and practice restrictions.6,7 
To put it simply, medical students avoid receiving help for 
depression, anxiety, substance abuse, and stress overload 
because of the associated stigma coupled with a fear of 
damaging their future careers as physicians. Once students 
become physicians, concerns continue in the form of insur-
ance and practice discrimination.6 Fortunately, the can-do 
attitude and self-motivation of medical students and physi-
cians are positive predictors of successful treatment and 
management of mental disorders, if help is found.6

CONCLUSION: WHAT NOW?

Medical students need a strong support system of class-
mates, teachers, friends, and family in order to combat 

the stressors of their rigorous academics. In order to build 
a strong foundation of support in such a competitive atmo-
sphere, students could take part in ungraded electives that 
focus on fostering a collaborative environment that teaches 
teamwork, another crucial skill for physicians in train-
ing. Perhaps the stigma related to mental illness could be 
addressed during orientation and kept in ongoing discussion 
throughout the academic year and time in residency. This 
time could also be devoted to teaching coping skills and stress 
management, which are crucial for the upkeep of a healthy 
mind and body. Of course, when necessary, counseling inter-
vention should be available to aid students concerned about 
their mental health. 

The United States loses between three and four hundred 
physicians, or approximately one small medical school, to 
suicide each year.6 Helping physicians will benefit not only 
the health of the physicians themselves but also the various 
patients they can treat. It is time to address the issue of mental 
health in the medical field and to take action. 
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breathe.5 Experiences like this are det-
rimental to people’s quality of life for 
many reasons.5 There is a strong rela-
tionship between anxiety and asthma 
in patients, such that repeated distress 
often exacerbates asthmatic symptoms, 
leading to a continuous cycle of anxiety 
and asthma.5 Furthermore, as of 2015, 
the yearly cost of asthma was nearly $56 
billion, mostly due to drug costs as well 
as doctor and emergency room visits.7,4 
The added expense of affording drugs to 
treat asthma may even further impact 
psychological stressors that continue 
the cycle of anxiety and asthma. Per-
sonalized medicine may  offer itself as 
a more efficient and cost-effective way 
to alleviate the psychological and eco-
nomic burdens of asthma.

GENOTYPING ASTHMA

Genome-wide association studies (GWAS) and phar-
macogenomics are at the core of asthma genotyping 

research.4 In clinical trials, researchers administer drugs 
to participants, scan their genomes, and find associations 
between certain genes and 
participant reactions to 
each drug.4 These associa-
tions can then be used to 
develop genetic tests that 
identify critical genes that 
may inform health profes-
sionals of the best treatment 
for each patient.4 Notably, 
genes can determine 60 per-
cent of a patient’s likelihood 
of developing asthma.13 This 
method of pharmacogenom-
ics has been proven as effec-
tive in treatment of other diseases. For example, a genetic test 
can now predict whether a breast cancer patient will respond 
favorably to Herceptin, a treatment drug.14

While genetic testing has yet to be developed for asthma, 
the current focus has been on identifying genes that predict 
a patient’s response to bronchodilators and ICS.4 Candidate 
genes, which may show differences in types of asthma, have 
been identified, but replication of results across multiple 
GWAS has been minimal.4 Furthermore, drug trials have 
small numbers of participants, which weakens their analy-
ses.4 More data could be gathered using longitudinal stud-
ies that observe patients undergoing treatment. However, 
patients often receive a combination of a bronchodilator and 
ICS as the mainstream treatment, which makes it difficult for 
researchers to isolate the genotypes of a patient’s response 
to each medication on its own.4 Though it needs more data, 
genotyping asthma may be highly conducive to the develop-
ment of genetic testing for asthma, which can benefit efforts 
toward personalized medicine.

manage its symptoms through medication usage.5 By assess-
ing the natural intensities of symptoms, doctors classify 
asthma as either mild, mild persistent, moderate, or severe.4 
Asthma may be further characterized depending upon the 
patient’s level of eosinophils, which are white blood cells that 
eliminate an infection or allergen by accumulating in tissue 
and causing inflammation.9 Some people may have an excess 
of eosinophils, known as eosinophilia.9 Increased eosinophil 
levels increase a patient’s inflammatory response, which is 
related to their asthmatic response.

Furthermore, asthma can be systematically categorized by 
three factors: genotypes, phenotypes, and endotypes. While 
the goal of genotyping is to sequence a patient’s genome and 
identify genes that can predict their response to drugs, phe-
notyping involves the examination of observable character-
istics of asthma.4 Endotyping analyzes the unique molecular 
mechanisms that result in asthma’s symptoms.12 According 
to the central dogma of biology, these three factors are inter-
related. However, the approach to each type of classification 
differs.

CURRENT TREATMENTS

The standard treatment for all asthma patients includes  
combining the use of a bronchodilator with inhaled cor-

ticosteroids (ICS).3 Bronchodilators relax the muscles sur-
rounding the airways, while ICS are artificial hormones that 
reduce inflammation.10,11 This conventional therapy is effec-
tive for about 68 percent percent of asthma patients, most 
of whom have mild to moderate symptoms.3 For patients 
whose symptoms are severe and cannot be controlled effec-
tively with these methods, treatments are modified accord-
ingly. For example, dosages may be increased or other con-
troller medications may be administered.3 However, even 
with this approach, five to ten percent of patients still cannot 
adequately manage symptoms, which is indicative of the low 
efficacy of severity-based treatment.3 Classifying asthma fur-
ther and personalizing treatment based on particular asthma 
types is therefore necessary.

PSYCHOLOGICAL AND ECONOMIC IMPACTS

Developing personalized medicine for asthma has become 
urgent, especially because of its psychological impact, 

which often is rooted in its burden on the American health-
care system. Currently, about eight percent of the U.S. popula-
tion has been diagnosed with asthma.6 Many of these patients 
have experienced the terrifying sensation of being unable to 

“Personalized medicine may 
offer itself as a more efficient 

and cost-effective way to 
alleviate the psychological 
and economic burdens of 

asthma.”

ORIGINAL ARTICLE

Personalized Medicine for Asthma 
A Promising Reality
Akari Miki

THE TERM “PERSONALIZED MEDICINE” IS 
often associated with cancer. In examining the genet-
ics of patients’ tumors, scientists have realized how 

heterogeneous cancer is; malignant cells can reproduce 
uncontrollably through a diverse set of genes and molecular 
mechanisms.1 As more extensive research has surfaced, the 
importance of tailoring therapy to a patient’s genotype has 
become clear. Therefore, tremendous efforts have been put 
forth to encourage personalized medicine. In 2015, President 
Obama launched the Precision Medicine Initiative, which 
aimed to promote collaborative research and the provision 
of individualized care to patients.2 Underneath this initia-
tive, the National Institute of Health (NIH) strives to enhance 
precision medicine clinical trials, and the Food and Drug 
Administration (FDA) seeks to regulate and support the 
development of genetic sequencing technologies.2 As Presi-
dent Obama described his goals, he highlighted cancer as a 
target of personalized medicine.2 This focus on cancer may be 
due to the vast funding provided for cancer research in addi-
tion to the public’s familiarity with recent breakthroughs. But 
what about the benefits of developing personalized medicine 
for more common diseases, like asthma?

In the past few decades, doctors have noted that some 
asthma patients do not respond favorably to standard treat-
ments.3 This recognition has also led them to suspect that 
asthma may actually be a heterogeneous disease that requires 
personalized medicine for treatment.3 A substantial amount 
of research has been done recently on the genotypes and 
phenotypes of asthma, which may lead to designing new 
therapies that are specific to each type of asthma.3,4 Never-
theless, the quest for personalized medicine in asthma treat-
ment has been challenging, especially with small numbers 
of participants in clinical trials and the various types of the 
disease that are left to be defined.3,4 Although methods of 
genomic sequencing and statistical analysis have been prom-
ising, the classification process for asthma may take years to 
complete.3,4 Amidst research efforts, the medical community 
has been reminded that personalized medicine is more than 
just understanding and implementing scientific knowledge; 
it calls for better communication between clinicians and 
patients.5 The need for personalized medicine in asthma has 
great potential to beneficially impact treatment through use 
of genetic testing and specific therapies. 

CLASSIFYING ASTHMA

Asthma involves the inflammation and constriction of a 
person’s airways in their lungs, which leads to tightness 

in their chest and shortness of breath.8 There is currently no 
cure for asthma, leaving those who experience it having to 
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PHENOTYPING AND ENDOTYPING ASTHMA

Other methods of categorizing asthma include pheno-
typing and endotyping. Phenotypes and endotypes 

are  both observable, though an endotype often explains the 
mechanism of a phenotype.12 Since both are closely related, 

researchers frequently use phe-
notyping and endotyping in the 
same studies.12 

The main approach to phe-
notyping asthma is cluster anal-
ysis.3 In this statistical approach, 
asthma patients are grouped by 
their asthma categorizations 
and symptoms so members 
of each group are as similar as 
possible.3 Each analysis involves 
a unique set of traits, but the 
most common are the sever-
ity of the disease, response to 

drugs, eosinophilia level, and age of onset.3 For example, a 
group may be of patients who have early-onset asthma with 
low eosinophilia levels.3 As a result, each group represents a 
particular asthma phenotype. 

Over the past decade, researchers have successfully 
performed several cluster analyses of asthma phenotypes. 
According to a 2013 study, there is little difference in the 
phenotypes that have been identified 10 years apart, mean-
ing classification is stable over time.15 Furthermore, signifi-
cant correlations between phenotype and reactions to drugs 
have been discovered. One notable example is that ICS works 
particularly effectively for asthma patients with eosinophilia.3 
The endotype that explains this phenotype of asthma with 
eosinophilia has been identified as TH2-high.3 TH2-high 
refers to a large presence of TH2 cell cytokines, hormonal 
messengers that stimulate the production of antibodies and 
trigger eosinophils.16 With this discovery, therapeutic anti-
bodies have been designed to block TH2 cell cytokines 
and the cells’ production of its antibodies.3 This is a prime 

Personalized medicine for asthma: therapy tailored to each individual    
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example of personalized medicine, where asthma treatment 
was designed as specific to TH2-high asthma. However, the 
quest for personalized medicine for all phenotypes of asthma 
still requires the phenotypes and endotypes of non-eosino-
philia and other traits of asthma to be investigated further.3 

PERSONALIZED MEDICINE: MORE THAN THE SCIENCE

The goals of genotyping, phenotyping, and endotyping 
asthma seem to be reachable in the distant future. Mean-

while, researchers have reminded the medical community of 
other ways to improve healthcare delivery to asthma patients 
by emphasizing that personalized medicine is more than 
implementing scientific knowledge.5 They have highlighted 
the need to address patients’ noncompliance with treatment 
regimens; the estimated rate of noncompliance is anywhere 
from 30 and 70 percent.5 If patients were to follow their medi-
cation schedules, the number of emergency room visits and 
hospitalizations would be cut in half.4 Common reasons for 
widespread non-adherence may be patients’ forgetfulness and 
concern that ICS may lose effectiveness after repeated use.5 
Moreover, many patients may use the medications only when 
their symptoms intensify.5 Therefore, improving clinician-
patient communication is essential, particularly in terms of 
education on self-management and compliance on aiding 
health outcomes.5 Finally, improved communication with 
patients is another way of personalizing medicine to suit the 
needs of patients as individuals. 

CONCLUSION

Overall, personalized medicine for asthma has great 
potential as researchers delve into defining the geno-

types and phenotypes of asthma. Some candidate genes that 
can predict a patient’s response to drugs have been identified, 
and therapies that target specific phenotypes and endotypes 
have been developed. However, the search for personalized 
medicine has had some challenges. These include clinical tri-
als with small numbers of participants, difficulty replicating 
results across various GWAS, and the substantial number 
of possible asthma types. Since personalized medicine for 
asthma still needs significant development, researchers and 
clinicians must seek other ways to personalize medicine, such 
as through improved patient-clinician communication. This 
communication can reduce healthcare costs related to asthma 
and, more importantly, improve the quality of life for many 
patients.  

Despite various difficulties, physicians and scientists 
remain optimistic. After all, personalized medicine has revo-
lutionized the treatment of cancer, setting a precedent for dis-
eases like asthma.4 Once personalized medicine for asthma 
becomes a reality, it may impact the treatment of other ill-
nesses in a similar maner to ameliorate their substantial 
effects on people’s lives.
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RESEARCH HIGHLIGHT 
Individualizing Cancer through Mutations
Rebecca Moragne

TODAY, BRAIN TUMORS ARE MEASURED BY   
location, by whether they have metastasized, and 

by how they visually appear under a microscope. But 
what if they were evaluated by the mutations that ini-
tiated their development? Robert Jenkins, M.D., Ph.D., 
at Mayo Clinic and Margaret Wrensch, M.P.H., Ph.D., at 
the University of California, San Francisco, are explor-
ing the genetic components of glioma brain tumors 
to develop a test for brain cancer prognosis and 
treatment. 

Gliomas are the most common type of brain tumor 
and are broken in to three types: astrocytomas, oligo-
dendrogliomas, and oligoastrocytomas (a mixture of 
the first two). Basing a brain tumor solely on its name 
may fail to acknowledge many individual characteris-
tics of a tumor. To further individualize each glioma, 
Jenkins and Wrensch are analyzing the mutations in 
gliomas. 

All cancers begin with a mutation: some are 
recently developed while others have existed since 
utero. Jenkins and Wrensch are focusing on the gene 
mutations 1p/19q co-deletion, the IDH mutation, 
and the TERT mutation. Most gliomas either have all, 
none, or some combination of these three mutations. 
Gaining a better understanding of a glioma can help 
with treatment, specifically therapies that target the 
unique mutation. 

Jenkins and Wrensch are now beginning to apply 
their research in a clinical setting. They are using 
“gene chip” technology to locate mutations in a tumor 
that appear as duplicated or missing DNA segments. 
Patient outcomes from treatment with this addi-
tional information are superior than those without it 
because the mutation knowledge aids in understand-
ing how a specific glioma will respond to a treatment 
and which treatment is best. No two patients are alike 
and neither are two gliomas. Sometimes the treat-
ment is not worth the outcome, though many times it 
is, but allowing a patient to have a better understand-
ing of his or her prognosis is extremely valuable.

Going forward, Jenkins wants to expand his explo-
ration on cancer genetics and mutations. His labora-
tory is using CRISPR, a genome-editing tool, to cause 
the glioma mutations in cells in order to observe how 
the cancer develops. Jenkins states, “It is possible that 
these tumors have been around since the person was 
born…It may very well have started in utero, and it 
just takes 30 years for them to come to clinical atten-
tion.” By specializing the treatment and therapy for 
each individual cancer, Jenkins and Wrensch are ulti-
mately one step closer to identifying the cure for the 
disease. 
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