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Is Buying Organic Truly Beneficial For Your

Health?

Y L

t is becoming increasingly confusing for people

to choose which foods are best for them. Between
social media and trendy diets, it is hard to know
what is truly beneficial for one’s health. A common
confusing area is organic foods and whether they are
actually healthy or not. “Organic” is defined as relating
to or belonging to the class of chemical compounds
with a carbon basis. Scientific opinion is divided on
whether there are significant nutritional differences
between organic and non-organic foods. Organic
food has been thought to contain more antioxidant
compounds linked to better health than non-organic
food and contains lower levels of toxic metals and
pesticides, according to some scientific analyses to
date (Baranski, 2014). Yet, other studies have found
no substantial differences or significant nutritional
benefits from consuming organically-grown foods
over foodsand crops grown using traditional methods
(Baranski, 2014). This article aims to analyze the
medical benefits and potential drawbacks of eating
organic foods and to offer guidance on choosing
organic produce if the benefits outweigh the costs.

The US organic industry is one of the fast-

est-growing sectors in the food industry. At 42%,
fruits and vegetables account for the largest portion
of organic sales. According to the Organic Trade As-
sociation Manufacturer Survey, switching to organic
fruits and vegetables could yield the same benefits
as adding one or two portions of the recommended
“five a day,” which encompasses the five recom-
mended portions of fruits and vegetables.

“According to Newcastle University’s
Professor Carlo Leifert, ‘this study
demonstrates that choosing food
produced according to organic

standards can lead to increased intake of
nutritionally-desirable antioxidants and
reduced exposure to toxic heavy metals’
(Baranki, 2014).”

Researchers have found a 30% lower rate of
detectable contamination by pesticide residues in
organically-grown produce. Two studies found that
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children who ate conventional produce had higher
levels of pesticide residues in their urine, and that
these levels fell when children switched to eating
organic foods. Once ingested, phytoestrogenic and
xenoestrogenic chemicals can disrupt the endocrine
system by mimicking the effects of estrogen in the
body. This ultimately leads to a continuous increase
in estrogen levels and can cause weight gain. Ad-
ditionally, herbicides and pesticides disrupt male
hormones. Atrazine, for example, is one of the most
common chemicals used on crops, especially corn.
It mimics estrogen and also disrupts testosterone
and androgen. These pesticides and herbicides are
typically used on non-organically genetically mod-
ified crops to create processed foods that line the
grocery shelves. These same crops are also the basis
for animal feed that is fed to factory-farmed meats
and fish (Holzman, 2012).

What about the food animals eat? Antibiotics
and hormones are used in animal feed to prevent
disease and make animals grow faster; the food ani-
mals consume comprises 70% of the total antibiotics
used in America, including antibiotics utilized for
treating human disease, such as penicillin, tetracy-
cline, and erythromycin. This overuse of antibiot-
ics has been shown to increase antibiotic-resistant
bacteria in animals, and consequently, increases
drug-resistant infections in people (Holzman, 2012).

Organic meat and dairy also have their pros
and cons. A study finds that organic dairy and
meat contain about 50% more omega-3 fatty acids
(Mitchell, Hong, & Koh, 2007). These fatty acids are
thought to decrease anxiety and depression, pro-
mote brain health (specifically during pregnancy
and early life) and heart health, reduce symptoms
of metabolic syndrome, fight inflammation and
autoimmune diseases,decrease this risk of mental
disorders, reduce risk of cancer, lower fat levels in
the liver, promote bone and joint health, improve
sleep, and many more benefits (Holzman, 2012).
This increase is due to animals foraging on grasses
rich in these nutrients, which consequently end up
in dairy and meats. The findings are based on data



pooled from more than 200 studies, and research in
the US has pointed to similar benefits (Benbrook,
2013; (Holzman, 2012).

Furthermore, Charles Benbrook, a professor
of Agriculture at Washington State University and
former chief scientist at the Organic Center, claims
that several well-designed US studies have shown
that organic crops have higher concentrations of
antioxidants and vitamins than conventional crops.
For crops such as apples, strawberries, grapes, toma-
toes, milk, carrots, and grains, organic produce has
10-30% higher levels of several nutrients, including
vitamin C, antioxidants, and phenolic acids, as re-
ported in most studies (Holzman, 2012). Moreover,
a study published in 2014 in the British Journal of
Nutrition found that organic crops-- ranging from
carrots and broccoli to apples and blueberries-- have
higher concentrations of antioxidants and other
beneficial compounds. The study claims that organic
crops contain about 50% more anthocyanins and
flavonols compared with conventional crops. An-
thocyanins, compounds linked to anti-inflammatory
effects, give fruits and vegetables such as blueberries
their dark hues. Flavonols have been shown to pro-
tect against cell damage and enhance the immune
system’s ability to combat disease (Baranski et al.,
2016).

Organic crops tend to be exposed to higher
levels of stress to fend off insects that would have
normally been avoided due to pesticide use. In
organic agriculture, the produce fends for itself by
producing polyacetylenes, which reduce inflam-
mation and cancer risk (Holzman, 2012). That
being said, the amount that must be eaten to ben-
efit human health remains unclear. Also, organic
produce does not contain nitrogen from synthetic
fertilizers as conventional crops do, and as a result,
organic crops tend to grow more slowly and produce
more secondary plant metabolites. This boils down
to increasing the concentration of flavonoids even
more, such as quercetin (MITCHELL, A., HONG,
Y., & KOH, E. (2007). In addition to lower levels of
pesticide residues and increased antioxidants, there
are lower concentrations of the metal cadmium, also
found in soil, which can cause neurological adverse
health effects (Srednicka-Tober & Baranski, 2016).

Even with all of the benefits, plenty of people
are still reluctant to buy organic. Professor of nutri-
tion Ian Givens at the University of Reading claims
that organic farming only represents a marginal

increase in nutritional or health benefits. He points
out that dairy products would only increase ome-
ga-3 intake by small amounts (Srednicka-Tober, D.,
& Baranski, M. (2016). An analysis by researchers at
Stanford University published several years ago con-
cluded there was no legitimate evidence that organic
fruits and vegetables were more nutritious overall
(Smith-Spangler, 2012). Additionally, organic crops
that may have higher levels of antioxidants do not
consistently have higher levels of vitamins. Vitamin
E, for example, did not vary much between organic
vs. non-organic farming in one study (Holzman,
2012).

The verdict? A majority of people (65%) who
estimate that most or some of their diet is organic
believe that food additives pose a serious risk to
health over a persons lifetime, versus 41% among
those who report eating little to no organic foods .
More specifically, 42% of U.S. adults who say most
or some of the food they eat is organic believe that
eating fruits and vegetables grown with pesticides
poses serious health risks for the average person
over their lifetime. In comparison, just 25% of those
who eat little or no organic food share that view
(Benbrook, et. al., 2013).
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Nevertheless, this area of research is just
beginning to evolve and is focusing on antibiotic re-
sistance, environmental effects of agricultural shifts
to organically-grown foods, the effects of toxins in
conventionally-grown foods, and more. It is difficult
to predict what will happen in terms of conclusive
evidence with this topic, but as for now, the general
population and scientists are rather divided in their
thoughts on the benefits of organic versus non-or-
ganically grown foods.




Many claims have been circulating, claiming organic,
colorful fresh fruits and vegetables are necessary

for optimal health, however there is less attention
devoted to the published studies that counter this.
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Disparities in Care: Racial and Religious

Biases in Medicine
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tseemssosimple, right? You calland visityour doctor

when you're sick. Unfortunately, a 2015 review of
7,674 adults across the United States found otherwise.
According to the study by Taber et al., 30.3% of
respondents said they “avoid visiting their doctor even
when they suspect they should.” Of that cohort, 33.3%
avoided their doctor due to unfavorable notions of the
healthcare system, including physician or provider-
related concerns (Taber, Leyva, & Persoskie, 2015).
While the exact reasons given by respondents varied,
further research has found that one contributor of
healthcare underutilization by certain demographics
of patients may be their historical relationships with
healthcare providers which have resulted in systemic
bias. The Tuskegee Syphilis Study, for example,
forced Blacks to participate in medical experiments
during the 19th century and provided them with the
lowest-quality of care, if any (Freimuth et al., 2001).
Almost 60 years after the study began in 1932, the
aftermath of the Tuskegee study continues to haunt
clinical research surrounding the Black community
— a 1990 survey conducted by the Southern Christian
Leadership Conference found that 35% of Black
parishioners believed HIV/AIDS was a manufactured
form of genocide against their race (Gamble, 1997).
This animosity and misconception continues to
haunt public health research into HIV/AIDS in Black
populations today, in the face of the fact that Blacks
grapple with a 2.6-fold disparity in risk of acquiring
the disease compared with Whites (Morris, Kurth,
Hamilton, Moody, & Wakefield, 2009; Thomas &
Quinn, 1991). While the Tuskegee study is no doubt
an extreme example of grossly unethical conduct
which has tarnished the reputation of the medical
community for an entire racial demographic, recent
research suggests that more subtle transgressions
continue to preclude certain groups from obtaining
the medical care they need due to dislike and mistrust
(Braunstein, Sherber, Schulman, Ding, & Powe, 2008;
Craig & Wright, 2012). In this article, we review select
examples of these disparities and propose solutions to
address them.

Previous literature has found that one major
source of racial disparities in healthcare access is
implicit racial bias by physicians. A 2012 study on
implicit racial bias among physicians towards White
and Black patients found that Black patients were
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8% less likely to feel confident and 10% less likely

to trust a physician with “moderate implicit bias”
(implicit association test (IAT) score of +0.5 on a
-2.0 to +2.0 scale) compared to a physician without
any implicit bias (IAT score of 0.0). In addition,

the study showed that Black patients were 12% less
likely to report that a physician with a higher IAT
score involved them in medical decisions versus a
physician with a lower score (Cooper et al., 2012).
The results of the Cooper study ofter insight into
one possible cause of early findings in a communi-
ty tracking study conducted from 1998 to 1999 by
the Center for Health System Change to measure of
trust of physicians by individuals across 19 cities.
The study found that Black patients reported a high-
er distrust towards healthcare professionals than
White patients, even after controlling for education
level, gender, income level, age, and insurance status
(Armstrong, Ravenell, McMurphy, & Putt, 2007).
Although factors other than implicit bias among
physicians and trust level among patients certainly
contribute to racial disparities, these studies serve to
highlight areas of significant interest.

“30.3% of respondents said they “avoid
visiting their doctor even when they
suspect they should.” Of that cohort,

33.3% avoided their doctor due to
unfavorable notions of the healthcare
system..”

In addition to race, research has shown that
religious biases also present a prominent obstacle
when obtaining healthcare. Research has shown that
Muslim patients face particular difficulties in this
area. According to a study published in the Journal
of Muslim Mental Health which analyzed the types
of discrimination reported by Muslim Americans in
healthcare settings, being ignored by practitioners
was reported by 55.4% of those surveyed and was
the most common problem faced by respondents



(Martin, 2015). Other forms of discrimination
identified by the study included issues with tra-
ditional Islamic dress (43.9%), religious holidays
(25.6%), lack of knowledge about Islam (13.3%),
and issues regarding a practitioner’s gender (6.7%).
One patient, for example, wrote that, “Going into a
surgery, health care providers didn’t recognize the
importance of me keeping my hijab on and wanting
most of my body covered,” Another said that, “.. the
fact that our holy day is Friday was never taken into
consideration even after being explained,” and that
the practitioners “[brought] in male [coworkers]
without my consent.” [I felt] uncomfortable with
[the] questions asked of me in front of [a] male,” the
patient reported (Martin, 2015). While not statis-
tically conclusive and limited to Muslim patients,
these responses can only serve as a glimpse into the
challenges in obtaining medical treatment faced by
those whose religious practices are different than
those of the predominant culture on the U.S.

Numerous solutions have been proposed to
address these issues. One solution calls for a more
diversified population of physicians available for
patients. An overview of Kaiser Permanente’s North-
ern California Diabetes Registry in 2005 showed
that, of the patients on the registry, only 9.7% of
African American patients and 11.2% of Hispan-
ic patients had a race-concordant physician. Yet,
these two groups were more likely than White or
Asian patients to have a race-concordant physician
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if they chose their provider themselves, indicating a
preference for race-concordant physicians (Traylor,
Schmittdiel, Uratsu, Mangione, & Subramanian,
2010). This corroborates Saha et al’s previous re-
search which found that race-concordant physicians
lead to higher satisfaction ratings and greater utiliza-
tion of healthcare resources amongst Black patients
(S. Saha, Komaromy, Koepsell, & Bindman, 1999).
By increasing the diversity of physicians available by
providing training and opportunity at an early level,
the quality of care available may increase for all pa-
tients (American College of Physicians, 2010).
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The Implicit Association Test (IAT) can measure implicit
racial bias amongst physicians so that they can better

provide care to all patients. Participants are asked to
rapidly categorize the skin tone of pictures containing
varying facial expressions (Zhang, 2019).

With regards to potential bias in the care of
Muslim patients, Dr. Basem Attum and Dr. Zafar
Shamoon, two Muslim physicians in the United
States, have suggested that physicians should rec-
ognize and respect more aspects of the Islamic faith
(Attum & Shamoon, 2019). A brochure drafted by
the Islamic Council of Victoria directed at non-Mus-
lim physicians recommends that understanding
beliefs of Islam regarding illness, healthcare, and
death — including practices of family members vis-
iting sick relatives, beliefs and practices surrounding
childbirth, forbiddance of pork and alcohol, and in-
volvement of family in end-of-life and posthumous
ceremonies — can help provide culturally-compe-
tent care for Muslim patients (Islamic Council of
Victoria, 2010).

These are just a handful of solutions to
healthcare disparities across racial and religious
groups, and more work needs to be done. However,



these solutions suggest that increased awareness

and education, in conjunction with recruiting a
diverse body of physicians, can lead to tangible im-
provements in interactions between physicians and
groups who have historically faced systematic biases,
ignorance, and discrimination by healthcare profes-
sionals.
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epression affects nearly 10% of adults in the

United States and 300 million people around
the world. If it is not treated, depression can cause
serious distress in all aspects of life, from sleep and
social interactions to bowel movements (Miller and
Raison, 2016). Most infamously, depression has been
found to be one of the leading causes of suicide in
the United States (Centers for Disease Control and
Prevention, 2019). While a genetic foundation
for depression is being studied in research, there
are a multitude of environmental factors that may
contribute to its development. Alcohol abuse, sleep
deprivation, and a lack of proper nutrition are among
the leading environmental causes of depression
(WebMD, 2019). Since the 1950, antidepressants
have been synthesized to combat the disorder through
disrupting neurotransmitter pathways in the central
nervous system. However, many antidepressants
lack the ability to treat secondary complications of
depression that can cause drastic alterations within the
body. It has been found recently that depression may
have a direct relationship to inflammation, similar to
the body’s standard repair mechanism. Studies have
shown that, without exposure to any pathogens,
people diagnosed as clinically depressed have higher
inflammatoryadrenalhormonal secretions, c-reactive
proteins, platelets, and neutrophil-to-lymphocyte
ratios (Miller etal.,2005). In order to understand these
developments, certain topics must be investigated,
such as the impact of increased inflammation in
the body and the evolutionary factors behind this
relationship. Many of these impacts have implications
for other prominent diseases, which include cancer
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inflammation and diabetes.

The main mechanism that controls the
relationship between depression and inflammation
is the neuroendocrine system. Evidence shows
that through neuroendocrine mechanisms, major
inflammatory responses can promote the onset of
depression.Intheafferentnervepathway,cytokines(cell
signaling proteins) can activate afferent neurons that
send messages to the brain to secrete norepinephrine,
serotonin, and various other neurohormones and
transmitters that can cause depression symptoms
(Howland, 2019). In the humoral pathway, cytokines
are secreted by macrophages that are stimulated as
an inflammatory response. The cytokines can then
diffuse into the circumventricular organs of the brain
(Almond, 2013). Neural pathways can also stimulate
cytokine diffusion through the blood-brain barrier
into the hypothalamus through numerous transport

roteins. These pathways mentioned contribute to low
evels of tryptophan (a precursor to serotonin) and

glutamatergic agents, all of which result in excitatory
states throughout the central nervous system.
Depression, along with stress, has also been reported
tolead to multiple responses. Cortisol release stressors
has been shown to be intertwined with depression
and previous traumatic experiences. Individuals with
depression may have a softened response to stressors
compared to normally functioning individuals.
Additionally, researchers have found that debilitating
cognitive disorders can increase inflammatory
responses in depressed individuals (Strawbridge,
Young and Cleare, 2017). There is evidence that both
variables can promote the development of the other;
therefore, we can theorize that the relationship is

1. Bacteria and other pathogens ‘
#_ enter wound.

THE INFLAMMATORY RESPONSE

Blood platelets “" 2.Platelets from blood release

blood-clotting proteins at

crete factors that
de pathogens.

phils and macrophages
thogens by phagocytosis.

6. Macrophages secrete cytokines,
which attractimmune system cells
to the site and activate cells involved
in tissue repair.

7. Inflammatory r
until the foreign material is eliminated
and the wound is repaired. ‘

Figure 2: The multitude of inflammatory responses as a
result of pathogens or a wound. The general responses
show similarities to depression linked inflammation

(Biological Science 2e 2005).




bidirectional.

The direct relationship between inflammation
and depression has substantial implications for
disease development and prognosis. Chronic
inflammation, which is found in many clinically
depressed individuals, can resultin an increase in gene
mutations and higher risk for obesity, allergies, and
most importantly, disease (Dantzer et al., 2008). Type
IT diabetes mellitus has been linked to inflammatory
biomarkers that cause depression. Many depressed
individuals show inflammatory stimulation of the
hypothalamus-pituitary-adrenal axis (central stress
system) that produce catecholamine hormones that
subsequently promote insulin resistance found in
diabetic patients. In fact, in a study performed at the
University Hospitals of Leicester, a cohort of women
that displayed depressive symptoms also displayed
increased leptin and c- reactive protein levels (CRP)
found in individuals exhibiting a pro-inflammatory
response. There was also found to be higher overall
HOMO IR levels: abiomarker linked to diabetes found
in insulin resistant individuals (Webb et al., 2017).
Another study performed at the Hebrew University
of Jerusalem examined levels of cholinesterase: an
enzyme thatbreak down acetylcholine and can predict
inflammation and risk for disease. The figure below
demonstrates the team’s findings, which present an
elevated ratio of metabolic rate to resting metabolic
rate (MetS score), a key predictor of diabetes and
cardiovascular risk (Shenhar-Tsarfaty and Toker,
2016).
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Many of the biomarkers mentioned in both of these
studies are not just linked to diabetes. Increased
levels of inflammatory agents are an indicator for
susceptibility to a variety of diseases, including cancer
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(Smith, 2015).

Chronic stress response is a symptom in
depressed patients that promotes the release of
a cascade of hormones that have been found to
modulate tumor growth. For instance, hormones
such as cortisol and catecholamines can trigger the
activity of natural killer cells and lymphocytes. While
the complete mechanism is still not understood,
depressed subjects seem to have alterations in their

“Many depressed individuals show
inflammatory stimulation of the
hypothalamus-pituitary-adrenal axis
(central stress system) that produce

catecholamine hormones that
subsequently promote insulin resistance
found in diabetic patients.”

immune cell functions that normally operate to
suppress tumor growth (Smith, 2015). The differences
in treatment between clinically depressed and non-
clinically depressed cancer patients is currently being
investigated across many cancer specialties. With the
information we know about inflammatory levels and
depression, the interaction between antidepressants
and cancer-fighting therapies must be strongly
considered.

The question many of us may be pondering
is: how have humans evolved this inflammatory
response to depression? This response has strong
similarities to the “fight or flight” response involving
the release of epinephrine, commonly known as
adrenaline, to avoid predation. While there is no
immediate threat in the case to a depressed individual,
the subjects low self-esteem acts as an activator for
the release of cortisol and catecholamines (Miller and
Raison, 2016). Without exposure to a pathogen, these
hormones stimulate an inflammatory response, thus
causing a greater probability of developing depressive
symptoms and the other diseases already mentioned.
Intheory, the “fight or flight” response through natural
selection acts as a productive mechanism. However,
today we can observe the negative mismatch it has
on populations around the world (Miller and Raison,
2016).
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ach year, millions of Americans nationwide suffer

from mental illnesses such as major depressive
disorder and social anxiety disorder. The severity
of these illnesses’ clinical manifestations varies in
degree and poses challenges to clinical psychiatrists
who try to prescribe effective treatment combinations
individualized to each patient. Though patient care
based on genomic information in this particular
field is relatively new, there have been impressive
strides with recent advancements in molecular
medicine. In particular, new treatment approaches
based on cutting-edge genomic, transcriptomic, and
proteomic tools and refinements in understanding
pharmacogenomics are promising to revolutionize
the way psychiatric patients will be treated in the
near future. With an emphasis on more accurate
and personalized treatments, pharmacogenomics
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is now a promising component of antidepressant
treatments. From collectively reviewing the genomic
imprint of the pathophysiological basis of psychiatric
disorders, risk factor association in these illnesses,
and existing limitations in current treatment options,
pharmacogenomics-based treatment approaches can
suit individual patients and clinical practices.
Although an exhaustive list of psychiatric
disorders may impede classifying them based on
a single factor, broadly, they can be grouped into
schizophrenia, depression, bipolar diseases, and
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anxiety disorders. Among these, anxiety disorders
comprise several types, including generalized
anxiety disorders, panic disorders, and phobia-
related disorders. A comprehensive representation
of the types of behavioral disorders and symptoms
associated with them was provided by Stein & Stein
(Stein & Stein 2008), shown in Figure 1.

For a long time, diagnosis of depression
relied on the identification of several key symptoms,
including  emotional, = neurovegetative,  and
neurocognitive symptoms (Malhi & Mann 2018).
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Figure 2: Association of monoamine neurotransmitters
to behavioral traits in depression and anxiety.

(Palkhivala (2019)

None of these diagnostic parameters represented a
pathogenetic understanding of depression, therefore
depression was more defined as a disorder based on
symptoms forming a syndrome that cause emotional
and functional impairment. However, remarkable
progress in understanding the types of psychiatry
disorders in the last few years identified how genetic
predisposition, environmental triggers, allelic,
and epigenetic risk factors in the brain manifest in
differential penetrance among patients. Although
the incidence of risk factors for each anxiety disorder
varies, there are general risk factors that are associated
with all types of anxiety, such as exposure to mental
stress or negative environmental events in childhood
andadulthood, familialincidenceof mentalillness,and
as secondary complications of other health conditions
such as hormonal imbalance. Based on differential
diagnosis of these manifestations, treatments for
anxiety disorders followa general pattern thatincludes



psychotherapy, cognitive behavioral therapy, and
anti-anxiety medications (e.g. antidepressants and
beta blockers).

Inarecentarticlefrom University Health News,
Alison Palkhivala providedacomprehensive depiction
of how brain chemistry and neurotransmitters link
to behavioral outcome in people with depression
(Palkhivala 2019). In people with depression, the
levels of certain brain chemicals are thought to be
out of balance, particularly the neurotransmitters
serotonin, dopamine, and norepinephrine.

From existing limitations in treatments for
anxiety disorders, it is apparent that choosing the
right therapy and medication, dose, and treatment
plan is extremely important for treating patients with
anxiety disorders. Pharmacogenomics, or precision
medicine efforts, provide great hope to realizing this
dogma. According to the National Institutes of Health,
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Figure 3: (A) Identification of CYP2D6 genetic
variability by genome sequencing, predicted

enzyme activity and (B) pharmacogenomics-based
identtification of patient population for precision
medicine. (Leon-Cachon et. al 2012)

pharmacogenomics is the study of how genes affect a
person’s response to drugs (NIH 2019). As the name
implies, this new field combines pharmacology and
genomics to develop effective, safe medications and
dosesto tailora person’s genetic makeup for maximum
efficiency with minimal adverse effects. This field
of molecular medicine is highly promising because
unlike the current standard of care’s one-dose-for-
all approach, pharmacogenomics allows physicians
to consider the genetic makeup of each patient. By
making decisions based on genome sequencing,
clinicians can target specific functionalities of aberrant
genes and the consequences of these aberrations’
prognosis on patients’ present and future treatments.
Individual variability in drug responses for efficacy,
tolerability and safety are commonly encountered
limitations while treating psychiatric patients with
generalized drugs, based on demonstrated symptoms
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and patient history. The above limitations get further
exacerbated by patient factors such as chronic
illnesses, sex, age, ethnicity, and genetic variability.
Additional environmental factors including smoking,
and/or diet only further complicate the outcome
of drug efficacy (Crettol, De Leon, Hiemke & Eap
2014). The variability in drug response is affected
by pharmacokinetics, consisting of absorption,
distribution, metabolism, and excretion which cause

unstable plasma concentrations (Eap 2016). A better
understanding at the molecular level through genetic
imprinting is a promising way to bridge the gap
between drug non-responsiveness and consequential
side effects. Precisely, genomic sequencing of a patient
DNA will enable identification of polymorphisms in
either pharmacokinetic genes, which encode proteins
that affect drug blood levels, or pharmacodynamic
genes, that encode cellular receptor proteins involved

Translati value and impl on biomarker research
[ sech fox prodetive )
e \ blomarkere _,
N
\ ",n" \;,»
¥
] Uy A
/ ..\.l, g
o ey ‘A
v L
22
’ w
- \b
+
- ¢ 2 b(%\g‘,
O

Analysix of meleciler zethways shaping response: O wemvery of novel drug mechbim. |

in drug binding to target tissues.

Among pharmacokinetic proteins, the
members of the cytochrome P450 (CYP) family, a
group of proteins that function as major enzymes
involved in drug metabolism, account for more than
90% of all drug metabolism in the body (Geundrich
2008). Although more than 50 CYP enzymes have
been identified in humans, only a few of them
play major role in drug metabolism (Jaquenoud
Sirot, van der Velden, Rentsch, Eap & Baumann P



2006). From a psychiatric treatment perspective,
metabolism of psychotropic and analgesic drugs used
for symptomatic management of attention-deficit
hyperactivity disorder (ADHD) are influenced by
CYP2D6, CYP2C19, CYP2C9, CYP1A2, CYP2B6,
and CYP3A4. Among these, the CYP2D6 has
been identified to exert a strong influence on
pharmacokinetics of many psychotropic drugs.
Interestingly, a better understanding of molecular
genetics of CYP2D6 identified phenotypic variants of
the enzyme in activity, classified as poor, intermediate,
extensive, and ultra-rapid metabolizers. Genetic
determinants on functional heterogeneity among
CYP2D6 identified the existence of no alleles for the
poor version, heterozygosity with one active and one
inactive allele or two alleles with reduced activity
for intermediate phenotype, two wild-type alleles
for the extensive enzyme activity, and 3 - 13 copies
of gene amplification representing the ultra-rapid
enzyme variant (Bertilsson 2002). In addition to more
than 100 variants and invariants, single-nucleotide
polymorphisms (SNPs) have been identified for
CYP2D6 gene (Hicks, Swen & Thorn 2013). Variations
in enzyme function, based on allelic heterogeneity and
SNPs, result in altered pharmacokinetics of psychiatry
drugs, such as a higher risk of side effects in patients
with at least one nonfunctional CYP2D6 allele than
in those with two nonfunctional alleles (ibid Hicks
et. al 2013). Among psychotropic antidepressant
drugs studied so far as being strongly influenced by
CYP2D6 enzyme activity, drugs for ADHD such as
atomoxetine; antidepressant drugs such as tricyclics
(TCAs) or tetracyclics (TeCAs) that are serotonin
and/or norepinephrine reuptake inhibitors, selective
serotonin reuptake inhibitors; and antipsychotic
drugsrankhighly (Bertilsson 2010). These discoveries
led the Clinical Pharmacogenetics Implementation
Consortium (CPIC) of the National Institutes of
Healths Pharmacogenomics Research Network
to develop a detailed guideline for CYP2D6 and
CYP2C19 genotypes and dosing of TCAs (Bartilsson
2002; Bertilsson, Dahl, Dalen, & Al Shurbaji 2010).
Similar to CYP2D6, the CYP2C19 gene is also highly
polymorphic with more than 30 known variants,
and allele frequencies that are strongly influenced by
ethnicity (Kirchheiner, Henckel & Franke 2005). A
comprehensive illustration of principles in precision
genomic identification and predictive outcomes in
the application of pharmacogenomics of CYP2D6
genes was provided by Ledn-Cachon et al (Ledn-
Cachon, Ascacio-Martinez, & Barrera-Saldana 2012),
as shown in Figure 3.

Similarto pharmacokineticdrugapproach, the
use of genetic testing and precision medicine presents
more promise for preventing adverse drug reactions.
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The serotonin transporter system is the most studied
pharmacodynamics gene system. Because of the
common mechanism of many antidepressants that
causes them to bind to serotonin transporters, the
inhibition of the reuptake of serotonin by the serotonin
transporter results in drug efficacy (Coleman &
Gouaux 2016). Polymorphisms in the serotonin
transporter-linked polymorphicregion (5-HT-TLPR)
of the serotonin transporter gene (SLC6A4) have
been extensively studied. The long allele (I) of this
gene is associated with a twofold higher expression
than the short allele, and heterogeneity from this
allelic combination determines response to selective
serotonin reuptake inhibitors (SSRIs) based on race,
sex, age and at onset of depression modulating the
association (Porcelli, Fabbri & Serretti 2012).
Despite the hope and promise in
pharmacogenomics approaches for treating clinical
psychiatry patients, several challenges exist that
need to be overcome, such as ethical, legal and social
implications. Namely, these limitations include
issues with implementing the data directly into the
clinic, a lack of availability of cutting-edge molecular
diagnostic tools across care providers, inefficient
cost-effectiveness, limited availability of data from
evidence-based research since the field is still in
infancy, and inaccurate interpretation (Ma, Lee & Kuo
2012). Further, even progressions made in cutting-
edge precision medicine tools, including high-
efficiency whole genome sequencing platforms and
powerful bioinformatics algorithms and software,
have not translated easily to the clinic is because of
lack of clinically accessible biological and genetic
predictors for routine use in depression treatment. To
address these limitations, studies involving preclinical
animal models appear promising. In order to model
the heterogeneity of response to antidepressant
treatment in preclinical animals as in human patients,
three important considerations need to be met:
construct validity elements of similar depressive-like
behavior (Belzung & Lemoine 2011); face validity
elements in terms of anatomical, biochemical,
and neuropathological features similar to humans
(Nestler & Hyman 2010); and establish predictive
validity, focused on the ability of a preclinical animal
model to serve as a tool for pharmacological research.
One such study aimed at identifying neurobiological
mechanisms underlying response to antidepressant
treatmentidentified therole ofglucocorticoid receptor
in shaping response to antidepressants [(Herzog,
Beckman, Lieb, Ryu & Muller 2018); Figure 4].
Overall, examining the pathophysiological
basis of psychiatric disorders, analyzing risk factor
association in these illnesses, and noting existing
limitations in present treatment options allow



pharmacogenomics-based approaches to better
suit individual patients and clinical practices.
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Osteoarthritis (OA), also known as arthrosis,
is the most common cause of chronic pain
worldwide (Prakash, Gabdulina, Trofimov, &
Livshits, 2017). OA is “a disease characterized by loss
of articular cartilage, hypertrophic bony changes,
and inflammatory synovitis;” the fundamental
problem in OA is understood to be an imbalance of
cartilage homeostasis such that cartilage catabolism
exceeds cartilage anabolism (Wei, Lee, Wei, Qu, &
Zhang, 2017). Due to its prevalence and symptomatic
severity, healthcare costs for the treatment of OA
are quite high. The prevalence of OA among adults
aged 25 and older in the US is 13.9% (Plotnikoff et
al., 2015). 80% of individuals with OA experience
movement limitation, and 25% of people with OA
are unable to perform major activities of daily living
(Bliddal, Leeds, & Christensen, 2014). In the United
States alone, osteoarthritis yearly treatment costs are
in excess of $10 billion (Bliddal et al., 2014).

"In the United States alone, osteoarthritis
yearly treatment costs are in excess of $10

billion (Bliddal et al., 2014)”

Both age and obesity contribute to the
development of OA. These risk factors overlap in
the obese elderly population and cause high rates of
OA. A recent Korean study compared rates of obese
and non-obese elderly people having OA using odds
ratios. An odds ratio (OR) measures the association
between an exposure and an outcome (in this case, the
exposure is obesity, and the outcome is OA). An OR
of 1 means that exposure does not influence outcome;
ratios greater than 1 mean that exposure is associated
with higher odds of outcome, and ratios less than 1
mean that exposure is associated with lower odds
of outcome (Szumilas, 2010). In the Korean study,
elderly obese men had an OR of 1.54, and elderly
obese women had an OR of 7.64 (Jin et al,, 2017).
These statistics show the powerful effects of obesity
in a population already predisposed to OA. Since age
is not a modifiable risk factor in treatment, obesity
must be addressed as much as possible, especially
within the elderly population. Unfortunately, obesity
rates have skyrocketed in recent years: since 1980, the
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number of obese individuals worldwide has roughly
doubled. More than 35% of the elderly are obese in the
US (Bliddal et al., 2014).

Obesity is commonly associated with
cardiovascular disease and diabetes among the
American public, but its impacts upon joint health
cannot be ignored. Through research, obesity has
been linked to numerous adverse medical conditions,
including OA. If severe enough, the joint’s cartilage
can degrade until the cartilage fails to cover all of
the joint area and results in bone-on-bone contact,
causing considerable pain and lessened joint mobility
(Markenson, 2012).

Normal knee Arthrosis of the knee

Cardage

Due to the heavy impact of obesity on both the initial
development and progression of OA, researchers have
been turning their attention to measuring this impact
aswellastorefiningtreatmentsfor OA thatincorporate
consideration and adjustment of body weight. In the
US, healthcare practitioners measure obesity with the
Body Mass Index (BMI): a comparison of a person’s
weight over his or her height. A person is considered
obese by American healthcare standards if his or her
BMI is greater than or equal to 30 kg/m2
(Bliddal et al., 2014).

"The correlation between obesity and
osteoarthritis is quite strong: for each unit

increase in BMI a patient’s risk of knee OA
increases by 15%" (Duclos, 2016).




The correlation between obesity and osteoarthritis is
quite strong: for each unit increase in BMI a patient’s
risk of knee OA increases by 15% (Duclos, 2016).
However, correlation alone has limited usefulness
for treatment without supporting knowledge about
causation. The causative relationship is much more
complex than one may at first assume. Perhaps the
most intuitive link between the conditions is that
increased weight adds more mechanical stress to
joints, increasing the rate at which the joints’ cartilage
wears down. Each additional kilogram of body weight
adds six kilograms of load to each of a patient’s knees
(Duclos, 2016).

There are also many indirect ways in which
obesity affects joint deterioration, as is evident in
the fact that all joints—even non-weight-bearing
joints—can become arthritic (Prakash et al., 2017).
There is evidence that mechanical stress causes the
release of pro-inflammatory mediators from joints.
These mediators include cytokines such as IL-6 and
C-reactive protein. Such mediators likely cause in-
joint inflammatory reactions that lead to further
tissue stress. Obesity is also linked to other medical
problems such as hyperinsulinemia. Excessive insulin
levels may play a part in OA development through
their impact on insulin-like growth factor 1 (IGF-1)
(Bliddal et al., 2014). A recent study concluded that
IGF-1 reduces the loss of chondrocytes and maintains
matrix integrity by inducing the production of
cartilage matrix components, thus protecting against
OA progression. OA recently has been correlated with
a reduction in IGF-1 levels (Wei et al., 2017). Finally,
as a person gains weight, they acquire a greater total
mass of ectopic adipose tissue (the form of adipose
tissue related to weight gain), which induces both
local and systemic inflammatory responses through
the release of adipokines. At high concentrations,
adipokines can often lead to cartilage destruction
(Duclos, 2016).

To make matters worse, the impacts of obesity
and OA work to increase the severity of each other.
As a person gains weight, their body produces greater
muscle mass to help move the extra weight around,
but the rate of adipose tissue growth exceeds that of
muscle tissue so that the muscles become increasingly
inadequate in comparison to the weight they must
bear. As a result, mobility decreases, leading to even
greater weight gain and an increase of the impact upon
the joints (Bliddal et al., 2014). In addition, arthritis
leads to lessened joint mobility and considerable joint
pain, which both lead to decreased physical activity
and muscle atrophy. Compounding these factors,
obesity, joint deterioration, and physical inactivity all
result in inflammatory responses that further damage
joint tissues. All of these factors create a vicious cycle.
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Figure 2: The self-recreating cycle of physical inactivity,

obesity, and osteoarthritis.

Since obesitysostronglyimpactsjointhealth, reducing
weight can be one of the most important aspects of
OA treatment. A study by Bliddal et al. found that
losing 5.1 kg over a ten-year period reduced one’s odds
of developing symptoms of knee OA by 50%. The
standard weight-loss goal in OA patients in clinics is
aloss of 10% of their body weight (Bliddal et al., 2014).
Physicians typically regard successful weight loss in
patients as maintenance of the loss for at least one year
(Duclos, 2016).

Still, weight is hard to lose and harder to avoid
regaining. If a patients obesity leads to severe OA,
surgeries such as total hip arthroplasty (THA) or total
knee arthroplasty (TKA) will be considered. In these
operations, a patient’s joint’s surfaces are completely
replaced with artificial components. These operations
are becoming increasingly common as the need for
them is constantly increasing, and they are quite
effective. Studies indicate that the number of THAs
in the US soon will grow to 600,000 per year (Woo,
Cha, Park, & Kim, 2019). Most patients, regardless of
BMI, typically experience substantial improvements
in levels of pain and joint functionality by six months
after a total joint replacement (TJR) (Li et al., 2017).
In addition, techniques for TJRs are constantly
improving. One procedure currently under study is
primary minimally-invasive TKA. This procedure
uses smaller skin incisions and smaller soft tissue
dissections to yield comparable results as standard
TKA with less trauma to the patient’s body (Yoo, Oh,
Park, Kim, & Kim, 2018).

Despite modern procedures abilities to
repair joints in obese patients, obesity lessens the
effectiveness of the procedures and increases risks
for complications. Obese TKA recipients are more
likely to experience post-operative infection and
thromboembolicevents. Thisincreasedriskofinfection
is largely due to the fact that obese patients have high
rates of comorbidities (such as diabetes) that cause as



a weakened immune system or slower wound healing.
A causative relationship between thromboembolic
events and such obesity-linked comorbidities also is
likely (Werner, Evans, Carothers, & Browne, 2015).
In addition, the increased weight wears down the
artificial joints more quickly, increasing the chances
of the patient needing joint replacement revision at
some point in his or her lifetime (Pellegrini et al.,
2017). Another serious complication that can arise is
aseptic loosening: failure of the bond between a bone
and an implant. Obesity has been linked to primary
THA failure due to aseptic loosening within five years
after surgery (Goodnough et al., 2018).

After \

f Before

Figure 3: A pre- and post-primary total knee
replacement operation knee joint.

Despite the advances of modern medicine, the
most effective means of treatment still seems to be
weight loss through diet and exercise. Patients tend
to lose weight in the time surrounding a TJR surgery,
likely because surgeons encourage them to do so in
order to lower the risks of complications and improve
outcomes in terms of post-operative comfort and
mobility. A study by Pellegrini et al. found that 23%
of patients lose at least 2.5% of their body weight in
the time surrounding a TJR surgery. However, only
11% of patients lose weight following the TJR surgery;,
with the rest either maintaining the same weight that
they reached during the surgical period or returning
to their preoperative weight (Pellegrini et al., 2017).

Even with our recent advances in surgical
procedures, OA healthcare costs, patient pain, and
loss of functional movement will continue to rise
without tackling the ever-growing problem of obesity.
Truly, no aspect of human health can be completely
isolated from the others, and how we approach the
obesity epidemic will have a drastic impact not only
on the frequently discussed problems of diabetes and
cardiovascular health, but also on our very ability to
move: anecessity for maintaining a healthy and social
life.
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According to the Centers for Disease Control
and Preventions 2017 National Diabetes
Statistics Report, 23.1 million Americans are living
with diabetes, with an additional 7.2 million going
undiagnosed. Diabetes comes in two main forms:
Type I diabetes (T1), which is characterized by the
autoimmune eradication of pancreatic insulin-
producing beta cells, and Type II diabetes (T2),
which involves insulin resistance (Centers for Disease
Control and Prevention, 2017). Although T1 diabetes
onlyencompassesabout 5% of the diabetic population,
justunder 100 Americans are diagnosed with T1 every
single day according to statistics.

INSULIN THERAPY
ONLY EFFECTIVE
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T1 diabetes can be diagnosed atany age, yet the
illness is most commonly diagnosed in childhood or
adolescence. In addition to T1 diabetes, mental health
disorders most commonly emerge in adolescence
and early adulthood. As published by the National
Alliance on Mental Illness, “50% of all lifetime
cases of mental illness begin by age 14 and 75% by
age 24” In addition to mental illnesses developing
due to genetics and biomolecular imbalances, they
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can also emerge from poor lifestyle choices, such as
irregular sleep, poor diet, and substance use, as well
as from environmental stimuli, such as unsafe living
conditions and traumatic events (Walsh, 2011). For
instance, approximately 12% of T1 diabetics suffer
from major depression and another 25% suffer from
milder forms of depressive symptoms. Because the
incidence of diabetes and mental illness co-occur
most prominently in adolescence, the correlation
between the two conditions, as well as how college life
contributes to increased risk, needs to be examined.

"The diagnosis of a chronic illness,

such as diabetes, can greatly impact an
individual’s mental health"

The diagnosis of a chronic illness, such as
diabetes, can greatly impact an individual's mental
health, especially when conditions emerge in the
vulnerable time between childhood and adolescence.
Because blood glucose levels are based on
carbohydrate intake, diabetes management requires
patients to be hypervigilant of timing meals and
predetermining macronutrient quantities in order
to regulate blood glucose levels rather than eating
based on hunger and satiety. Whether it be syringes or
pumps, diabetes requires insulin injections for blood
glucose regulation. Seeing as insulin propagates fat
storage, many T'1 diabetics gain weight as a result of
treating their autoimmune disease and soon discover
the relationship between weight loss and restricted
insulin intake (Larrafiaga, 2011). Due to heightened
difficulties with maintainingideal weight, T'1 diabetics
are known to be more self-conscious about their
weight compared to their non-diabetic counterparts
(Larrafaga, 2011).

Although eating disorders can emerge in all
demographics and at any point in life, they are most
prevalent in young women from Western populations



where thinness is a beauty ideal and dietary
restraint and calorie-counting are common practices
(Larrafaga, 2011). In fact, 20 million American
women and 10 million American men suffer from
an eating disorder at some point in their lives (Wade,
Keski-Rahkonen, & Hudson, 2011). Because diabetes
management can provoke distress regarding food
intake, body image, and weight, this can manifest
as diabulimia, an eating disorder characterized by
restricted insulin intake for weight loss purposes.
Of those with T1 diabetes, about 38% of females
and 16% of males have eating disorder behaviors
(Hanlan, 2013). In addition to fear of weight gain from
proper insulin therapy, women, in particular, were
found to restrict insulin intake as a result of elevated
diabetes-specific stressors, fear of hypoglycemia, and
overall psychological distress. When insulin intake
is restricted, various physiological complications
can arise: dehydration, breakdown of muscle tissue,
diabetic retinopathy, neuropathy, vascular disease,
ketoacidosis, ketosis, high risk for infections, and even
death (Larrafiaga, 2011). Similarly to how the chronic
illness of diabetes can provoke psychological distress,
these related complications of improper insulin
management can worsen emotional health in diabetics
as they experience physical health deterioration
(Larrafaga, 2011). Physical and psychological health
are directly related, and when one deteriorates, the
other usually follows. External stressors, such as
acclimating to college, are often what provoke such
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Figure 2: Proper attendance to glycemic control is
essential for promoting the greatest quality of life for
T1 diabetics, and diabetics in general. When insulin

therapy is neglected, various physical complications
can arise - some even fatal - that also can provoke
the development of psychological distress or even
disorders.

health degradation.

Whether or not students are diabetic, all
incoming college students face a variety of challenges
that come with transitioning into a new institution,
environment, and lifestyle. Whether it is creating new
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relationships, managing new schedules, deciphering
personal identity, or weighing which new experiences
are worth pursuing, many students--especially in
the beginning--can feel overwhelmed, uncertain,
or distressed about their new life. Based on a 2007
comprehensive health survey of approximately 10,000
college students from Minnesota, 27.1% percent of
students have been diagnosed with a mental illness at
some point in their lives, with another 15.7% having
been diagnosed within a year prior to the study

(University of Minnesota, 2007).

For T1 diabetics college students, there are
additional obstacles. Depending on the institution,
glycemic control can deteriorate through lack of
access to health food options, decreased physical
activity, and the inconsistent schedules of students
who are balancing academic classes, clubs, and social
life (Monaghan, Helgeson, & Wiebe, 2015). Although
diabetes affects a significant population of youths,
a recent survey has shown that only 51% of four-
year undergraduate institutions in the United States
could provide on-campus resources for diabetes care
(Lemly, Lawlor, Scherer, Kelemen & Weitzman, 2014).
Because the development of depression is so prevalent
in college students, a T1 diabetic and depressed
college student could lose proper regimens for self-
care and insulin therapy as a result of deteriorating
mental health. If diabetics lack resources and support
in managing glycemic control, the discomfort may
provoke unhealthy means of lowering their blood
glucose levels or dealing with emotional distress. In
addition to developing diabulimia or other eating
disorders as a means of portraying control in one’s
life, T1 diabetics may also become victim to the most
prevalentproblemamongstcollegestudents:substance
use disorders. According to the 2012 National Survey
on Drug Use and Health, “..the rate of current use of
illicit drugs was 22.0 percent among full-time college
students aged 18 to 22” (NSDUH, 24). Although only
about 5% of college students meet the criteria for
substance abuse or drug use disorders (Blanco, 2008),
20% of college students are frequent binge drinkers
and 25% of college students also relate drinking to
academic consequences like missing classes or alower



grades (White, 2014). Due to the regimens they must
maintain to have proper glycemic control, T1 diabetic
adolescents are more vulnerable to the consequences
of the inconsistent and erratic lifestyles of college
students and, thus, require more constant medical
support and resources from their institutions in order
to avoid developing or worsening mental health issues
that could compromise their physical health as well.
Diabetes is an autoimmune disorder that is
prevalent globally. T1 diabetes emerges particularly
in adolescence and young adulthood, a time that is
vulnerable to hormonal, emotional, and physiological
changes. Whether it is puberty or the disruption of
routine and regularity that comes with transitioning
into college life, T1 diabetics are just as susceptible,
if not more so than their non-diabetic peers, to
developing psychiatric disorders that can compromise
their glycemic control and overall physical health.
With factors like new responsibilities, erratic and
inconsistent daily agendas, and experimentation
through relationships and substance use, college
students are faced with a lot of disruptive change that,
for T1 diabetics, can prove to be even more dangerous.
T1 diabetics should feel confident and secure that they
have the resources and support to maintain proper
insulin therapy and healthy lifestyles that promote
both a high quality of life but also help ensure low risks
fordiabetes’physicaland psychological complications.
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The Neuroscience Behind Social Network

Site Addiction
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Every second, six new Facebook profiles are created,
amounting to 500,000 per day (“Facebook:
global daily active users 2018”). Unsurprisingly, the
emergence of social media technologies, such as
Facebook, has allowed humans to amass a rapidly-
expanding network of relationships. Today, social
media users can interact with millions of new
profiles, bridging communication and connection
for companions across the globe. However, the first
humans interacted with a mere 150 individuals in
one’s entire lifespan, and it is hypothesized that our
brains are not fit for the thousands of interactions we
may have today (Gluckman, et al., 2016). Advances
in technology have therefore brought repercussions,
including onset of addiction. Recently, scientists have
attempted to identify the dynamic between the advent
of social media and the neuroscience behind addiction
disorder, and the observations, with changes in brain
structure and reward pathways, are striking.

Since the development of the DSM-10, there
have been 157 officially-diagnosable mental illnesses
recognized in the United States (McCarron, 2013);
among them are addiction, postpartum depression,
bipolar disorder, and eating disorders to name few
(“Online Assessment Measures”, 2018). Interestingly,
some of the symptoms of addiction, including “pre-
occupation and craving, loss of alternative interests,
social retreat, tolerance, withdrawal,” have been
identified with social media usage (Miiller, 2015).
Likewise, the University of Bergen in Norway has
found a positive association between the Big Five
personality traits of Neuroticism and Extraversion
and social media addiction (Andreassen, C. S., et
al, 2012). In 2016, a research study performed at
Nanyang Technological University in Singapore ex-
plored the link between addiction and social media
usage with a similar study. Accordingly, there are
about 2.03 billion active social network site (SNS)
users worldwide, and “SNSs excessive use” and
“SNSs addiction” are two phenomenon thought to
have problematic consequences, such as lack of sleep
or delayed bedtimes. This study found that adoles-
cents, particularly those with high levels of neuroti-
cism and a need to belong, were prone to facing such
results, while highly extroverted adults were also
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positively associated with these variables (Ho, 2017).

From the psychological perspective to the
biological, scientists have found parallels
between the same neurological pathways
in social media usage and addiction.

The addictive pathway in the brain occurs
mainly in the limbic system, particularly with the
amygdala (Meshi, et al: 2019). By exploring areas of
the brain implicated in social media usage, scien-
tists have found similarities in brain function and
pathways between addiction and SNS. For example,
Meshi and colleagues report that “the striatum and
amygdala are smaller in both excessive SNS users
and substance abusers” (Meshi, et al: 2019). A study
at Michigan State University found that, similar to
substance abusers and addicts, those with excessive
social media usage also exhibit impaired decision
making and a propensity towards risky behavior
(Meshi, et al: 2019).

Social media usage not only affects decision
making, but also may correlate with depression and
SNS. A study conducted at Lancaster University
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found that even after controlling for confounding
variables such as socioeconomic status and gender,
significant associations persisted between depres-
sion and social media usage (Baker & Algorta:
2016). Although the relationship is indubiously
complex, there have also been explanations made for
the benefits of social media and its protective factors
against depression, such as the potential to establish
online supportive networks.

The brain’s reward pathway is not the only
surprising difference for social media users; the
brain morphology amongst users has been found to
be distinct. In the amygdala, the gray matter volume
for excessive social media users was found to be
reduced, as seen in Figure 3. This can possibly be
explained by fewer neurons in a smaller amygdala,
leading to faster responses to conditioned stimu-

li, a possible outcome from notifications with SNS
(He, Q. et al, 2017). Another study in Germany
found significantly higher activity in the nucleus
accumbens in those with an increased frequency
of Facebook usage over a five week timespan. There
was no such finding for the amygdala or the hippo-
campus, two structures also involved in the reward
pathway, which acted as controls to detect signifi-
cant activity in the nucleus accumbens (Montag, C.,
et al, 2017).

To make the comprehensive connection
between neuroscience and social media usage,
scientists must draw on diverse fields from anthro-
pology to cognitive sciences. The motive for social
media is, ultimately, to create, build, and resume
relations while maintaining one’s reputation: users

27

can post information, photos, and experiences with
one another while sending and receiving messages,
comments, and likes.

Researchers in Princeton University have
found specific parts of the brain that are involved
with social media usage, and they have found con-
tributions to negative performance in academics,
occupation, and wellbeing (Meshi, D., et. al, 2015).
This burgeoning field of research is essential as

technology and the Internet continue to expand.

As such, the links between personality and exces-
sive social media usage have captured the interests
of neuroscientists, who have mapped brain areas
linked with the reward pathway, addiction, and SNS
usage. Perhaps, it is useful to remind ourselves of life
before such advancements in order to fully study the
effects of social media.
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In an increasingly globalized world, the acquisition
of a second language has become a crucial asset.
According to a survey conducted by the European
Commission in 2006, about 56% of the world’s
population know more than one language (Marian
and Shook 2012).

Bilinguals can be defined as those who may
have chosen to study another language and those
who have been exposed to two languages in the early
or later stages of their life (Guadalupe). With the
interest in how neural networking of monolingual
and bilingual individuals differ, research studies
have often emphasized whether the second language
learning acts as an advantage or a disadvantage.
Despite arguments regarding the advantages
and disadvantages of bilingualism, the inherent
differences between the bilingual and monolingual
brains must first be established.

More than one language is perceived as an
interference to language processing. A study tested
both monolingual and bilingual speakers in their
linguistic abilities through a wide range of tasks in
one’s first language. Results showed that bilingual
speakers have reduced speech fluency and tend to
produce fewer words when given syntactic tasks
that require in-depth knowledge of vocabulary
(Costa and Galles 2015). Monolinguals tend to have
a greater breadth of knowledge about the syntactical
choices of words that are needed to better represent
what they are trying to say. Moreover, bilinguals tend
to suffer more from “tip of the tongue” situations, in
which they are essentially unable to express the exact
word(s) they are thinking (Costa and Galles 2015). If
metaphorically comparing this to multitasking of the
brain, it is logical to argue that switching from one
language to another may lead to a more superficial
understanding of the first language, essentially
disabling the speaker from full comprehension or
full communication in either language.

fMRIscansofbrainssuggest thatbilingualism
simply initiates different neural activations, which
may lead to dissimilar performance in a given
verbal task. Having to discriminate the appropriate
language to use depending on the linguistic
community of the speaker, listener, or interlocutor,
bilingual individuals utilize nonverbal cues. The
most prominently used cues are facial cues. Ina 2013
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study, Li, Yang, Scherf, and Li investigated the role of
the race of a face in the lexical activation of the brain
through fMRI. In a picture-naming task, bilinguals
who spoke Chinese and English and monolinguals
who only spoke English first saw either the face of
an Asian or a Caucasian and answered a series of
naming events in either language. In incongruent
language-naming pairings, monolingual and
bilingual individuals activated different areas of their
brains for language processing. Primed with Asian
faces and asked to name in English, the more active
brain areas of bilinguals were the left inferior frontal
gyrus, bilateral cingulate gyrus, right caudate, and
occipital regions (responsible for eyesight). On the
otherhand, theright prefrontal cortex, righttemporal
regions, bilateral precuneus, and right supramarginal
gyrus were more activated for monolinguals. These
regions are mainly concerned with somatosensory
and complex cognitive behaviors. In the opposite
incongruent situation, bilinguals had a decrease in
prefrontal and parietal activity and an increase in
the right inferior posterior temporal area activity
whereas monolinguals demonstrated no particular

Nareing i English

ne- obrg e N

Asian Face w{z

<ian Face 3
Asian Face mﬁ#

L S

Caucasian m ¥

Faca &,

No Face

change from the prior condition (Li et al. 2013).

In another fMRI study with English
monolinguals and Spanish-English  bilinguals,
results demonstrated that “while monolinguals
recruit perceptual areas in early and late childhood
to process native speech, bilinguals recruit perceptual
areas in early childhood and higher-order executive
areas in late childhood to process non-native speech”



(Archila-Suerte et al. 2012). The results reject the
conventional beliefthat the second language interferes
with the bilingual individual’s ability to process the
first language. Facial cues were thought to promote
the native language by fixating one’s brain on the
specific culture and linguistic contexts which inhibits
the fluency of the second language (Zhang et al. 2013).
In fact, facial cues amplify the processing of the first
language in both bilingual and monolingual groups
(Li et al. 2013). The focus is not on the advantages
or disadvantages that the second language brings.
The bilingual and monolingual speakers display
contrasting neural activities that indicate that their
brains function and process language differently from
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Monolingual individuals exhibit more neural activity
for the native language in younger ages while
bilingual speakers have more activity later in life for
the second language.

each other.

As for bilingual and monolingual speakers
and their susceptibility to neurodegenerative
diseases, bilingual speakers tend to have different
characteristics of their brains that allow them to react
to neurodegenerative diseases in a different manner
than monolinguals. A study by Duncan et al. has
shown that bilingual speakers tend to have greater
brain plasticity and increased amounts of gray matter
(Duncan et al. 2018). Moreover, bilingual speakers
are not less susceptible to the disease, itself, but
are more likely to to develop the disease later on in
life. A study conducted by Perani et al. showed that
while the current mechanism is unknown, bilingual
speakers have neural activity that delays the onset of
neurodegenerative diseases (Perani et al. 2017) This,
again, shows that the differences between bilingual
and monolingual speakers restin their different neural
activities and does not necessarily give monolinguals
or bilinguals an advantage over one another.

Whether monolingualism or bilingualism
produces more wired brains have continuously been
a topic of discussion. Language acquisition and

sustainability are seen to be less common in bilinguals
as they are able to communicate in multiple languages,
but not to the full extent in either separate language.
However, brain scans of these individuals all point
at the varying neural activations which may explain
the contrasting outcomes in different studies. While
brain plasticity has shown to be greater in bilinguals,
the only evidence shows that neural activities differ,
not that bilinguals truly have a mechanism to fend off
neurodegenerative diseases. Nonverbal cues produce
enhanced language processing in both monolingual
and bilingual individuals; however, more areas of
bilingual brains are in activity to process the second
language. Similarly, monolingual speakers utilize
more brain areas earlier in life, but the brains of
bilingual speakers exhibit more activity in older ages
in order to operate a second language. Depending on
what the task requires, monolingual and bilingual
speakersmay demonstrate higher performancesdueto
dynamicdifferencesin theirneuroanatomyand neural
feedback activities. Rather than making conclusive
statements on the advantage of speaking one or more
languages, more attention should be placed on how
the contrasting activations of brains correlate to the
various processing of diverse information.
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Inflammation: A Dietary Approach

Y

heumatoid arthritis (RA), inflammatory bowel

disease (IBD), and asthma all have one thing in
common — inflammation. Today, 1.3 million adults
in the US suffer from RA and in 2015, 3 million adults
in the US were suffering from diagnosed IBD (CDC,
2016). In 2014, the estimated cost for IBD treatment
in the US was between $14.6 and $31.6 billion(Mehta,
2016).

Inflammation itself is not always a cause for
concern. There are two kinds of inflammation—
acute (short term) and chronic (long term). While
acute inflammation is an essential part of the healing
process, chronic inflammation can lead to many of
the health conditions plaguing people today, like RA,
IBD, and asthma.. Treatments for these conditions
(including corticosteroids and the newer biologic
class of medications) are targeted at the symptoms
of inflammation rather than the underlying cause
(Mayo Clinic, n.d.). In an attempt to better under-
stand the cause of chronic inflammation and au-
toimmunity, researchers have begun to look at our
diets. There is a growing body of research suggesting
that plant-based diets may play a role in reducing
chronic inflammation.

A cursory glance of recommended diets by
nutritionists for people suffering from IBD or RA
shows an overwhelming shift towards veganism or
vegetarianism. The American Society of Nutrition
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recommends a diet that is abundant in fruits and
vegetables so as to increase the polyphenol con-
tent, soluble fiber and omega-3 to omega-6 ratio in
the diet. (Dimitratos, 2019) This recommendation
stems from large-scale longitudinal observational
studies including the Women’s Health Initiative
Observational Study and Multi-ethnic Study of
Atherosclerosis Study (MESA) (Dimitratos, 2019)
(Women’s Health Initiative Study Group, 1998) (Ma
et. al, 2008) . That said, clinical trials have shown
mixed results with respect to the effect of vegetarian
or vegan diets on inflammatory conditions. In one
study, a total of 604 adults who were either referred
by primary-care physicians or self-enrolled (and
who were not necessarily patients of chronic inflam-
matory disease), followed a vegan diet consisting of
fruits, vegetables, nuts, seeds, legumes and grains for
an average of 19 days. Dietary supplements, animal
products and by-products were excluded from the
diet. C-reactive protein (CRP), a marker of acute
and chronic inflammation, was measured before and
after the dietary intervention. Study subjects showed
a significant reduction in CRP after the dietary in-
tervention compared to baseline, as seen in Image 2
(Sutliffe et al., 2015).

rl“imc period CRP risk category 1
Low risk Moderate risk High risk
n (%) n (%) n (%)
Pre-intervention 204 (33.8) 175 (29.0) 225(37.3)
Post-intervention 286 (47.4) 163 (27.0) 155 (25.7)

A summary of the Sutliff et al. study showing reduced
C- reactive protein after incorporating a vegan
diet and other lifestyle changes. The different risk

categories refer to the following: CRP <1 = Low Risk;
1.0-3.0 = Moderate Risk; and >3.0 mg/dL = High Risk
for developing cardiovascular disease.

A limitation of this study is that CRP was
the only marker tested, and more direct measures of
systemic inflammation (IL-6 and TNF-alpha) were
not included. Additionally, the study participants



also made other lifestyle changes including a regular
sleep schedule and mental health counseling, both
of which could have contributed to decreased CRP
levels.

In another study published in the Scandi-
navian Journal of Rheumatology, 16 patients with
RA selected at randomly underwent fasting for 7-10
days, followed by a 9-week period on a lacto-vege-
tarian (included dairy) diet. At the conclusion of the
diet period, all patients were re-evaluated using ob-
jective criteria. Only one out of 16 patients showed
objective improvement. On a whole, no significant
differences were found between the diet and non-di-
et controls. However, this study had a small sample
size and the dietary intervention period was relative-
ly short.(Skéldstam, Larsson & Lindstrom, 1979)

In a two-part study, researchers observed RA pa-
tients who did a vegetable fast for 7 - 10 days, fol-
lowed by a gluten-free vegan diet for three and a half
months, subsequently followed by a lacto-ovo-veg-
etarian diet for nine months (includes dairy and
egg). “For all clinical variables and most laboratory
variables measured, the 27 patients in the fasting
and vegetarian diet groups improved significantly
compared with the 26 patients in the control group
who followed their usual omnivorous diet through-
out the study period” One year after the patients
completed the trial, they were re-examined. Com-
pared with baseline, the improvements measured
were significantly greater in patients who had pre-
viously benefited from the diet than in diet non-re-
sponders and omnivores. Further, the researchers
were able to demonstrate that clinical improvements
were not due to changes in psychological charac-
teristics, antibodies against food antigens, or alter-
ations in prostaglandin or leukotriene precursors.
The authors made another interesting observation:
a change in fecal microbiota in patients with clinical
improvement compared to patients without clinical
improvement. (Kjelson-Kragh, 1999).

Le Leu et al. (2013) reported that dietary red
meat aggravates colitis, whereas starch attenuates
inflammation in a colitis mouse model. In the case
of IBD, a considerable amount of data exists con-
necting diet-induced changes in gut micro flora to
the development of disease. In a small-scale obser-
vational study of adult patients with Crohn’s disease,
Chiba et al. (2014) reported excellent relapse pre-
vention associated with consumption of a semi-veg-
etarian diet, and the authors attributed the disease
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to imbalance of gut micro flora and dietary metab-
olites. They concluded the importance of adhering
to plant-based diets in patients with Crohn’s disease
as well as other inflammatory conditions. Howev-
er, what exactly was happening in the microbiome
remained unexplored.

a )

N\

The mechanism by which a plant-based
diet and the resultant changes in the gut microbi-
ome may influence inflammatory disease remains
largely unknown. Recent research has revealed that
the chemical butyrate may be a key player in the
inflammatory pathway. Butyrate is an end-product
of fermentation by gut microbiota on fermentable
fiber. It controls human dendritic cell maturation,
which in turn is important for maintaining ho-
meostatic immunity. Additionally, butyrate inhibits
adipocyte-macrophage inflammatory interactions
(Minihane et al., 2015). A diet which is high in fiber
may increase the level of butyrate, hence reducing
chronic inflammation.

Extensive research has revealed that a plant-
based diet may reduce inflammation and improve
symptoms in patients suffering from chronic inflam-
matory conditions like RA and IBD. More research
on the composition of the microbiome and factors
that influence and change it, as well as other possible
effects of following a plant-based diet are needed to
understand how these may be utilized to reduce, or
even prevent, chronic inflammatory diseases.
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