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In All Crowning Glory: College Students’ Oral 
Behaviors  
By Brianna McDonagh          D.U.Quark 2022. Volume 6(Issue 1) pgs. 3-7 
Published December 5, 2021                                                         Staff Article 
 
 

College students all over the world constantly struggle with the pressures of 

stress and high expectations, which may cause them to stray from their normal 

routines. Course load pressures can build up during intense times during the semester, 

like during midterms and finals. One of the first things that students forgo during 

intensely stressful times is health. Dentists and other health specialists have studied 

college students’ healthcare habits and the resulting health issues they have 

encountered. Oral health is a huge part of determining overall health, so this is 

something that has interested me personally. To conduct my research, I decided to take 

to social media with a variety of polls. The polls asked about the health behaviors of 

college students’ (ranging from undergraduate freshmen to graduate students).  

The polls resulted in 203 participants that answered the following questions: 

(Q1) Do you brush your teeth twice a day?  

             (Q2) What kind of toothpaste do you use? 

             (Q3) Is your oral routine consistent?  

(Q4) Do you use whitening strips?  

(Q5) When did you last visit your dentist?  

(Q6) How many times a week do you feel stressed?  
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(Q7) How many hours of sleep do you get a night? 

 

Listed below are the results from those questions.  

Questions:  Yes No  

Do you brush your teeth twice a day?  136 37 

Do you use whitening toothpaste or cavity prevention?  179  24 

Do you use whitening strips?  77 126 

Are you consistent with your oral routine?  158 45 

Did you recently see your dentist?  132 71  

Are you stressed 3 or more times a week?  138 75 

Do you receive 6 or more hours of sleep in a night?  168 35 

 

All of these questions point toward a correlation between our health and 

receiving adequate hours of sleep, self-care during stressful times, and treating our 

teeth correctly. Focusing on dental hygiene, the duration of time brushing your teeth, 

the number of times your teeth are brushed, and products used are important 

determinants to keep in mind.  In particular, using whitening strips can damage your 

teeth, which is something people may be unaware of. In a society where looks are 
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everything and social media runs rampant, we are in a state of comparing every part of 

ourselves to those of others (1). Although whitening strips can help achieve a whiter 

smile, it does damage the protein at the bottom layer of the tooth called collagen. The 

collagen breaks into smaller fragments, which causes various oral issues. Dentists 

advocate for patients to ask about other alternatives to whitening or asking about 

treatments that can prevent tooth sensitivity or other problems.  

The importance of choosing the proper toothpaste may be another concern that 

is not fully understood among the public. Some toothpastes may promise whitening, 

cavity prevention, or promotion of gum health; however, it is important to be aware of 

the possible outcomes that may arise from these variations. For example, whitening 

toothpastes can contain abrasive materials that may wear down the enamel, thus 

causing sensitivity. Being aware of this information, one is able to combat issues by 

using a soft-bristled toothbrush and making sure to brush gently. Similarly, some cavity 

prevention toothpastes can have high concentrations of fluoride, which may result in 

fluorosis and discoloration of the teeth. On the other hand, neglecting to brush your 

teeth at least two times a day can damage teeth via cavities or more serious 

complications. Sometimes life happens and we may be forced to skip brushing 

sessions, but it is important to remember that leaving your teeth unbrushed overnight 

results in leftover bacteria that can cause plaque buildup and result in cavities. 

Continual neglection of oral routines can cause gum disease, tooth decay, or other 

infections.  
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It is important to be aware of what you use to care for your teeth and how 

consistent you are with your routine. Increasing the level of attention to your teeth will 

allow for a better sense of self-esteem. Also, concentration on oral health helps lower 

the risks of chronic health issues (1). Having minimal care for your teeth can increase 

the chances of not performing well in the classroom, missing days of school, and having 

poor habits (2). Even when life gets stressful, self-care is incredibly important in 

maintaining physical health. 
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You Can’t Handle the Tooth!: College Students’ 
Favorite Drinks Are Attackers to Oral Health   
By Brianna McDonagh                     D.U.Quark 2022. Volume 6(Issue 1) pgs. 8-13 
Published December 18, 2021                                                       Staff Article 
 
 

We have all waited in line for coffee or another type of caffeinated beverage to 

wake up for 8 a.m. lectures, to carry us throughout the day, or to give us an evening 

pick-me-up. Student-athletes can be seen drinking energy drinks or sports drinks after 

practices to remain focused throughout the day. Almost all of us have been reliant on 

caffeinated drinks at some point, but why is it worth mentioning? Well, these kinds of 

drinks can be detrimental to your dental health, especially if you do not brush 

consistently! 

Because caffeinated drinks are so popular, a survey was performed to determine 

the crowd favorites among college students. According to 290 undergraduate and 

graduate students who completed the social media survey, the most popular 

caffeinated drinks of choice are coffee, Redbull, Bang Energy, Diet Coke, Mi0 Energy 

Enhancer, and various Starbucks products. Popular sports drinks are Gatorade, 

Powerade, and Celsius. This poll also asked students to disclose their water 

consumption (in liters) throughout the day. 

 We have established the popularity of caffeinated drinks, but why should 

consumption be monitored? Drinking caffeinated drinks, especially coffee, can both 

stain your teeth and cause damage beneath the enamel. Leaving teeth unbrushed after 
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consuming coffee can erode the enamel and cause plaque buildup (2). Plaque’s residue 

promotes bacterial growth between the teeth, which causes oral disease or cavities (4). 

Other popular caffeine choices like RedBull, Mi0 Water Enhancer, Diet Coke, or 

Starbucks products have low pH levels, indicating that they are acidic. The acidity of 

these drinks will erode the teeth’s enamel and expose the dentin underneath. Once the 

dentin is exposed, it can create many issues, one of the most common being tooth 

sensitivity (3). Drinking beverages with pH levels of 5.5 or 8.5 is more beneficial, such as 

water or tea.  

 Sports drinks have a similar effect as caffeine. One of the most popular sports 

drinks on college campuses is Gatorade. Gatorade, like other sports drinks, lowers the 

pH normally found in the mouth (1). Adding sugar and altering the pH of the mouth to 

be more acidic will permit cavities, tooth decay, and erosion of the enamel (2). This is 

not to say that sports drinks are not beneficial when used correctly. Sports drinks’ main 

purpose is to quench thirst, limit dehydration, supply electrolytes, and increase saliva 

flow. All of these components prevent cavities.  However, if the beverage is consumed 

too often, it can be harmful to the teeth.  
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 The results of the social media questionnaire that was provided to students 

indicated that some college students may be abusing these sugary drinks. 50% of the 

290 students consume a sugary drink one to two times a day, 30% drink sugary drinks 

once every other day, and less than 20% drink sugary drinks once every other week. 

These drinks can be enjoyable, but we have to consider the frequency of drinking them. 

Simply moderating the consumption of these drinks can prevent oral health and health 

risks (diabetes, tooth decay, cavities, etc.).  

These drinks can be safer when paired with food or water. Eating food promotes 

saliva buildup that acts as a buffer to protect the enamel against sugary or acidic drinks. 

Water dilutes the drink and provides the same protection against enamel degradation. 

Water can also act as a natural cleanser by rinsing the teeth after consumption of 

something else. Statistically, 71% of the 290 students drink just 2 liters of water in a 

day, 14.9% of students drink 3 to 4 liters of water in a day, and 3.8% claim to drink less 

than 2 liters. Some students (10.3%) barely drink any water during their day. The U.S. 
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National Academies of Science, Engineering, and Medicine deems 3 to 4 liters is 

sufficient, which is only accomplished by 14.9% of the students. This is worrisome. This 

means that 85.1% of students are drinking less than the recommended amount, with 

14.1% drinking far below the bare minimum. Water is a necessary part of living and it 

should be consumed as recommended because it helps keep the mouth healthy, acts as 

a natural mouth cleanser, and washes away unwanted bacteria.   

 

From an economic standpoint, water would be the cheapest choice for college 

students to purchase rather than a $5.00 cup of coffee or $6.00 energy/sports drink.  It 

also happens to be the healthiest choice. Water remains the best option, especially to 

drink in the morning to help keep the mouth from going dry and to dilute any fruit 

juices or coffee you might drink in the morning to keep the pH levels balanced.  



 

12 
 

In essence, when consuming acidic beverages, eat something with them or drink 

water afterwards if you cannot brush right away. Also, remember to be consistent with 

brushing and flossing as this will help further defend the teeth!  
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Brace Yourselves: College Student’s Eating 
Habits Effects on Oral Health  
By Brianna McDonagh      D.U.Quark 2022. Volume 6(Issue 1) pgs. 14-18 
Published January 10, 2022                                                     Staff Article 
 
 

Let’s be honest, we all have either slept through or forgotten to set our alarms. 

These close calls mean the possibility of being late to a meeting, class, or practice and 

may lead to students skipping meals for the sake of time. Although skipping meals 

doesn’t bode well in any situation, students on campus are seen snacking between 

classes to fuel their bodies through the day. Snacking is helpful in certain instances, 

such as preventing hunger until the next meal, fueling the body and brain, and curbing 

cravings (3). Some snacks are better than others, however, as the cons associated with 

sugary snacks outweigh the benefits. Sugary and starchy snacks break down the 

natural bacteria in the teeth and allow the acids from the food to dissolve the enamel 

(2). Recalling the last article, drinking something, like water, helps balance out the 

acidic environment brewing in the mouth. It can be annoying to remember to wash 

down your snacks with water or to find time to brush in between eating, but it helps 

restore the mouth to its natural pH. Occasional sweet and starchy snacks are not bad, 

but they should not turn into a habit (2). Moderation of these snacks, while enjoying 

healthier snacks most of the time, is key. Healthier alternatives to consider are dried 

fruits, raisins, carrots, celery, apples, cheese, yogurt, nuts, rice cakes, or peanut butter 

(1). These snacks are not only healthier options for dental health, but they contain a lot 
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of nutrients that benefit overall health (1). Furthermore, savory and salty snacks are a 

grey area, as it depends on the number of artificial sugars present in these foods (3). 

The best thing you can do is be aware of what you are eating and when you are eating 

it. What does skipping meals or frequency of snacking have to do with oral health? The 

frequency of eating (or snacking) is an important factor of oral health, in addition to the 

types of foods being eaten throughout the day. What we eat and when we eat are two 

incredibly important topics to consider when discussing the health of our mouths.   

To track the eating habits of college students, polls with questions that discussed 

preferred snack types and inquired if students are prone to skipping meals throughout 

their days were created and sent out to 300 answering students. To put the data 

collected from the polls into context, students were also asked to specify whether they 

are vegetarian, vegan, gluten-free, or have no preference. All of these components 

influence snacks, eating habits, and oral health.  
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The pie chart above encompasses the 300 college students' snacking habits 

throughout their day. Based on the data, it seems to be an “almost even” split between 

snacking frequencies and the decision of drinking something or not. Understanding 

that some students probably do not have the time to grab a quick snack due to 

schedules and the same could be said of being able to grab a drink. The students who 

recorded that they drink and snack a few times a day may almost need to snack due to 

schedules, commitments, and prevent hunger until their next meal. Snacking frequency 

is also related to meal jumping, which is a common thing for college students.  

Skipped meals can be caused by many factors such as time, school work, or a 

lack of options that cater to the student’s needs. The graph below illustrates the most 

commonly skipped meals.  The survey asked about the student’s dependency on the 

dining hall. This dependency includes what type of meal they would have, or even eat 

anything at all. The 178 college students who answered “yes” possibly represent a 

portion of these numbers. This number of students can also represent those who have 

dietary restrictions. Out of the 300 college students that answered the survey, 24 of 

them are vegetarians, 11 vegans, 10 gluten-free, and 225 of them have no specific 

needs. Thus, if students, like the ones who have dietary needs, are skipping meals or 

not getting large enough portion sizes, they might rely on snacking. Depending on 

what they are snacking on, and the frequency of snacking, dental health may suffer at 

the hands of this diet. Eating snacks frequently (less than an hour or two between  
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consumptions) can cause tooth decay (1). It is important to be aware of snacking habits. 

The importance of this is not to discourage snacking or steer anyone away from 

their preferred snacks, but to serve as a reminder about brushing or even drinking water 

to rinse away any acidity lingering on the surface of the tooth. Furthermore, putting in 

the effort to keep up with a normalized meal schedule will aid in dental health. It can be 

difficult for college students, and even student-athletes to keep up with a normal meal 

schedule, but it will improve overall health. Good snacks for breaks between meals 

contain minimal sugar and low sodium to try to maintain the neutral pH in the mouth! 

Most importantly, try to aim to get three meals a day! It can be annoying and difficult 

with the schedules of college students, but it benefits your brain, oral health, and 

overall well-being.  
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Generating the Power of Microbes How 
Microbial Metabolism May Solve Water and 
Energy Shortages  
By Anna Vietmeier                   D.U.Quark 2022. Volume 6(Issue 1) pgs. 19-28 
Published March 28, 2022                                                                        Staff Article 
 
 

On ancient Earth, water was the most likely place for life to begin, and water is, 

arguably, one of the most critical and undervalued resources we have [1, 2]. For life on 

Earth, water is essential, as it makes up 60% of our bodies as the main component of 

cells, tissues, and organs [3]. Freshwater resources include lakes, rivers, and 

groundwater [4]. Unfortunately, in the twenty-first century we are facing issues that 

stand in the way of fresh water quantity and quality. More than a third of the world’s 

population does not have access to safe drinking water, which is further exacerbated by 

the waste and uneven distribution of water resources [1, 4]. One way that water can be 

wasted is through inefficient irrigation of crops and leaky water pipes [1]. Water quality 

is impacted by increasing pollution due to growing urban populations and industrial 

waste discharge [1]. 

Chemical water pollutants can be macropollutants (measured at milligrams per 

liter), or micropollutants (measured at nanogram or microgram per liter 

concentrations) [4]. Macro scale water pollutants can be added via human activities 

such as crop fertilization and irrigation and road maintenance in snowy conditions. 

When fertilizer macropollutants, such as nitrogen and phosphorus, run off into the 
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watershed, they increase the nutrient concentrations in water, which leads to the 

production of biomass, depletion of oxygen, and toxic algal bloom formations [4]. The 

use of road salts for road maintenance and 

excessive irrigation of crops lead to an 

increase in salt concentrations in water, which 

inhibits crop growth and makes the water 

non-drinkable [4]. 

Due to the low concentration of micropollutants, it can be difficult to assess their 

effect as their toxic impacts are typically subtle chronic effects and not acute [4]. 

Inorganic pollutants in water include heavy metals, which are especially troubling as 

they naturally cycle through different chemical oxidation states that are subsequently 

associated with different toxicity levels [4].  

In addition to the pollution of drinking water, we are also experiencing a global 

energy crisis [5]. Fossil fuels, including oil, gas, coal, and uranium, are projected to be 

nearly depleted in 55-75 years [5]. The overuse of fossil fuels has also propagated other 

environmental concerns such as CO2 emission and thermal pollution, both of which 

increase the rate of climate change [5]. There is a desperate need for alternative fuel 

sources as fossil fuel concentrations decrease, global demand for energy increases, and 

the impacts of human driven climate change becomes more evident [6]. The 

replacement of fossil fuels with other energy sources can counter greenhouse gas 

production that is the leading cause of climate change [6]. Alternative greener sources 
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of energy production include solar power, 

hydropower, and wind power. According to new 

scientific research, microbes may be another 

source of green energy. 

Microbes are microscopic organisms that 

can be found just about everywhere. Microbes 

can include fungi, algae, and bacteria. Microbes adapt to their environment, and in 

doing so, have evolved a multitude of ways to generate energy to drive their 

metabolism: a multitude of 

microbial products and 

byproducts. Microbes are 

capable of generating energy, 

treating contaminated waters, 

and producing products due to 

their electron transport and 

carbon metabolism 

capabilities [7]. Microbial 

biomass and microbial 

biological waste can be used 

as renewable energy/fuels [6]. 
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Microbial Biofuels 

Due to the metabolic diversity of 

microbes, they are capable of producing biofuels 

from a variety of substrates or reactants [6]. 

Biofuel may be a sustainable carbon-neutral 

energy source that would be compatible with current engine technology [8]. A wide 

range of bacteria have been found capable of creating a range of biofuels (Figure 1) [7]. 

For instance, bacteria can easily convert sugars into ethanol. Cyanobacteria and 

microalgae can photosynthetically reduce atmospheric CO2 into biofuels, while 

methanotrophs can use methane to produce methanol [6]. Microbial production of 

ethanol has been reviewed extensively, with the most commonly used organism being 

Saccharomyces cerevisiae, Zymomonas mobilis, and Escherichia coli [8]. Microbial 

pathways have been found that can generate molecules that are similar or identical to 

those found in gasoline [8]. Use of lignocellulosic biomass (wood, agricultural, or 

forestry wastes) to generate biofuel via microbes involves the conversion of 

monosaccharides to target molecules [8]. With increased research in regards to the 

microbial physiology and pathways involved in producing biofuels, microbial 

engineering can be used to advance the uses of microbes to generate biofuels [8].  

Microbial Energy Production 

Bioelectrochemical cells, cells that produce a chemical electrical gradient, have 

gained interest for their applications in bioenergy, bioremediation, and bioelectronics 
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[9]. Bioelectrochemical cells generate 

bioenergy from organic biomass in 

wastewaters [6]. Metabolic potential 

of microbes through electron transfer 

in microbial metabolism has a direct relationship to redox reactions that are used to 

remove contaminants from solution and generate electricity [7]. Microbes have the 

ability to respire (breathe) metal by using the electrons from environmental metals to 

power their electron transport chain for energy production [7]. Bacteria that are 

capable of carrying electrons beyond their cell walls are capable of interacting 

electrically with their environment [7]. Electrons can either be removed or applied from 

an external circuit or source [7]. Electrons that move beyond a cell wall can be 

transferred via soluble mediators or with solid surfaces [7]. To aid the movement of 

electrons out of the microbial cell and into the environment, microbes have evolved pili, 

also known as nanowires,with metallic-like conductivity  [9]. Nanowires can be used for 

centimeters long range electron transport, which on a microbial scale is a large distance 

[9, 10]. Nanowires can also move electrons to and from other species through 

interspecies electron transfer and insoluble electron acceptors [9]. Microbial fuel cells 

are devices that generate electricity from microbial catabolism that utilize organic 

compounds [11]. Microbial fuel cells use integrated anode and cathode chambers [11]. 

Electrons generated during microbial oxidation of organic compounds are transferred 
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to the anode of the microbial fuel cell, thereby generating an electrical current and 

energy (Figure 2) [11]. 

The remediation for contaminated drinking water may help in releasing some of 

the burden associated with the energy crisis. Several emerging microbial 

electrochemical technologies utilize interactions between electrodes and bacteria for 

the production of energy, 

treatment of waste and 

wastewater, bioremediation, 

and the production of valuable 

products [7]. Microbial fuel cells 

are an alternative energy source 

that have an excellent ability to produce electricity while removing pollutants [5]. 

Microbial fuel cells are promising for sustainable energy production and simultaneous 

removal of heavy metals from soil and water [5]. Bioremediation is one of the most 

favored sustainable means of treating contaminated sites, as it is renewable and cost-

effective to treat contaminated soils and sediments [10]. 

One of the challenges for producing biofuels is using microbial factories to 

generate a large amount of fuel on a comparatively low budget with a greater efficiency 

as compared to conventional fossil fuels [6]. We have a current need for microbial fuel 

cells that can be scaled to support widespread and cost-effective applications and a 

better understanding of the physical properties of potential biofuel molecules [8]. 
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Some biofuel properties still need a better understanding of their sustainability and the 

purification process [8]. Continued research on metabolic engineering for the 

production of bulk chemicals and biofuels can hopefully aid in the large-scale use of 

biofuels and bioenergy in the future [8]. 
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Into the depths: Climate Change Part 1   
By Felicia Bedford                                D.U. 2022. Volume 6(Issue 1) pgs. 29-35 
Published April 29, 2022                                                                                        Staff Article 
 
 

Note to the Reader- my name is Felicia and I am a Biology major who is very curious about 

different cultures, and also the fate of our Earth. I will be writing a series of articles on 

climate change as it pertains to different geographical locations. This one is the first of 

several. Please stay tuned for the rest of the series. 

I could feel the droplets of rain hitting my face, yet, through the clouds, there 

was a hint of sun in the sky. On this journey, I have seen the most magical creatures and 

places. Europe- a place of great tourism, great wonders of the world, and nature with 

such beauty that it could take the breath right out of your lungs. I ventured here in 

search of answers about the climate crisis. I hope to find them through the people and 

the research that has been conducted in the countries of the United Kingdom. I 

currently find myself in the Scottish Highlands. The mountains are jagged, framing the 

dark gray sky, and pieces of them laying all over the ground at my feet, wiped away by 

the great force of water that comes down daily. The rivers and lochs are often flooded 

with the intensity of it. Over the last few days, I heard the stories of this land from the 

locals- how it has changed and how, in many ways, it is still exactly the same. It is their 

traditions that maintain the sentiment. I spoke with one older man and he told me, 

“The waters are changing lassie.”  I have heard stories back in America about the 

intense raincover of the UK. I now presume that a changing climate is the main reason 
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for this.  I will be learning more about what is happening here, and  I intend to venture 

to Ireland and England to discover what climate change and intense rain has done to 

the other lands of the United Kingdom.  

Scotland:  

After investigating the area, learning more from the locals, and conducting some 

research of my own, I have learned a great deal about the climate of Scotland. The 

mountains, along with being beautiful, are the predominant regulator of the Scottish 

climate. Most shifts in climate can be attributed to what is happening in the mountains. 

Waterflow determines the quality of soil, which overall affects the moors and plant life. 

Scotland has always been known for its great deal of rain, but excess rain and runoff is 

having detrimental effects on those things below the mountains.  

In 2019, the Climate Change and Marginalized Communities Workshop declared 

that Scotland is in an officially declared climate crisis (Climate). The outcomes of this 

announcement are slow-moving. There is a significant knowledge gap between 

policymakers and the people to determine the best course of action to combat climate 

change (Climate). It is also noted that there is an increased effect of climate change on 

marginalized communities and wildlife here. The increase in flooding and the rising 

temperatures are posing great risks to marine life in particular. They seem to be drifting 

north to the cooler regions (Soil). The people of these regions face the harsh reality of 

the heat and rain, as they are the ones most exposed to the elements. I can’t help but 

wonder if this is an effect that spans far beyond the borders of Scotland.  
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Ireland: 

The next place I ventured to was Ireland-  a heavier tourist destination than 

Scotland, especially during this time of year, as it approaches St. Patrick’s Day. While 

Scotland has its highlands and lochs, Ireland has cliffs with water encasing the bottom 

ridges in vibrant shades of blue. As I stare at the Cliffs of Moher, I look out into the 

endless juts of stone, and I see the water lapping up against it in white foam. Similar to 

Scotland, Ireland is changing just as greatly. The people here speak of the heat and the 

subtle deterioration of their beloved mountains and rivers.  Since 1980, Ireland has 

warmed 0.5 °C (Sweeney). For those who don’t follow the metric system, that is almost 

33°F. If one were to think about the difference between a snowy winter day and a 

summer day, that would be approximately the amount that Ireland has warmed over 

the course of 30 years. These changes also have great impacts on the water systems in 

Ireland with increased risk of flooding and drought (Sweeney). The heavy precipitation 

in Ireland can also be attributed to the increased temperatures, and it has been 

determined that the average amount of rainfall per year is increasing (Steele-Dunne). 

The amount of rainfall has increased within the ballpark of a 10% increase in average 

yearly rainfall, which equates to about 8 inches in total (Beament).  During this 

research, I also found there was an answer to my question about the effects on locals as 

one source says, “adaptation, however, is proving to be a complex concept to gain 

public acceptance (Sweeney).” This seems especially true from what I have seen from 

the people so far. 
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England:  

 The last stop on my United Kingdom journey is England. With its many palaces 

and buses lined down the busy streets, England remains the most heavily toured of all 

the countries in the UK. Current research focuses mainly on the impact of climate 

change on water systems. I walked along the murky brown canals lined with a filmy 

green algae substance, another consequence of the heat. My ongoing question was 

addressed in England as well as it seems they are making great strides toward 

waterway management solutions (Lorenzoni). This, as well as the knowledge these 

locals have about their own climate, shows me greatly that they are being educated 

about ways to solve the problem. There is also information on the effects of global 

heating on crops in England and Wales. In one scenario, the increase in carbon dioxide 

would actually be beneficial for the crops planted at an earlier time in the season 

(Semenov). However, this scenario does not take drought into account. Expected 

droughts will cause lower crop yields, specifically with wheat - a major farm crop in 

England (Semenov). Droughts will also cause rivers in England to flow at a higher rate 

during the winter and at a lower rate in the summer (Arnell). This has also been 

prevalent among the farmers who I have talked to here, all mentioning great trouble 

with their crops in the past few years.  

Reflections:  

The rainy countries of the UK are slowly drying out. In this experience, the heat 

and the rain were the most notable aspects of this trip. If the trend continues, it will 
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begin to have major impacts on the plants and the way of life of the people who live 

here, people who I have developed a great care for upon meeting. The next leg in this 

journey is to explore Asian countries and compare the effects of climate change on 

those countries to those here in Europe. I end my time in Europe with a walk around the 

waterways of England and with a shudder, I ask myself, “how did this happen?”. I fear 

there may be too many answers to that question.  
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Into the depths: Climate Change Part 2   
By Felicia Bedford                                D.U.Quark 2022. Volume 6(Issue 1) pgs. 36-41 
Published April 29,2022                                                                        Staff Article 
 
 

Dear reader,  

Welcome back to the next segment of Into the Depths! In the last article, we talked about 

the effects of climate change on the countries of the United Kingdom. In this article, I will 

be exploring some Asian countries to see the impact climate change has on those regions. 

Stay tuned for the rest of the series where we will explore many more countries! 

 

India:  

In the country of grand palaces and bustling cities, I stand with my arms folded 

staring at the mounds of garbage in the streets. This global powerhouse is in danger. A 

study conducted by the University of Wuhan and several other Asian universities state 

that Asian countries are the most vulnerable to climate changes in the world (Bhuiyan). 

They studied several countries over an extended period to determine this (Bhuiyan).  I 

look up at the dark gray sky and realize that it will soon be monsoon season. The 

monsoon season in India typically lasts from June to September, which is when they 

receive 90 percent of the year’s precipitation (Halpert).  This flooding and subsequent 

drought have a great impact on the lives of the people who live here (Halpert). Due to 

climate change, there has also been a significant loss of biodiversity, meaning that 
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species that enrich the biological diversity are dying (Bhuiyan). The natives have told 

me the stories of the lost scale trees, which are recently extinct.  

India is the most populous country in the world. That alone has an impact on the 

environment. Because of this large population, there is decreased access to water, 

which affects the climate as well (Cronin). There have also been significant effects on 

the aquaculture that is impacted by the large population, aquaculture being the life 

cycle of aquatic fish and plants (Bhuiyan).  Fish are a main component in most Asian 

diets. This country is in danger of being destroyed, but also destroying itself. I am very 

worried about the people of India, and how their country can recover from such a harsh 

reality. On the next leg of my journey, I will be traveling to a significantly smaller 

country in the northern region of Asia.  

Mongolia:  

I stand now in a deep valley surrounded by mountains with the occasional jutting 

tree. There are cattle roaming the green, and their owners’ yurts can be seen for miles. 

Mongolia is very much a country of villages and farmers (Marin). However, the capital 

of Mongolia, Ulaanbaatar, has over 1 million residents (Population). This population 

increase in Mongolia is causing economic disparity, which is increasingly prevalent 

among the farming population, since most people choose to live in the cities. The Asian 

Pacific Journal of Public Health also notes an uptick in depression rates due to this 

disparity (Batbold). Government research in Ulaanbaatar has shown that by 2050 there 

will be a water scarcity due to the increased water usage (Dalai). This is the same 
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government, however, who does not have enough regulations in place to protect 

against these issues. The water that does fall as rain has quick evaporation rates, and, 

as it doesn’t fall often, the amount of groundwater is also very low (Dalai). I feel an 

increased urgency for the farmers I have met facing these hardships. It is my hope for 

changes in water dispersion in order for more people to have better access to it.  

Philippines: 

The last leg on this journey takes me to the islands of the Philippines. So far, it is 

proving to have the most beautiful sights. I am standing on the white sand beaches 

looking up at the rolling hills and out at the vibrant blue ocean water. This country also 

has unique pink sand beaches that are equally as beautiful. It has always been a dream 

of mine to see these beaches. There are also many impressive forests in sight, too, 

which are a main source of oxygen in this area (Lasco). Additionally, these forests are a 

large source of lumber for the islands. Because of this, the risk of deforestation is 

extreme (Lasco). This country also has several instances of heavy rainfall with monsoon 

potential. The trends calculated over several years show that, although there are 

monsoons, the number of days without rain is increasing every year (Cruz). This 

decrease in rainfall per year can also have an effect on agriculture (Cruz). This change in 

rainfall is also changing the overall temperature of the countries in Asia, which is 

dramatically increasing (Villafuerte). The Asian climate is relatively similar to the 

previously mentioned Asian countries, meaning that they are facing climate crises 

caused by dramatic rainfall, as well as increased temperature. The beauty of this 
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country greatly hides what lies underneath: deforestation, hydrology issues, and a 

dramatically increasing temperature.  

Reflections:  

Now, my Asian journey has concluded. Looking back at the time I spent there, I 

realized that, like the UK, these countries are in serious trouble. They are all plagued 

with climate disasters such as monsoons. The farmers in these countries are having 

increased environmental and ecological challenges each year as the climate continues 

to change. There are few changes in place to correct these issues, meaning these 

changes will become more dramatic. In the next leg of my journey, I will be traveling to 

countries in Africa to contrast what is happening in dryer, hotter countries. I look back 

at the photographs I took with the locals here in Asia and recall all the kind people who 

guided me around these countries. I am determined to find a way to help them by the 

end of this journey.  
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Into the depths: Climate Change Part 3   
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Dear Reader,  

The saga continues. Into the Depths returns with another harrowing tale of climate justice. 

In the last article, we discussed the ever-changing climate and disastrous monsoons of 

Asia. This time, we journey to the hot deserts of Africa where I intend to explore exactly 

what is happening here. As always, stay tuned for the next segment of Into the Depths!  

 

Libya:  

Although this journey is perilous and has shown great sorrows in regard to the 

world's climate, there is still much left to do. Today, I have ventured to the countries of 

Africa. This climate is unlike any of the ones previously experienced. The mountainous 

sand dunes and lack of water consumes my thoughts, and the sweltering air makes me 

panic slightly for lack of drink.  

I begin this journey in the country of Libya, where increasing temperatures have 

brought great change in the last decade. Although the typical ecosystem here is desert, 

the increase in temperature has depleted underground water stores (Bindra).  

Another great impact on the ecosystem due to the heat is the changes in vegetation 

and flora. Although this ecosystem is made up primarily of sand and rocks, there are 

some rather beautiful plants I have seen since arriving. The most intriguing is by far the 
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pomegranate blossom with its explosion of pinkish-orange petals escaping from the 

stem. The surrounding branches bear the large fruit. I have come to find that this is 

actually the national flower here. I smile as the sweet aroma fills my nose. These 

flowers, as well as many other plants, are at great risk for extinction due to the heat. 

Research from the University of Tîrgu Mureş notes that Libya has at least 41 

endangered plant species (Bindra).  

In the same regard, another source notes the lack of understanding about plants 

in this region (Saaed). This comprehension is the groundwork that must occur in order 

to successfully revive this land and help the plants that are endangered here. I hope 

that I can help the people of Libya learn about the effects of climate change and 

understand why they are seeing such great change in their plants and temperatures. At 

present, Libyanshave more pressing dangers of war and dislocation. If only they knew 

the climate crisis poses an imminent threat to their complete way of life.  

Ghana:  

From Libya, I made the journey to Ghana, a country with beautiful pops of color 

and hidden metropolises. One can even spot palm trees on the major walks. The people 

here prove to be incredibly hard workers, carrying heavy loads in the sweltering heat. 

With this increased population, the effects of a failing climate are more easily 

recognized. In this region, it is the farmers who make up a vast amount of the 

population, and with a great knowledge of the land, they are the primary interest of 

many studies (Yaro).  
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Because of this increased level of studies on farmers, it has been shown that they 

have faced a great impact due to climate change (Fosu-Mensah). A study conducted in 

the region showed that 92% of the farmers interviewed have witnessed an increased 

temperature, while 87% witnessed decreased precipitation (Fosu-Mensah). This greatly 

impacts the farming region, and farmers are attempting to adapt in order to maintain 

their crops.  

The Department of Economics in Ghana also conducted a study to see how 

climate change is impacting money and consumerism in the region. This study projects 

that the increase in temperatures will have effects on the ocean and fishing practices. 

Desertification is also expected to increase at a rate of 20,000 hectares per annum 

(Asante).  

This country is dependent on its farmers, and they have been pioneering the 

research being conducted here on climate. Farmers have been an invaluable resource in 

research, and they provide invaluable food for the country as well. It has been an honor 

getting to know them.  

Botswana:  

The final step of my African journey is to travel south, nearly to the tip of the 

continent. In Botswana, elephants freely roam and trees poke up out of the red sand. 

There are also a great deal more waterways visible. I hope to illuminate what is 

happening here as well as the other African countries we have already explored.  
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One study conducted with the University of Botswana showed the two main crops of 

this country, maize and sorghum, are expected to have a decline in yield at a rate of 

36% and 31 % over the next several decades, respectively (Chipanshi). This study takes 

account of the expected increase in temperature as well as the high evaporation rates 

and lack of water (Chipanshi). In addition, it was noted that changes to the plants 

spatially are occurring due to increased temperature (Jonnson). Thus, the soil and the 

plants themselves are undergoing great change due to the changing climate.  

In addition to these uncertain climate conditions, it has been noted that the 

rainfall patterns in this area are incredibly unpredictable (Batisani). Although semi-arid 

climates such as Botswana always vary greatly in their yearly rainfall, it has been 

discovered that new climate stressors are having serious implications on farming 

communities. It has also been noted that to help these people, policy needs to be 

adapted by the government to regulate the response to these environmental changes 

(Batisant).  

Reflection:  

Overall, the people here have been incredibly gracious, welcoming, and 

incredibly joyful.  Their culture is rich with tradition andI am honored they have 

welcomed me. After uncovering the great changes that are occurring here, I can see 

how these changes impact the economy and the livelihood of these people, especially 

the farmers. They are the ones that predominate the market here. In the last leg of this 

journey, I head back to my home in North America. There, I will explore the countries 
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within it, and compile all of this data to show how each continent I have visited is 

changing. I hope that, after showing the research, people may begin to believe in these 

devastating changes.  
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Dear Reader,  

It saddens me to say, this is the end of our fifteen week long journey together. I have 

greatly enjoyed the chance to tell my gruesome tale of climate injustice. I hope, after 

covering the four mainstream continents affected by climate change, that I was able to 

teach something that you may not have known. I am grateful to you for taking the time to 

read these journeys, and for doing all you can for our climate.  

With gratitude,  

The writer 

 

Mexico:  

The sweltering heat fills my lungs, and my feet are planted firmly in the sand. 

The locals of Cancuún are incredibly gracious, and offer me plenty of gifts upon my 

arrival. I have been to Mexico one previous time and - I remember someone telling me 

not to worry about rainstorms. It isn’t until now that I realize why. Mexico has 

increasing temperatures that are causing high levels of evaporation (Liverman).  

One study conducted in the region analyzed what the result of these changes 

will look like in 100 years. The researchers found that overall temperature increases are 

to be expected, although the northern portion of the country can be expected to 
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increase more (Cuervo-Robayo). It was also noted that the amount of rain is expected 

to increase (Cuervo-Robayo).  

When a storm rolled in, it was gone just as quickly. The intense amount of rain 

that fell, was gone from the ground just as quickly. Cancúun has palm trees, and on 

every rock I can spot at least three iguanas. I also notice upon waking that every single 

morning, the same men are on the beach scooping large piles of seaweed, cleaning up 

the beach. After reading a bit deeper, I have determined it is due to a process called 

eutrophication. Because of the increase in ocean temperatures, the ocean vegetation is 

growing at an increased rate (Laurent). This is just another great change due to the 

changing climate.  

In the next step of my journey, I will be traveling to a climate that varies greatly 

from Mexio’sthis one. I am incredibly sad saying goodbye to these people, but I know 

that furthering this research will help them in the end.  

Canada:  

In the land known for its cold, snowy winters, there are several issues related to 

climate change occurring here. I stand in the remarkable boreal forest among the trees, 

the small towns interspersed within them are filled with people. These people are 

incredibly happy here, however, in a study. But, in one study I found conducted in the 

Jjournal of Ttoxicology and Eenvironmental Hhealth, climate change is making the 

people here very sick (Charron). Due to increased temperature and precipitation, E.Coli 

infections are running rampant through the population due to changes in the water 
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(Charron). This is present from ground water that people are consuming due to 

overgrowth of bacteria (Charron).  

Although I do not find that I love the cold, I cherish it, because I know it is not 

forever. Also, looking around at this leafy forest, I am curious about the future of the 

trees here. An article in the International Journal of Wildland Fire states that the 

changing climate will have great impacts on the forest fire activity in this country. It will 

completely alter the overall structure of these forests, and fire occurrences will increase 

at a rate of 25 % by 2030 (Wotton).  

There is one piece left to this climate change puzzle, and it requires me to travel 

to one of the most politicized places for climate change.  

United States:  

It feels great to be home, but unfortunately, there is still a great deal of work left 

to do. In the U.S., climate change has become a rather political issue. Because of this, 

there is a great deal of opposition to new climate initiatives. In a letter to Ccongress, the 

state of the climate was laid out in great detail. This article mentions there will be great 

changes in ecosystems, farming, and oceans (Environmental).  

There is a method used in research to determine the likelihood and severity of 

climate crisis. These indices are the Climate extremes index, and the U.S. Greenhouse 

factor (Karl). It was also noted that the government does not utilize this data to its 

fullest extent (Karl).  
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These greenhouse gasses are expected to increase dramatically. The effect of 

this is increased ocean and mean global air temperatures (Scavia). CO2 levels are also 

expected to rise due to greenhouse gas emission. Shockingly enough, deforestation in 

the Amazon is perpetuating this problem (Medvigy). This shows that in all the places I 

have visited on this journey, they are all in a way connected. Each place affects the 

next.  

Sadly enough to say, my home is in great danger, and we are the root of our own 

problem. I walk in my front door, drop my bags on the floor, and immediately pull out a 

book that was read to me as a child. It’s about all the animals and plants that are 

changing. I realize this was the beginning of my fight to solve this problem. Even 

though I haven’t solved anything yet, I know, I will continue this fight. I hope that this 

journey will inspire others to read more, look more, and maybe even care more.  
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Abstract 

Greenhouse gases (GHG), specifically methane, carbon dioxide, and nitrous 

oxide, contribute to eutrophication and global warming. Large amounts of these gases 

are released by beef and dairy farms. The misconception is how and why greenhouse 

gases are emitted from cows. It is hypothesized that greenhouse gas emissions from 

cattle can be reduced through mitigation strategies in beef and dairy production along 

with farmers’ contributions to their livestock’s emissions. The reduction of emissions 

and increase in milk production comes from increased activity and care of the cows, 

including medicating lesions and diseases. It is also concluded that waste management 

and records of emissions support the general public in renewable energy, better quality 

beef and dairy for sale, and a reduced progression of global warming. These results can 

add to future methods for climate control, alternatives to beef and dairy, and farm 

maintenance of all livestock. 

Keywords: mitigation, enteric fermentation, methanogens, biogas, cattle lameness, 

carbon footprint 
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Introduction 

Greenhouse gases (GHG) contribute to climate change by depleting the ozone 

layer and changing the planet’s environment. Some of these gases are emitted from 

dairy and beef farms due to biological functions of the cattle. Methane, nitrous oxide, 

and carbon dioxide are the most common greenhouse gases released from cows1; 

methane comes from the release of gas during digestion while carbon dioxide and 

nitrous oxide are found in manure1. Cows contribute to GHG emissions in the 

agricultural industry due to rumination. They digest complex starches with a natural 

process of fermentation in their rumen called enteric fermentation2, resulting in the 

highest impact on methane production in the gastrointestinal tract. Problems also arise 

in the lactation process of dairy cows3 and the intensive growth of muscle in beef 

cattle1. Cattle in farms that are fed a main diet of grain increase emissions from 

rumination and lead to reduced muscle production4. While this diet may be cheaper and 

easier for the farmer, it leads to health issues and lack of activity for the cows, resulting 

in conditions like subclinical mastitis and foot lesions. These health issues in the cows 

increase GHG emissions and impact global warming and the environment overall. 

The future of the atmosphere, temperature, and water conditions on this planet 

depend on reduced greenhouse gas emissions and a reduction in the environmental 

hazards of mass production of beef and dairy5. Almost 40% of carbon dioxide emissions 

in Latin America are due to their cow pastures1. Some solutions to mitigate these 
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emissions are available for farmers, including a carbon footprint calculator and milk 

recording. These tools can help current farmers understand their own impact to GHG 

emissions and assist scientists’ future research developments of more useful mitigation 

strategies and possible ways to raise cattle with reduced GHG emissions. The future of 

this research can also include developing alternatives to beef and dairy that may reduce 

the demand for cows and result in a healthier lifestyle for the livestock. There are gaps 

in the field regarding the measured GHG in the atmosphere, along with the recorded 

emissions from the farms themselves. The technology to study cattle emissions is 

limited, and thus prevents accurate studies of GHG emitted worldwide. It is essential to 

reduce these emissions to prevent a higher concentration of GHG in the atmosphere. 

Source of the Gases 

Of all greenhouse gases emitted by dairy cows on farms, 62-65% of emissions 

are reported to be methane from digestion1. Cows have a complex digestive system 

which involves their rumen, the first compartment of their stomach where enteric 

fermentation occurs, as seen in Figure 1. Methanogens, a species of microbial gut 

bacteria, live in the rumen and are responsible for fermenting plant material and 

producing methane6. While many farmers find it cost-effective to use a grain-based 

diet, it is more harmful to the cows and the environment. A diet consisting of primarily 

grains or complex carbohydrates increases methane release. A cow’s digestive system 

is built to break down omega-3 fatty acids and simple starches in grass, but the 
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introduction of grain, including corn and soy, to their diet has only lengthened the 

process of digestion and led to an increase in the release of methane7. Due to increased 

digestion time, beef cattle experience a reduction in muscle production since most of 

their diet is broken down to methane4. The methanogens impact the digestion process, 

which limits the food contribution to muscle growth and an increase in methane 

release. 

 

Figure 1. Anatomical Description of GHG Release. This diagram accentuates the 

major areas of the cow’s anatomy that are directly affected or contribute to GHG 

emissions. The utters and toes indicate diseases and medical treatment for milk 

production and lameness, shown in green. The mouth explains the strain of a grain diet 
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and complex carbohydrates which lead to the rumen/stomach, which shows the enteric 

fermentation that produces methane7 shown in blue. The muscles depict the effects of 

complex starches and the vital production of muscles for profitable beef1. The last 

section of the cow is its rectum, the source of manure and release of methane through 

gas expulsion2 shown in purple. The sections of the cow’s anatomy have been 

segmented based on their impact in GHG emission. Image altered 

from https://commons.wikimedia.org/wiki/File:Interior_of_a_cow_from_The_Househol

d_Physician,_1905_(14147237759).jpg 

One solution offered was isolating the genome sequence in methanogens and 

working on modifying it to release less methane during enteric fermentation6. Through 

modification, this would allow for cows to continue to eat grains and release less 

methane while digesting. Another solution is for farmers to treat their cows in an 

ethical way. This is crucial in order to ensure comfort in the cows, increase their physical 

health8, and abide by worldwide policies on livestock treatment9. Ethical treatment 

involves a proper diet and land for cows to be active. If farmers could provide more 

grassy land for their cows to roam and eat, the release of methane for the farm overall 

would reduce. 

Cow manure breaks down into carbon dioxide and nitrous oxide in the soil10, 

which contribute to pollution by runoff. This leads to eutrophication in the local water 

and releases greenhouse gases from the algae produced by pollution11. One solution to 
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reducing the amount of manure in the soil is to utilize biogas. Biogas has emerged as a 

popular process on dairy farms that can be a renewable energy source through the 

collection and burning of manure2, 12. Not only is it a cheaper form of energy, but it was 

found to mitigate 60% of GHG emissions annually in two cities in northern Italy13. 

Burning the manure instead of allowing it to infiltrate the soil will reduce the carbon 

dioxide and nitrous oxide present while providing a new form of renewable energy. If 

the gases never make it to the ground, then there will be a reduction in pollution and 

eutrophication of local water. 

Medical Impacts on GHG Emissions/ Treatment 

One component of farm-raised cattle is promoting active lifestyles for the cows 

to ensure prime health. Dairy cows who are not as active or do not have accessibility to 

roam are more likely to suffer medical ailments, produce less milk, and have higher 

GHG emissions14-15. The largest problem in cattle lameness is informing the farmers; 8-

25% of cattle lameness goes undetected due to farmers overestimating the activity of 

their cows16. Two specific diseases caused by cattle lameness are subclinical 

mastitis15 and foot lesions14. 

Subclinical mastitis is a bacterial infection of the udders from the staphylococci 

pathogen17. It clogs the milk ducts, reduces milk released, and causes an increase of 

methane due to higher somatic cell counts in the infected areas15. One issue with 
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subclinical mastitis is its ability to be resistant to antimicrobials, especially when a large 

number of the herd has the disease17. The most effective solution to treat subclinical 

mastitis is medicating with alternating antibiotics18 and udder injections17. This 

medication method treats the infections, prevents the spread to more of the herd, and 

allows for a larger supply of milk per cow. 

Digital dermatitis, or foot lesions, are ulcers that appear on the bottom of the 

toes when the cows are inactive for long periods of time14, 19. As seen in Figure 1, the 

toes are hidden under the hooves and are highly susceptible to injury due to exposure. 

In an experiment of 204 herds, 96.7% of the herds were affected by digital 

dermatitis19.  When the cattle are in pain, they produce less milk and release more 

methane in times of bodily stress14. The solutions to foot lesions are treating them 

medically and increasing activity of the cows by access to pastures or open land16. This 

will reduce the stress, allow for a healthier lifestyle, and overall reduce GHG emissions. 

Methods for Efficient Farming 

One component of these farms is their carbon footprint, a number recorded per 

unit, that collects every environmental impact from the farm, including GHG emissions, 

and pollution of the world’s air and water. This number per farm is usually not known, 

which puts farmers at risk for releasing more GHG than they are aware of. One 

mitigation strategy offered is a carbon footprint calculator, which calculates the 
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footprint based on these direct and indirect GHG emissions from farms20. This 

calculator allows farmers to see the actual number of GHG being released and use other 

mitigation strategies to reduce this number. For example, the average carbon footprint 

for milk in New Zealand dropped from 0.81 to 0.75 kg of carbon dioxide equivalent from 

the years 2010 to 2018 once limitations on farms were enacted10. This calculator will 

allow all farmers to record their GHG emissions and modify their personal mitigation 

strategies on their farms. 

Another sustainable farming solution is a process called milk recording. This is a 

use of a machine commonly in agriculture that measures milk through samples and 

provides records of quality and properties21. This technique allows farmers to evaluate 

their milk samples and make changes based on the health of their livestock. For 

example, a milk record from an Irish farm predicted a 9% increase in GHG emissions 

based on the production of milk per cow and the quality of the milk21. Milk recording 

can provide accurate data on the quality of milk and its contribution to GHG emissions. 

It was found that organic milk has 40% less GHG emissions than mass-produced milk 

on other farms22. This method of milk recording can allow all farmers to see a report of 

their milk quality and production and alter their mitigation strategies to farm effectively 

and sustainably. 
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Conclusion 

Raising cows for beef and dairy in mass numbers results in some of the largest 

emissions of greenhouse gases in agriculture. Cows experience high methane emissions 

due to enteric fermentation and a diet with prolonged digestion. Solutions include a 

primarily grass diet for the cattle or gene modification of the methanogens. A solution 

to soil saturated with carbon dioxide and nitrous oxide from cow manure is to increase 

popularity of biogas beyond farms. 

Many health problems in beef and dairy cows go unnoticed and tend to lead to 

higher emissions and a reduced production of milk15, which can be solved with 

consistent records, prevention of lameness, and medical attention to diseases. Routine 

veterinarian exams and sufficient room for cattle activity can prevent subclinical 

mastitis and foot lesions in the herd. The demand for beef and dairy creates a struggle 

for farmers trying to profit off of their farm while still maintaining proper treatment of 

their animals and the environment. A method for monitoring GHG emissions is an 

official recording of their carbon footprint and milk recording while also practicing 

mitigation strategies and avoiding mass production of beef and dairy. 

Future research in GHG emissions from cattle can branch off into environmental 

sustainability or alternates to dairy and beef in the food industry. There can be more 

research into solutions of raising cattle to reduce methane emissions along with more 
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research in proper waste management12. Research can also advance in substitutes for 

dairy and beef demand, including synthetic meat, to introduce the general population 

to more plant-based lifestyles. This would allow for farmers to avoid mass production 

and offer more ethical ways to raise cattle. These advancements in research can lead to 

greater reduction of greenhouse gas emissions, a healthier environment for all, and the 

reduced production of cattle for the beef and dairy industry. 
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Abstract 

Epigenetics connects the divide between genotype and phenotype without 

completely altering the genome. Modifications to certain genes can affect cell functions 

and produce diseased phenotypes, such as cancer. In some forms of cancer, epigenetic 

changes cause the cell to irregularly reproduce, avoid immunological responses, and 

operate under unsuitable conditions. This review explores the epigenetic changes that 

can occur to produce an oxygen deficient, hypoxically functioning environment that 

increases cancer vitality. More specifically, this review will focus on epigenetic alterations 

to HIF and p53 genes and briefly cover other genes that can be affected in cancerous cells. 

This review found there are multiple reoccurring epigenetic changes that contribute to 

the development of cancer, and these changes can be countered by further epigenetic 

manipulation. Overall, this review will explain how understanding the epigenetic 

changes within cells is extremely beneficial for early diagnosis and, more importantly, 

specific treatment of genetic diseases.  

 

 

Keywords: epigenetics, cancer, HIF, cancer associated fibroblasts, epigenetic therapy  
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Introduction 

Epigenetics is an emerging field that specifically revolves around regulation of gene 

expression. These modifications enable a change in phenotype, how genes physically 

manifest themselves, by controlling what genes are expressed. Therefore, the DNA 

sequence is not permanently altered.  Epigenetic control on the genome can be inherited 

or environmentally influenced. Additionally, they can have direct or downstream effects. 

Downstream effects occur when there is an alteration to the genome that is not 

immediately recognized, and products of a pathway may become abnormal. While there 

are many forms of epigenetic modifications, DNA methylation and histone modification 

are the two most notable epigenetic changes that occur.1 In DNA methylation, a methyl 

group may attach to certain cytosine groups in the genome. Cytosine is one of four main 

nucleotides of which DNA is composed. When cytosine is present on the genome in 

repeating groups, they are referred to as CpG islands.1 The binding of a methyl group to 

CpG islands is typically associated with silencing the genes.2 Alternatively, histone 

modifications alter the genome by having certain groups bind to histones, the proteins 

in which DNA wrap themselves, which affects the rate of transcription.1 These epigenetic 

changes can be harmless, such as playing a role in eye color expression, or they can be 

devastating and cause diseases, such as cancer.  

Cancer is a genetic disease specifically caused by deleterious changes to a cell’s DNA. 

Tumors with modifications to HIF and p53 genes occur in high frequency. Typically, the 

HIF (Table 1) gene is silenced, otherwise methylated, until it is needed. However, this 
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gene is over-expressed in many cancer cells, meaning it has a high rate of transcription 

and, therefore, a more prominent phenotype. This causes the cell to exploit the glycolytic 

cycle, effectively trapping the cell and making it essentially immortal as it continues to 

endlessly divide.3 Another gene affected in a majority of cancer types is p53.4 Epigenetic 

modifications to the p53 (Table 1) gene have been found to be highly correlated to many 

forms of cancer because these cells are not self-destructing after becoming cancerous.4 

There are several other genes with different functions, including PDGF, ND3, TGF-β1, 

PRMT5, as defined in Table 1, that can influence the cancer environment. These 

examples show how cancer is caused through several genetic and epigenetic 

modifications.  

 Modifications within the cell’s DNA can cause a cancerous cell to bypass the self-

checking systems that regulate growth and reproduction and cause metastasis by 

feeding off normal cells and escaping immune responses. Metastasis is the most 

devastating form cancer can take because the cells have begun to invade nearby tissues 

by entering the bloodstream or partaking in angiogenesis, the formation of their own 

blood vessels. Being able to correlate the epigenetic markers of a changing cell can aid 

in the future diagnosis, treatment, and prevention of cancer. This review explores 

multiple ways epigenetic changes to the mentioned genes contribute to metastasis via 

exploitation of natural cellular mechanisms, such as glycolysis and apoptosis. However, 

a problem within the field of epigenetics in relation to disease is the high randomization 

of the processes that can cause cancer.  This randomization makes it difficult to predict 
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when and what changes will occur, leading to increased interest in epigenetic mapping 

to diagnosis genetic diseases earlier. This review will explore some of the epigenetic 

changes to the cancer genome and emphasize the importance of epigenetic 

understanding for cancer treatment.  

The Tumor Genome:  An Anoxic Environment  

Several genetic modifications cause tumor growth and acceleration, particularly 

through metabolic shifts within a cell. Epigenetics is profoundly relevant in cancerous 

tumors because the tumor environment is so genetically distinct. A large part of the 

tumor environment is the fibroblasts associated with them. Tumor fibroblasts are 

connective tissue cells that enable the tumor to interact with other noncancerous cells. 

These tumor fibroblasts are genetically distinct from normally functioning fibroblasts, 

which allows for comparative research to be conducted in order to understand the 

modifications at play.5  

1. Cancer Associated Fibroblasts  

A key feature of the tumor environment are the metabolites associated with 

it.  Measuring lactate production has become intrinsically important in lab testing to 

recognize when a cell has become cancerous. An increase in production indicates a 

change within a cell’s metabolism that should not be occurring under proper conditions.6 

When the cell does not proceed to aerobic respiration, it recycles cellular materials back 

into the glycolytic and pyruvate cycle to produce lactate.6 Results from studies 

conducted on cancer associated fibroblasts (CAFs) show that CAFs have nearly double 
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the amount of lactate production at every timepoint.7 The overproduction of lactate is 

caused by the  overexpression of  TGFβ-1 and PDGF genes (Table 1) within CAFs trigger 

a metabolic switch. This switch revitalizes the glycolytic cycle regardless of oxygen 

conditions and allows tumor cells to feed off the byproducts of this cycle, creating cells 

that are allowed to thrive in adverse conditions. Overall, different epigenetic 

modifications cause the overaction of hypoxia response genes present in CAFs, which 

encourages the cell to continue operating anoxically and accelerates the proliferation of 

cancerous cells.3  

2. Inside A Tumor  

While CAFs essentially line a tumor, there are genes within the tumor that are 

genetically modified as opposed to healthy cells. One gene directly within the tumor 

environment is the gene p53 (Table 1).4 Epigenetic modifications can have downstream 

effects to p53 that can contribute to a hyperactive cell, especially when in combination 

with mutations to mitochondrial gene ND3 (Table 1). Deletions and overexpression of 

ND3 cause a rise in toxic oxygenic radicals, inhibit apoptosis, and contribute to the 

recycling of glycolysis.8 Toxic oxygenic radicals are produced when oxygen is not reduced 

properly in the oxidative phosphorylation, the process in which ATP is produced. The 

inhibition of apoptosis means that the cell will not “self-destruct” if DNA has become 

irreparably damaged. This was supported by analyzing cells with overactive ND3 genes 

and recognizing downstream effects: high ADP/ATP ratio, increases in glucose 

consumption, and increases in lactate production.8 High ADP/ATP ratios and the 
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presence of oxygenic radicals indicate that metabolism is not proceeding pass glycolysis 

and the pyruvate cycle. Epigenetic overexpression of ND3 also leads to an inhibited p53 

apoptotic pathway. While certain studies conducted by Duffy et al didn’t show a direct 

correlation to tumor formation, it indicated metabolic changes triggered by genetic 

changes, showcasing downstream and direct effects of epigenetic modifications.  

Epigenetic Diagnosis and Therapies 

1. Genetic Markers  

Epigenetics understanding can be used to treat cancer in a multitude of ways. Several 

studies are utilizing the knowledge of epigenetic markers to diagnose when cells have 

become cancerous. Cheung et al has formatted a system which maps changes in 

chromatin through mass cytometry.9 By mapping chromatin changes, researchers can 

more easily identify the specific genetic fluctuations that contribute most to cancer 

genesis.  

2. HIF Therapy  

 Other ways epigenetics are beneficial is through the treatment of cancer. Specific 

research is being conducted to study the effects of epigenetic therapies in the form of 

pharmaceuticals. One drug that has shown promise in epigenetic therapy towards cancer 

is acriflavine. This drug has been shown to directly bind to HIF genes in tumors, inhibiting 

the cell’s capabilities of operating anoxically.10 Furthermore, studies showed that 

treatment with acriflavine stunted tumor growth, and in some cases even shrank tumor 

size with minimal side effects.10 Acriflavine’s binding acts as an epigenetic modification 
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to inhibit HIF within cells and halt hypoxic operations. A different, indirect approach 

involves a family of fungal derived HIF1 inhibitors, Epidithiodiketopiperazines (ETPs). 

ETPs have shown to inhibit tumor growth via blocking HIF1’s activator binding complex 

and thus inhibiting its hypoxic response functions.11 Findings support the viability of 

these drugs, as tumor volume was reduced to nearly half of the control group after the 

treatment of different ETPs. Another indirect approach to inhibiting HIF has been 

studied, as certain drugs have combated the downstream effects of HIF overexpression. 

One pharmaceutical compound that has shown potential is isoliquiritigenin, ISL, a 

naturally occurring dietary element. When administered in 25 mg/kg and 50 mg/kg 

doses, tumor volume was nearly half and a fourth of their original size compared to that 

of the control group.12 Supplementally, the body weight of the control group and the 

experimental group hardly varied.12 It’s believed that ISL has both direct and 

downstream effects towards HIF, as HIF was degraded when in combination with other 

inhibitors but was stabilized regardless of ISL presence.12 Overall, these studies show 

that understanding the epigenetic modifications within cancer cells is critical for 

developing hyperspecialized treatment. Additionally, this shows promise in inhibiting 

the gross effects of cancer mutations.  

3. Restoration of p53  

Not all epigenetic therapies involve the inhibition of a gene. Instead, some drugs 

attempt to reverse epigenetic modifications to restore the genome to a more stable 

state. One such way this is being done is through the study of berberine, a naturally 
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occurring plant compound.13 Berberine’s ability to influence methylation and histone 

deacetylation in addition to having minimal cytotoxic affects is an incredible feat in 

finding a compound viable for pharmaceutical use.13 Polymerase Chain Reaction (PCR), 

a process involving the amplification of a specific gene, enabled a visualization of 

berberine’s restoration of p53: the berberine treated group had a significantly darker 

mark of p53 has opposed to the control group.13 Restoring p53 enables cells to better self-

regulate and destroy themselves should they become cancerous. This study furthermore 

supports a need for an understanding of epigenetic modifications, as their potential for 

legitimate cancer treatment becomes increasingly evident.  

4.Other Therapies  

While studies on HIF and p53 are prominent due to their high frequency of mutations 

within cancer cells, there are several other ways epigenetic therapies have helped to 

evolve cancer treatments. Firstly, researchers are attempting to treat cancer 

epigenetically by promoting anti-PD-1 responses in cancer cells.14 Healthy cells have 

ligands on their plasma membrane that are recognizable to immune cells and prevent an 

inflammatory response. PD-1 is a protein on immune cells that helps them not attack 

healthy cells by binding to healthy cell ligands. Cancer cells utilize this mechanism by 

having PD-1 binding-ligands and avoiding immunological attacks. Drugs that have 

targeted this mechanism by silencing PD-1 hope to expose cancer cells and promote a 

better immune response.15 A different approach suggests coupling chemotherapy with 

epigenetic modifications in order to preserve the overall health of patients. The 
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promotion of PRMT5 and related genes enabled the repair of breaks within the DNA 

strand.16 Chemotherapy compromises the strength of the DNA and coupling it with 

drugs that preserve this strength show much promise.  

Conclusion 

Due to the nature of cancer, the study of epigenetics is of extreme value and holds 

much promise when trying to understand and treat the disease. There are several ways 

that epigenetics can cause cells to become oncogenic. Evidence that verifies the effects 

of these modifications are shown through a rise in hypoxic and acidic environments, due 

to the cells recycling of glycolysis and producing lactic acid. Coupled changes allow for 

tumors to become increasingly potent through evasion of the immune system through 

PD-1 binding. Understanding epigenetics is key in treatment of cancer. Observance of 

epigenetic markers allow for earlier and more effective treatment. Much research must 

still be done to determine what causes these changes and how they can be prevented. 

The randomization of epigenetics makes this a difficult task, but a deeper understanding 

of how such changes occur could allow for revolutionized treatment of genetic diseases.  
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Table 1. Gene and Drug Abbreviations and their Relation to Cancer 

Abbreviation Name Definition Relation to 

Cancer 

HIF3 Hypoxia Induction 

Factor 

Gene that encodes for 

the cell’s response to 

hypoxic conditions by 

triggering glycolysis  

Gene is 

overexpressed; 

hypomethylated  

p538 N/A Gene that encodes 

multiple pathways for 

compromised cell 

destruction/apoptosis 

Gene is silenced; 

hypermethylated 

PDGF7 Platelet Derived Growth 

Factor 

Aides in cellular growth Aid in 

transitioning 

normal 

fibroblasts to 

cancerous ones 

ND58 NADH Ubiquinone 

Oxidoreductase Subunit 

5 

Mitochondrial gene that 

encodes a protein that is 

part of complex 1 of 

oxidative 

phosphorylation 

Gene is 

overexpressed; 

creates excessive 

oxygen radicals 

and contributes 

to the recycling 

of glycolysis  

TGFβ- 17 Transcription Growth 

Factor beta-1  

Aides in cellular growth Aids in 

transitioning 

normal 
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fibroblasts to 

cancerous ones 

PRMT516 Protein Arginine 

Methyltransferase 5 

Aides in regulating 

cellular processes via 

methylation of target 

genes required for cell 

division, differentiation, 

and growth.  

Overexpressed in 

many cancers 

PD-115 Programmed Cell Death 

Inhibitor  

Aides in the 

immunological response 

by ensuring that t-cells 

don’t attack healthy cells 

Helps cancer 

cells avoid 

immunological 

response by 

binding to 

special receptors 

on tumor cells15 

ETP11 Epidithiodiketopiperzine Fungal compounds such 

as chetomin, chaetocin, 

and gliotoxin 

Inhibit HIFs by 

blocking their 

ability to bind 

with activators 

ISL12 Isoliquiritigenin A naturally occurring 

compound with various 

preventative properties  

Can bind directly 

to cancer-

inducing genes 

or block 

cancerous 

pathways.  
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ABSTRACT 

Personality disorders, including borderline and antisocial, are mental disorders 

that influence the thoughts and behaviors of affected individuals. There is currently a 

lack of studies in the relationship between these individuals and crime rates, though it is 

often found criminal offenders have said disorders. These disorders can be traced down 

to neurological and biochemical dimensions, including disruptions in brain function and 

chemical levels. These disorders can also be developed from childhood abuse or other 

disruptions in adolescent development. Though all personality disorders are developed 

similarly, the differences in presentation affect the type of crime committed and 

specific crime scene behaviors. The purpose of this study is to examine different factors 

correlating to personality disorders and determine the causation of crime by these 

personality disorders, if any. These studies can be used to predict crime under the 

condition of having a personality disorder and narrow down suspects. The relationship 

between the condition and crime will be explored for both correlation and causation. 

Future research can be done to predict and halt related crimes committed due to the 

influence of a personality disorder.  

Keywords: personality disorder, crime, mental illness, crime scene behaviors, criminal 

profiling 
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Introduction 

Criminal psychological profiling analyzes behaviors and classifies potential 

offender characteristics.1  Among mental illnesses, personality disorders have high links 

to crime, especially antisocial personality disorder and borderline personality disorder. 

Antisocial personality disordered persons are characterized by the disregard of others’ 

emotions and rights, often leading to aggression. Borderline personality disordered 

persons are characterized by difficulty controlling emotions, often leading to 

impulsivity. Although the behavioral science unit of the FBI was established in the 

1970s, there are still many questions left unanswered or wrongly answered regarding 

mental disorder behaviors and related crime conduct. Very few original and 

academically reviewed studies on crime and psychological profiling have been 

published.1, 2 This includes a lack of information on physiological dimensions that cause 

personality disorders. This information can be useful for crime prediction and crime 

scene behaviors. Some suggest the reason for this deficit is because prior to the 1960’s, 

many individuals deemed mentally ill were hospitalized for said illness, i.e., unable to 

potentially commit a crime, so the rate of crime among these individuals was no higher 

than non-mentally ill individuals.3 

This review will explore personality disorders at the neurological and biochemical 

dimensions as well as adolescent experiences that influence these disorders. After a 

personality disorder is identified in an individual, crime behaviors, such as level of 
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substance abuse, type of crime, and specific crime scene behaviors can be examined. 

There are many predictors for crime if a personality disorder is declared in an individual, 

which can be used to prevent further social disorder.  

Neurological and Biochemical Dimensions  

 There is prevalent evidence that emotions that manifest from neurological and 

biochemical dimensions play a crucial role in daily moral processing. Among 

adolescence, the occurrence of a personality change is significantly related with 

traumatic brain injuries.4 The more severe the injury, the more persistent the 

personality change.4 Disturbances in neural tissue, most commonly the limbic system, 

can lead to permanent changes in the control and expression of behaviors and effective 

responses.5 Abnormalities in emotions often manifest themselves through mental 

instability including impulsivity, fixations, and personality changes.6 Indirect effects to 

consider include limited cognitive and motor skills resulting from the injury causing 

dependency on others. These effects can lead to depression, apathy, and social 

isolation.5 Research has been done at this level to predict if there are any specific 

damages within the brain that cause personality disorders. 

 Orbitofrontal cortex damage has been associated with poor judgement and 

abnormal emotional responses, characteristics that resonate highly with personality 

disorders.7 Anterior cingulate cortex damage has been associated with difficulty in 

processing of external and internal emotional stimuli, including lack of empathy and 
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emotional misunderstanding.6 Lack of empathy and related issues are most common in 

antisocial personality disordered individuals; they often do not comprehend nor care 

about the consequences of their actions. Studies show antisocial personality disorder 

individuals may have central nervous system damage, resulting in difficulty experiential 

learning.6 Frontal lobe damage, which is frequently found in homicide perpetrators, has 

been associated with the inability to control emotional behaviors as well.7 These 

neurophysiological processes can drive personality disorder-diagnosed persons, 

causing anything from frustration, constant hypervigilance, and/or heightened threat 

appraisal.8 

 Several chemicals have been studied in relation to behavioral effects. Impulsivity 

has been linked with low monoamine oxidase (a catalytic enzyme) activity.6 Low levels 

of serotonin, a major contributor to feelings of well-being, have been associated with 

aggressive behavior.6 Disturbances in certain chemicals found in personality disorder-

diagnosed individuals can cause them to see nonthreatening situations as threatening, 

resulting in according aggressive action.8  Results from these studies indicate a close 

relationship between T3 and T4, thyroid hormones that play vital roles in brain 

development and function, with abuse and antisocial personality characteristics. There 

is a possibility that these hormones institute the same neurobiological basis.6, 9 This 

information can be used to predict a personality disorder if there is a quick test that can 

determine this relationship at a younger age, however, further research needs to be 
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done in this area. In a study of the neurobiology of female homicide perpetrators, levels 

of AM cortisol (a steroid hormone that regulates several things in the body with high 

sensitivity to stress) and DCS (a slope measurement of changes in levels of cortisol) 

decreased as crime severity increased.7 In this study neurological conditions, traumatic 

brain injuries being most predominant, were found in 95% of the female prison inmates 

that partook in the investigation.7 These studies display that personality disorders are 

uncontrollably inherited and can develop at different stages in life.  

Effects from Disturbances in Adolescence and the Link to Crime Scene Behaviors 

 Childhood maltreatment has also been studied in relation to development of a 

personality disorder. In a study involving males, it was found that experiencing abuse in 

adolescent years increased the likelihood of committing crime in adulthood.10 The 

presence of maltreatment in adolescence is also significantly associated with borderline 

personality disorder.10 This stands true for antisocial personality disorder, however 

these individuals are also more likely to return to custody after being released for a 

domestic abuse crime.10 

 In a similar study it was found that females that suffer the most childhood sexual 

abuse are more likely to commit homicide.7 There is significant association between 

crime, childhood sexual assault, and traumatic brain injuries, which was discussed in the 

previous section.7   A study done in 2017 shows correlation between this and negative 

effects to brain development during critical periods as well as long-lasting HPA 
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(hypothalamic-pituitary-adrenal, located just above the brain stem) axis dysfunction.7 

These studies display that the predictor of childhood abuse can be used to 

prognosticate crime in both males and females (Table 1). Given that crime is related to 

personality disorders, an indirect correlation can then be made between childhood 

abuse and development of such disorders. 

The effect of deviant peer association in development of antisocial personality 

disorder mixed with substance abuse has also been connected.8 A study conducted in 

2019 found an elevated risk for development of antisocial personality disorder if an 

individual has deviant peer association in the presence of substance abuse, especially 

marijuana.8 This result could be expected as one growing up in the presence of deviance 

and misbehavior can be easily influenced by such actions, especially in a crucial time of 

brain development.  

 Specific homicide crime scene behaviors in mentally ill offenders vary per crime. 

In a Finnish sample of homicide offenders with mental disorders, they found that 

borderline personality disorder and antisocial personality disorder are most common.3 

Over 20% of these individuals, with personality disordered offenders and drug addicts 

most likely, moved the body or covered it.3 This is highly suggestive of antisocial 

personality disordered individuals as their crimes tend to be more preplanned or 

thought out. A study specific to serial rape offenders found the most central behaviors 

are indicative of planning and sophistication, which is again suggestive to antisocial 
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personality disorder.1 The central themes of rape in this model were premeditation, 

violent expression and robbery.1 Theft, a property crime, is highly linked to antisocial 

personality disorder as discussed in the next section. 71% of personality disordered 

offenders reported having an argument with the victim prior to the slaying, which is 

suggestive of borderline personality disorder as these individuals often do crime out of 

emotion.3  

Table 1. Common predictors of crime and aggression for males versus females.      

 

✔: Sex has this predictor 

Personality Disorders and Related Crimes  

 There is a difference in characteristics among individuals with antisocial and 

borderline personality disorder. Antisocial personality disorder is most identified with 

the lack of emotional arousal and inability to empathize with the emotions of others.6 

These individuals lack remorse for consequences of hurtful actions, reducing one’s 

ability to conduct themselves properly in a community.10 Antisocial personality 

disordered persons also show less fearfulness and concern about punishment, and 

possess no emotional barriers to violence.6, 11 These individuals are not only associated 

with psychopathy, but also narcissistic personality traits including an inflated sense of 

their importance and lack of empathy for others.12 On the contrary, borderline 
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personality disorder is identified with the abundance of emotions. This abundance 

often leads to impulsivity, including self-damaging behavior and difficulty keeping 

stable relationships, especially domestic and long-term.10 Their hyperarousal and 

impulsivity leads to irritability and outbursts most associated with physical violence.11 

Having borderline personality disorder was assessed as a significant predictor of 

violence in both sexual and nonsexual crimes in a study of the severity of aggression in 

sexual crimes.13 

There is evidence that crimes committed by antisocial versus borderline 

personality disordered individuals differ. A study on personality clusters showed 

subjects with antisocial and borderline personality disorders are most commonly 

related with criminal behavior.14 However, antisocial personality disordered offenders 

are more likely to commit property crimes, such as home break-ins or burglary, which 

usually require planning, while borderline personality disordered offenders are more 

likely to commit violent and emotional crimes.11 Antisocial personality disordered 

persons are more indifferent, therefore get less involved physically or emotionally and 

prefer property crime, while borderline personality disordered persons rarely commit 

premeditated crimes do to their impulsivity.15 This impulsive, emotional crime can 

include using instant impact weapons like guns, blunt and sharp weapons, kicking, and 

hitting.3  
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Conclusion 

 As a legion of studies show, personality disorders and criminal activity and moral 

deviance are consistently related down to the neurological and biochemical level. 

Traumatic brain injuries, especially frontal lobe damage, have been linked to 

development of personality disorders and crime.6 Negative childhood occurrences 

including abuse and association with deviant peers also contribute.10, 14 These factors 

and personality disorders go hand and hand with substance abuse, and can affect 

specific crime scene behaviors. The most substantial difference between antisocial and 

borderline personality disordered individuals’ crime scene behaviors is that antisocial 

personality disordered individuals are more likely to commit well thought out, 

preplanned property crimes versus borderline personality disordered individuals with 

more emotionally driven, impulsive, violent crimes.3  

There are still several clusters of research that need done in the forensic 

psychology field, most involving the causes of these personality disorders. There are 

also discrepancies in how significant the effect of antisocial and borderline personality 

disorders is on crime conduct. More studies on this information can then be taken to 

further use for prevention of related crimes.  
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Abstract 

Concussions are highly prevalent injuries in both youth and adult sports and can 

severely impact daily functions by impairing mental and physical health. Existing 

treatments, such as resting, have been found to be ineffective in promoting a faster 

recovery. They often lead to a decline in mental health, which can exacerbate ongoing 

symptoms. However, aerobic exercise is an emerging field that has the potential to 

make concussion recovery more effective. This literature review will explore the 

effectiveness of aerobic exercise on faster recovery rates, return to play, and its impact 

at the cellular level for concussion patients. In addition, it will address in detail why 

treatment plans vary from patient to patient and analyze commonly prescribed 

exercises. This review also introduces vestibular rehabilitation, an emerging type of 

exercise therapy that can improve common symptoms of concussions, such as balance 

and dizziness. Future studies in this upcoming field of treatment could investigate if a 

specific frequency, intensity, and duration unique to a patient’s prescribed exercise 

treatment is more efficient for recovery. Additional research could focus on individual 

populations to examine if age and level of activity prior to injury influences post-

concussion recovery.  
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Introduction  

A concussion is a broad term that is often used in sports medicine. It is defined as 

a mild traumatic brain injury (TBI) due to an external force altering brain function, 

which may involve loss of consciousness or lack of coordination and fatigue1. The 

relevance and awareness of concussions in sports medicine has expanded over the last 

decade, and is continuing to increase significantly. A study on 85% of NCAA schools 

reports that 82% of the schools had a concussion management system in place2. The 

average number of TBI’s that occur in the United States each year is 1.6 to 3.8 million, 

and this includes emergency department visits, hospitalizations, and deaths3. However, 

this number is underestimated due to many reasons. These include data from people 

who are undiagnosed for TBI’s, deny seeking care, diagnosed with TBI but do not seek 

care, or are treated in other settings like military facilities, outpatient, or physician’s 

offices3. The number of occurrences is increasing when compared to previous years, 

and concussion management is extremely important for this reason. Concussion 

disclosure and accurate diagnosis are especially crucial, as there is a greater risk of 

acquiring a second concussion after obtaining the first. Symptom-free waiting period 

(SFWP) patients, or patients who wait for any symptoms to start appearing after 

acquiring a concussion, have a higher rate of repeat concussions than the non-SWFP 
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group, or patients who observe symptoms following a concussion4. Hence, immediate 

concussion disclosure and proper management are crucial to not only recovery, but also 

to decrease the risk of another concussion.   

Resting is one of the current treatments for post-concussion patients. However, 

it often worsens one’s condition as it prolongs concussion symptoms5. Because this 

method is ineffective for faster recovery rates, discovering new treatments has become 

a major focus of concussion research. Exercise to an athlete’s maximum capacity 

without worsening concussion symptoms before they return to sports is crucial for 

efficient recovery6. Reasons like this drive researchers to investigate aerobic exercise, 

which is now a pioneering field demonstrated to benefit patient cognition, mood, 

recovery time, and symptom reduction following a concussion7,8. This review will 

primarily focus on the advantages of aerobic exercise for post-concussion patient 

recovery. More specifically, it will address the internal effects, both unique and 

common prescription patterns of aerobic exercise, and newly emerging vestibular 

rehabilitation under this broad category of exercise therapy. This review will also 

emphasize the importance of further exploration in this field, as there are few studies 

on aerobic exercise being conducted today. Additionally, some involve too small of a 

population size. Most importantly, additional variables like age, prior level of activity of 

the patient, and frequency or duration of the aerobic exercise treatment need further 

investigation. More awareness and research are required for its application in the 

clinical field to replace existing treatments.  
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Aerobic exercise for post-concussion  

The Effectiveness of Aerobic Exercise  

Although pre-existing treatments, like resting, are prescribed, the treatment is 

gradually transitioning to aerobic exercise. Post-concussion patients who withdraw 

from exercise undergo further negative mood scores and fewer activity peaks than 

patients who participate in some form of exercise5. Aerobic exercise is a revolutionizing 

treatment for concussion management that promotes both fast and effective recovery. 

The impact of aerobic exercise on concussion patients has been determined by splitting 

patients to undergo two different treatments—aerobic exercise and placebo-like 

stretching. Patients recovered with a median of 13 days with aerobic exercise, while a 

median of 17 days of recovery was necessary for the placebo-like stretching group9. 

From this study, it can be deduced that patient’s recovery time in days was lower for 

the group that underwent aerobic exercise. Another study has investigated the effects 

of a structured exercise program with post-concussion patients using their symptoms 

to determine their capacity of exercise.  Based on the patient’s heart rate at which they 

experienced symptoms, a structured exercise plan helped more than two-thirds of 

patients return to full daily functions with diminished persistent symptoms10. These 

results demonstrated that aerobic exercise is indeed beneficial for recovery.  
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Full return to daily functions  

Returning to full daily function is a key part of recovery. Since resting is 

ineffective and prolongs recovery time, studying the association between the time to 

begin aerobic exercise and the time to fully return to sports is crucial. As shown in Table 

1, the proportion recovered was much higher in people who had the least time to 

initiate aerobic exercise11. Table 1 also shows that the probability for a full return to 

sports decreases gradually as the time to initiate aerobic exercise treatment increases 

(Table 1)11. This illustrates that earlier timing to implement aerobic exercise is 

associated with faster recovery rates following an acute sports concussion. The 

proportion of patients recovering and getting back to full functional ability increased 

gradually (Table 1)12. This was observed when players were investigated for concussion 

symptoms initially and along their recovery trajectory (Table 1)12. Another study found 

that 41 out of 57 (72%) who participated in the exercise rehabilitation returned to full 

daily functions, and only 1 out of 6 patients who declined exercise therapy returned to 

full function10. This supports how much aerobic exercise assists in faster, effective 

recovery and full return to daily functions.  
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Table 1: Comparison between the time to initiate aerobic exercise treatment to the 
time and reduced probability for full return to sports 11,12. 

Time to start 
Aerobic 

Exercise post 
injury (Days) 

Decreased 
probability for 
fully returning 

to sports 

Average time to Full Return 
to Sport (Days) with 

aerobic exercise when 
proportion of patients who 
are not recovered yet = 0.4 

Proportion of 
players recovering 
and reaching their 

full functional ability 
(n=100) 

3 36.5% 15 0.03% 
5 59.5% 22 0.05% 
7 73.2% 31 24% 

14 88.9% 42 83% 
 

Impact of aerobic exercise at the cellular level  

Biomarkers are another method to investigate the outcomes and effects of 

treatment. Tracking and examining these biomarkers can reveal details about the 

recovery process such as positive or negative impacts and length of recovery.  Brain-

derived neurotrophic factor (BDNF) is an example of a biomarker used to measure the 

effect of aerobic exercise on individuals13. It can affect the structural change of the brain 

by reorganizing synaptic connections in response to new information, development, or 

damage following an injury13. BDNSs can impact other brain functions, too, like the 

hippocampus, peripheral, and motor factors13. The hippocampus, located in the 

temporal lobe, is highly involved with learning and memory. The peripheral nervous 

system (PNS) connects the brain and spinal cord, which makes up the central nervous 

system (CNS), to the rest of the body. Lastly, motor factors are a set of central and 

peripheral structures that transmits information from the CNS to PNS. A study found 
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that BNDF levels are much higher for the exercising group and increases for distance 

exercised (km/night) when compared to the sedentary group13. It was concluded that 

exercise induces these BDNF coding genes, thus increasing neuroplasticity, 

neurogenesis (formation of new neurons), and other brain functions as mentioned 

above13. Taking this further, a study has applied this logic to post-concussion patients 

to see the difference between BDNF levels before and after implementing aerobic 

exercise. The levels of BDNF, on average, did not increase significantly between the 

two groups, which is inconsistent with the previous study14. However, they found that 

subjects who completed their exercise program in a shorter period had a higher 

increase in BDNF levels, while subjects who took a long time to complete the exercise 

program had minimal change in BDNF levels14. According to the first conclusion, there 

is no evidence to support the idea that the frequency of exercise impacted BDNF levels. 

However, the duration of the exercise program caused a change in its levels according 

to the second study, which is one way to test the effectiveness of aerobic exercise on 

these patients. There is some evidence that exists on the effects of frequency, intensity, 

and program duration on the recovery process for post-concussion patients. However, 

further research should be done as the evidence or the number of studies conducted is 

low11. 

Aerobic exercise prescriptions unique to each patient  

There are various types of exercise within the broad category of aerobic exercise, 

and not everyone can benefit from the same type. Exercises should be implemented 
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carefully, as every prescription pattern is unique to the patient’s condition and can have 

different effects on their post-concussion management. Thus, identifying the desired 

outcome for each patient is crucial. Patients with post-concussion syndrome, 

persistence of various symptoms after a heady injury, have cerebrovascular function 

impairments, which can impact functional responses. It may also cause hypo/hyper 

perfusion – decreased or increased blood flow respectively – during and after a high-

intensity aerobic workout15. As exercise length and intensity increases, the mean 

arterial pressure during a single cardiac cycle increases. In addition, a big drop can be 

observed in the End-Tidal partial pressure of carbon dioxide, the maximum CO2 

concertation at the end of each exhalation, and the frontal cerebral oxygenation or 

oxygen delivered to the cerebrum’s frontal lobe15. Thus, doctors prescribing programs 

to these patients have to carefully choose the progression of aerobic exercises, as 

implementing high-intensity workouts early on can be detrimental. The association 

between a patient’s symptoms and the rigor of aerobic exercise implemented needs to 

be further explored to help physicians formulate a proper plan for individual patients. 

Another aspect of future research in this field should focus more on individual 

populations to see if their activeness before the injury affects how they react to post-

concussion treatment16. Some may be highly active prior to injury or as part of their 

lifestyle, while others may be completely inactive. Likewise, if a high-intensity exercise 

plan is prescribed to a patient who has been inactive their entire lifetime, it can be 

overwhelming for them, thus, exacerbating concussion symptoms17. As everyone 
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experiences exercise differently, examining this association between prior physical 

activity and their response to exercise prescription can influence the treatment plan. 

Common exercises prescribed  

Although prescriptions vary from patient to patient, there are a few exercises 

that doctors tend to prescribe more commonly. In one study, researchers investigated 

the most common exercises doctors prescribed to their patients during their first 

therapy and throughout the rest of their therapy. They found that during the patients’ 

first visit, eye-head coordination, vestibulo–ocular reflex x 1 (VOR), standing static and 

standing upright were the most common exercises prescribed with 89, 75, 69, and 65 

percentages respectively18. In simpler terms, eye-head coordination deals with moving 

fingers side to side or up and down and following them with one’s eye movements and 

moving eyes along with the head from side to side or forward and backward19. 

Vestibulo-ocular reflex deals with using the inner ear information and determining how 

much eye movement is necessary to allow one’s eye to stay fixed on an object as it is 

moved around20. An example would be to hold a readable item in front of someone and 

test one’s ability to read the words on the page while moving their head in all directions 

as fast as they can20.Lastly, standing tests include changing from a sitting to a standing 

position with eyes open and repeating the same with eyes closed, throwing a ball from 

hand to hand above eye level and under the knee, changing from a sitting to a standing 

position while turning around in between in addition to the eye and head coordination 

movements mentioned above19. Throughout their therapy, the most common exercises 
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were also eye-head coordination, VOR X 1, Standing static, and standing upright, 

however, with percentages of 99, 92, 92, and 87 respectively18. Also, vertigo, 

imbalance, and dizziness are common symptoms that prevail post-concussion21. 

Vestibular rehabilitation is an emerging field of therapy that focuses to improve 

balance and reduce dizziness related problems. When the severity of dizziness was 

measured pretreatment and posttreatment for 114 patients in a study, the severity 

drastically decreased—26 to 7 respectively21. This supports the claim that vestibular 

rehabilitation exercise therapy for post-concussion patients does help with recovery 

from dizziness and imbalance post-concussion.   

Conclusion  

 Aerobic exercise is an emerging field for concussion recovery aimed at returning 

patients to their fully functional ability more efficiently. One of the main advantages of 

this treatment is that it targets areas of the brain to improve functions like cognition, 

mood, and neuroplasticity impacted by the concussion. Studies conducted also 

demonstrate that the earlier an aerobic exercise therapy is implemented, the faster the 

recovery rate and return to full functional ability. Additionally, there are many 

variations within this broad range of aerobic exercises, and each patient may react 

differently or need different plans based on their condition. Hence, the correct exercise 

program prescription selected by physicians also plays a huge role in the recovery 

process. Lastly, as dizziness and imbalance are prominent symptoms of a concussion, 

use of vestibular rehabilitation is increasing as it strives to specifically alleviate these 
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symptoms. Although aerobic exercise helps in faster recovery and diminishing 

prevailing symptoms, further research needs to be conducted to explore how recovery 

rates are influenced by additional variables, such as sleep and cognitive stimulation. 

Biomarkers are another source of potential, but in addition to BDNF, more types of 

biomarkers should be explored to determine the effects of aerobic exercise on 

individuals. In addition to investigating the effects of training duration, frequency, and 

age on the return to full daily functioning, the effect of a patient’s activeness before the 

injury on recovery would also be a potential research topic10. Further research will 

strengthen the understanding of all the possible variables affecting recovery rates. 

Since general treatment does not satisfy everyone’s condition, this research can aid in 

developing more efficient ways or specific prescription plans for everyone based on 

requirements at the individual level.  
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Abstract: Wildlife crime continues to grow annually and globally, impacting several 

species and ecosystems. New advancements of technologies and techniques can track 

criminals and aid the affected victims. Highlighting the complexity of conservation and 

the development of identification techniques helps tackle this widespread dilemma. 

New developing techniques in wildlife forensics can differentiate an animal between 

wild and poached to pave the way for further advancement in understanding wildlife 

crimes. Hence, though the wildlife forensics field is still new, emphasizing the need for 

intricate identification techniques can help save threatened species.  
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Introduction: 

Wildlife crime stems from human interaction and leads to damaged ecosystems 

and populations. Wildlife crimes, usually driven by fashion demands and products from 

rare species, involve smuggling endangered species, causing abuse and suffering1. 

Cases that involve poached species taken for sale or display at zoos need efficient 

wildlife forensic science to combat the increasing amount of wildlife crime1. For 

example, at the Biscayne National Park, 77% of fish stocks in parks are overfished, 

preventing spawning and hurting populations2. The problem is growing so rapidly that 

even increasing the average population of fish species by 20% will not sustain certain 

species2. Utilizing forensic science to focus on specific affected species can allow for 

new crime detecting techniques to develop. 

The Need for Conservation  

 In India, many threatened species exist, and one of them is the Indian pangolin. 

While it is an adaptable species, the population continues to decline in Sri Lanka due to 

wildlife crimes, such as hunting, poaching, illegal international trade, habitat loss, and 

fragmentation3. The Department of Forestry and Environmental Science at the 

University of Sri Jayewardenepura observed the pangolins to assess their conservation 

status and understand the pangolins' threats. The results demonstrate that more than 

17,500 Asian pangolins had been traded, with the price increasing ten-fold between 

2001 to 20143. Though more laws have been put into effect, the uncontrollable growth 
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of illegal trade needs to be tracked to its origin. Therefore, the Indian pangolins stand 

as one of many examples to push the need for conservation.  

Also, turtles and tortoises experience the same detrimental effects as pangolins. 

Tortoises are essential to the ecosystem because of their role in the food chain, and 

they act as scavengers to clean up water bodies, helping maintain healthy aquatic 

ecosystems. Currently, tortoises face threats due to illegal hunting for food in 

traditional Chinese medicine4. In Uttarakhand, India, a study utilized DNA sequences to 

gather more information to find the poaching areas' origins to save this species4. Thus, 

the investigation of wildlife crimes needs reliable information about the crime source to 

sustain the threatened and endangered species.  

Identification techniques 

 Many studies that are conducted to solve the growing crisis deal with 

differentiation. In some instances, extensive illegal trapping and trading use decoys, 

creating confusion in depicting which animals are poached versus the purely wild ones. 

One study analyzed the isotopes of the Ortolan Buntings' feathers to indicate whether 

the bird has been illegally captured or grown in captivity5. When in captivity, the 

Ortolan Buntings consume different foods than in the wild, changing the isotopes in 

their feathers. Likewise, another study also conducted stable isotope analysis at feather 

samples from sub-Saharan countries6. The feather samples gave region, altitude, 

annual rainfall, and seasonal patterns, which were reasons for the various isotope 
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ranges6. Therefore, understanding the full benefits of isotope analysis allows poachers 

to be tracked, helping affected species.  

 Another type of identification method founded to find a resolution for the crimes 

is the development of DNA sequencing techniques. A multiplex genotyping assay was 

developed in one study to track illegal ivory trading in African and Asian elephants from 

Zimbabwe and Thailand7. The newly developed PCR-based dual-genus, multi-complex, 

PCR-based assay helped find the origin of illicit trading, assisting animals affected by 

illegal trade. A study in Zambia took three unknown animal cases, and with the 

advanced DNA barcoding from the COI gene, all three cases were correctly identified8. 

The DNA barcoding could specify which cases were affected by illegal poaching and 

which ones were merely domestic8. Therefore, continuous development of DNA 

sequencing techniques will enhance the ability to detect crimes in unlawful poaching. 

Blood testing has been critical in forensic science in identifying the culprit of a 

crime. Though blood is an essential biological fluid to determine a suspect's identity in 

forensics, blood can also be utilized to assess the individualization of a bloodstain9. 

Kastle Meyer and Hemastix reagents are presumptive tests in forensic science used for 

the detection of blood10. However, the Kastle Meyer and Hemastix presumptive tests 

are predominantly used on human blood. A study in the United Kingdom focused on 

validating the use of either of the presumptive tests for non-human blood since 

criminality can involve the persecution and abuse of wild animals10. The two 

presumptive tests were then determined to be useful in forensic wildlife casework. 
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Thus, identifying the ability to use the presumptive test allows for the detection of 

possible sampling areas for DNA testing in forensic wildlife cases.  

Forensic Entomology 

Another helpful identification technique is the use of forensic entomology. A 

study used new autosomal-based DNA techniques that identified blowfly species to 

alleviate problems with conventional DNA markers. The current situation is that most 

insects captured at a crime scene are too immature and indistinguishable, making them 

unable to use for forensics. To combat this, bicoid sequencing pieces were amplified to 

depict species-specific DNA markers and aid in morphogenesis11. The bicoid sequence 

was determined to be useful for identifying forensically essential insect species through 

the use of PCR amplification on twelve blowfly species. Therefore, bicoid genomic 

sequencing can help forensic investigations identify when and what location an animal 

has been killed by inducing morphogenesis.  

Furthermore, entomology can identify if an animal has been abused before its 

death. Knowing the body temperature, fly species, and insect development stage, 

abuse duration can be distinguished12. Comparisons of post-mortem colonizers can 

determine the longevity of the abuse. Besides abuse, entomology can also distinguish 

the stage of decomposition. The insect succession proves successful when fewer 

blowflies appear12. Understanding the importance of entomology and determining 

important features in investigations allows more crimes to be dissected carefully. 
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Conclusion 

Wildlife crimes damage different species, their populations, and their 

ecosystems around the world. Observing threatened species helps to enact actions to 

help solve the root of the issue. For instance, new techniques, like multiplex genotyping 

assays, identifying individual isotopes, using specific genes for entomology, utilizing 

blood presumptive tests for accuracy and specificity, and using mitochondrial genes 

have been developed to track the culprits of the crimes. Though more knowledge is 

accumulating to understand the crisis, the situation will only worsen without 

communication. Recognizing endangered species and providing protection and help 

aids conservation and combats wildlife crime. Nonetheless, continuing to advance 

implemented techniques will help specifically identify where crimes occur and why. 

Hence, focusing on combatting the impact of wildlife crimes will improve multiple 

ecosystems.  
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Figure 1: Map Illustration of the Countries Affected. The map highlights countries that 

share the same wildlife crime or shares similar solutions. *Zimbabwe and Zambia are a 

part of the Sub-Saharan Region but do not share the exact solution to wildlife crimes. 
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An Open Letter in Support of Harm Reduction 
By Luke Nealley               D.U.Quark 2022. Volume 6(Issue 1) pgs. 120-136 
Published June 6,2022                                                                Opinion Article 
 
 
Author's Note: This essay, written as an open letter to Pennsylvania’s Governor Tom 
Wolf, serves as boilerplate so that other like-minded citizens might easily express their 
concerns. The letter is intended to be sent to local, state, and federal politicians to help 
drive the acceptance of harm reduction legislation. 

 

Dear Governor Wolf, 

The opioid epidemic is an epidemic of our own making. We allowed 

pharmaceutical companies to misrepresent the addictive quality of new opioids, 

inappropriately minimizing potential risks of prescription opioid use.1 We allowed for 

the relatively unchecked, aggressive promotion and marketing of dangerous controlled 

substances, which influenced the prescription practices of physicians nationwide. 2 We 

allowed the pharmaceutical industry to influence medical education, redefining pain 

and pain management practices for a generation of doctors. 3 We enabled the 

unrestricted rise of the opioid epidemic in the United States. As a result, approximately 

1 million people have died due to drug overdoses since 1999. 4 More importantly, the 

number of annual overdose deaths is continuing to rise. Since 1999, drug overdose 

deaths have risen from less than 20,000 to over 90,000 cases annually. 5 With the vast 

majority of overdose deaths being due to opioids, it is clear that we do not have control 

over the opioid epidemic. 6 Harm reduction programs provide the evidence-based 

opportunities needed to combat the opioid epidemic. However, current legislation 
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often limits, or even inhibits, the positive effects that harm reduction programs can 

provide. We are responsible for allowing the opioid epidemic to take root in our 

country. Therefore, we must be held responsible for taking the actions necessary to 

control the epidemic. We need to implement legislation supporting harm reduction 

practices. 

Harm reduction is a term used to describe any number of programs aimed at 

minimizing the dangerous side effects of risky behavior. 7 In terms of opioid use, harm 

reduction programs primarily aim to minimize the risks of disease transmission and 

death due to opioid use. Three different programs are commonly employed to 

minimize the risks associated with opioid use: opioid substitution programs, syringe 

service programs, and safe injection sites. Each of these unique programs has been 

shown in clinical settings to reduce illegal opioid use, disease spread, and death due to 

opioid overdose. 8 As such, all of these programs are deserving of our full support. 

Opioid substitution programs aim to provide users with less harmful opioids 

under careful medical supervision. Methadone, one common substitute opioid, is a 

long-acting opioid receptor agonist with an average duration of action of 24-36 hours. 9 

In other words, methadone activates the same biological pathways as recreational 

opioids. While this may initially seem counterproductive, careful dosing practices can 

eliminate the euphoric and sedative effects associated with opioid use. 10 Moreover, 

through the controlled activation of opioid receptor pathways, methadone treatment 

helps to relieve many of the cravings and symptoms (muscle aches, fever, nausea, etc.) 
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of opioid withdrawal. 11 Finally, methadone blocks the narcotic effects of heroin by 

preferential interaction with the opioid receptor, thereby discouraging further illegal 

opioid misuse. 12 In all, methadone treatment simultaneously reduces both the negative 

effects of opioid withdrawal and the perceived benefits of opioid misuse. To that end, 

methadone treatment programs have consistently been shown in clinical studies to 

encourage treatment retention and abstinence from illicit opioid use. 13 In addition to 

encouraging abstinence from illicit opioid use, methadone treatment programs have 

been associated with community-wide benefits as well. For example, communities with 

access to a methadone treatment facility have demonstrated marked reductions in 

drug-related disease transmission and criminal activity. 14 Beyond methadone, other 

opioid substitutes have shown similarly promising results. 15 In particular, suboxone is a 

combined formulation of buprenorphine and naloxone. 16 Buprenorphine, a partial 

opioid receptor agonist, acts similarly to methadone to manage opioid withdrawal. 17 

Naloxone, on the other hand, acts as an opioid receptor antagonist, shutting down the 

opioid pathway if suboxone is taken inappropriately, thereby minimizing the potential 

for suboxone abuse. 18 Opioid substitution programs have been clearly and consistently 

shown to be effective options in the treatment of addiction and the opioid epidemic. As 

such, the establishment of opioid substitution programs needs to be encouraged and 

supported.  

Unlike opioid substitution programs, syringe service programs do not aim to 

directly reduce the use of illicit drugs. Instead, they aim to reduce the spread of blood-
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borne diseases among injection drug users by providing users with sterile syringes and a 

safe syringe disposal site. 19 As such, they aim to improve the overall quality of life 

among those who suffer from opioid addiction. To that end, studies have shown 

syringe service programs have been associated with reductions in the transmission of 

HIV as well as hepatitis B and C. 20 Moreover, areas with access to syringe service 

programs have shown decreases in needle sharing as well as syringe reuse. 21 Finally, 

because syringe service programs act as safe syringe disposal sites, areas with access to 

syringe programs commonly show decreases in needles improperly discarded on the 

streets, rather than increases as some would expect. 22 Syringe service programs have 

shown no evidence indicating the potential to cause societal harm. 23 Syringe service 

programs primarily aim to reduce the risk of harm due to illegal drug use. Beyond 

providing access to clean needles, syringe service programs provide drug treatment 

referrals, access to educational materials, and other critical healthcare needs. To that 

end, syringe service programs meet addicts where they’re at. They help guide addicts 

to recovery at their own pace. Studies have shown significant portions of addicts have 

entered into detoxification and recovery programs after interacting with a syringe 

service program. 24 As such, syringe service programs serve as a critical bridge, linking 

addicts with the treatment options they’ll need when they are ready.  

Finally, safer injection sites take the mission of syringe service programs one 

step further. They aim to minimize the risks associated with injection drug use by 

providing a location for addicts to use injection drugs under close medical supervision. 



 

124 
 

25 In doing so, safer injection sites ensure the use of sterile needles, reducing the spread 

of blood-borne pathogens.  More importantly, they provide immediate access to 

medical care, thereby reducing the likelihood of death due to accidental overdose. One 

study monitoring a safer injection site in Vancouver recorded 0 deaths across 336 

accidental overdoses in 18 months. 26 Several other studies have shown similar 

reductions in overdose mortality, as well as reductions in the length of hospital stays, 

among users with easy access to safer injection sites compared to users without access. 

27 Moreover, safer injection sites have been shown to reduce rates of blood-borne 

pathogen transmission as well as the rate of injection-related infections. 28 Safer 

injection sites have shown clear evidence of reducing the harm associated with illicit 

opioid use. Despite the evidence indicating the benefit, safer injection sites have 

remained the subject of significant controversy. Safer injection sites allow addicts to 

use illicit drugs without the fear of legal repercussions. As such, they have garnered 

unwarranted criticism for encouraging illegal drug use. In reality, however, safer 

injection sites provide access to counseling, detoxification and recovery programs, and 

addiction education materials, giving addicts control over their own recovery. 29 As a 

result, safer injection sites have been consistently associated with increased rates of 

detoxification service use as well as long-term recovery program initiation. 30 Despite 

the stigma, safer injection sites have been proven to be effective in the reduction of 

harm associated with opioid use as well as the promotion of addiction recovery options. 
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Therefore, safer injection site programs deserve our support in an effort to end the 

opioid epidemic in our country.  

Over and over again, harm reduction programs have demonstrated reductions in 

disease transmission and overdose death. Over and over again, harm reduction 

programs have been associated with increased rates of detoxification and long-term 

recovery. Over and over again, harm reduction programs have shown reduced 

community harm in the form of reduced crime rates and drug-related litter. Despite the 

clear benefit, the social and political controversy surrounding harm reduction programs 

remains. Local, state, and federal laws all limit, even inhibit, the efficacy and 

implementation of harm reduction programs. Of the harm reduction programs 

presented, opioid substitution programs may be the most widely accepted and 

supported. With that said, they face significant hurdles. The ability of physicians to 

prescribe methadone is strictly regulated and controlled, and the ability of patients to 

receive access to buprenorphine is limited by access to insurance. 31 As a result, very few 

drug treatment facilities in the US have the ability to offer opioid substitution therapy. 

32 To that end, less than 10% of individuals suffering from opioid dependence receive 

access to a methadone treatment option. 33 In contrast, syringe service programs and 

safer injection sites remain significantly more controversial. 34 Where opioid 

substitution programs are currently facing an uphill legal battle, syringe service 

programs and safer injection sites have run into a political and legal brick wall. Several 

states currently have legislation banning the operation of syringe service programs. 35 



 

126 
 

Many more states, including Pennsylvania, only allow syringe services by local 

legislation, not statewide. 36 Only 3% of the estimated need for syringe service 

programs is currently being met in the United States, resulting in unnecessary deaths 

due to the transmission of blood-borne diseases. 37 Most controversial of the three 

programs, safer injection sites are currently illegal under federal legislation. 38 

Moreover, very few state governments have introduced legislation legalizing the 

operation of safer injection sites. 39 To date, only one program is in operation in the 

country. 40 Evidence and scientific study have continuously shown harm reduction 

programs to be effective in reducing the risks associated with opioid use, and ultimately 

encourage addicts to seek out recovery options. However, current legislation 

significantly limits our ability to provide these life-saving services to those that need 

them most.  

The opioid epidemic is running rampant in our country. Nearly every year since 

1999, we have seen a record number of deaths due to drug overdose. 41 Over the past 

year alone, over 100,000 people, 100,000 citizens of this country died from drug 

overdose. 42 Our current measures are not working to stop or even slow the opioid 

epidemic. Harm reduction programs, such as opioid substitution programs, syringe 

service programs, and safer injection sites, may represent the change we need to turn 

the opioid epidemic around. Strong evidence has tied harm reduction programs to 

reductions in overdose death, blood-borne disease transmission, and crime rates. 

Moreover, they have been shown to increase enrollment in detoxification and long-
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term recovery programs. However, despite the strong evidence in favor of harm 

reduction programs, current legislation limits their efficacy. How can we hope to 

reverse the impact of the opioid epidemic if our hands are legally tied? We need a 

change. Support harm reduction legislation. 

 

Sincerely, 

A Concerned Citizen 
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