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about the Gold Papers
From deep within the belly of the Food Science and
Human Nutrition department at Colorado State
University, came the idea for this project. A motley
group of graduate students decided to clarify some of
the confusion surrounding "health" while honing their
scientific communication skills. This gave rise to the
birth of the Gold Papers–a CSU flavored spinoff to
White Papers, which aims to summarize current
research and perspectives in their fields of expertise.

"Studies Show…"
Interpreting the Confusing World of Science
By Kieran Abbotts
The supplement industry is booming. Turn on
your TV and you see ads for products claiming to
make you skinny, give you muscle, and a host of
other improvements. They claim that “studies
show…” or “science says…” in support of their
miracle product. Now let me spoil something.
Those claims aren’t always supported by
research. Shocking I know right? While some
companies say science backs their product, this
can be an overinterpretation, or
misrepresentation. But you don’t do that
research. How are you (the consumer) supposed
to know which claims are legit and which claims
are… less so?
That’s a tough question. There are real difficulties
with interpreting scientific research. Scientists
tend to write for other scientists and historically
aren’t great at getting their message across to
anyone else. And trust me, it’s tough to explain
your science to someone who isn’t in your field.
When friends and family ask me what I am doing,
the conversations follow a familiar pattern. They
ask, I tell them, and they walk away more
confused than ever.

can/should apply it in your own life.
In framing this discussion, I am going to use the
claims made by a fitness drink brand which they
say are backed by science. Full disclosure, I like
this drink. I think it tastes good and it’s full of
caffeine which helps keep me awake during
nocturnal study sessions. I am not claiming they
are good or bad, just using them as an example
to evaluate some of their claims (outlined here)
and the science behind them.
Question 1: Was this study conducted in
humans or a non-human model system?

Most research studies utilize animal (i.e., mice)
and cell models to investigate biological
questions of interest in humans, for various
ethical reasons. Our furry friends have sacrificed
quite a lot in the name of science. They are
amazing and have laid the groundwork for many
important discoveries. However, we aren’t mice.
Though research animals are invaluable models,
things are different between humans and them.
Some of these differences are discussed in this
review about inflammation. When trying to
So, how is someone who doesn’t research a
decide if a study is applicable to you, make sure
particular area supposed to interpret findings
you are aware of if it’s an animal study and note
and apply them to yourself? Discussing every
the researcher’s discussion on whether the
little thing you need to consider might take an
results can be extrapolated to humans, or
entire book. In this article I’m going to outline five further investigation is needed.
questions to ask/things to consider when trying
to interpret claims. Think of this, not as a
Looking at the example fitness drink, all the
comprehensive examination, but a quick litmus
studies were conducted in humans. Awesome.
test. The goal here is for you to be able to ask
On to the next important question.
these five questions and get an idea of whether a
study is being mischaracterized and whether you

Question 2: What are the details of the
system or group in which the study was
conducted?

Authors should, and usually do, mention these
factors in the discussion/interpretation of the
study.

To understand how applicable (or not) a study is
to you specifically, you must first understand a bit
about the group(s) in which the study was
conducted. As humans, we are all very different.
Physiologically things change based on a variety
of factors such as age, health, fitness, etc. You
could pump me full of everything Lance
Armstrong was on, and I still probably couldn’t
finish the Tour de France, let alone win.

For the example fitness drink, if they had
reported correlations, we would need to ask
ourselves, what else might have contributed to
this finding? Is there something that could have
influenced what they found and is it addressed
by the authors? If there is, we need to consider
what is the main factor driving the association.
However, these studies examined effects of
supplementation and tended not to report
correlations.

Maybe that is a poor hypothetical. A real example
are the claims of the fitness drink (here) and the
populations in which it was researched. Looking
at the studies, you can see that there are a
variety of populations included such as active
individuals, those with obesity/overweight, college
aged individuals, and more. In examining their
claims think about the similarities and differences
between you and the group(s) studied.
Question 3: Is this correlation or causation?
Certain studies examine correlations (or
associations) between different variables. These
types of studies are extremely useful and can
provide important evidence about if two variables
are linked. However, correlation does not equal
causation. Just because two factors are
associated, doesn’t mean that one causes the
other. For example, one study found a significant
association between marijuana use and lower
levels of fasting insulin, insulin resistance, and
lower BMI in individuals who currently used
marijuana. Sounds incredible right? Potentially…
There could be many other factors that influence
these results such as physical activity and diet.

Question 4: How sensational is the finding
or claim?
Sensational products get sold, and sensational
stories get clicks. But panaceas rarely exist. That
doesn’t stop products from being marketed as
such or claims from being overstated. My
general rule (and one I think works in most
situations) is that a healthy dose of skepticism
goes a long way. Consider what others are
saying about the claim. Is there consensus as to
the effects of the product? If so, maybe the
product does work but it is better to proceed
with caution.
Back to the example fitness drink. The claims of
increased thermogenesis (heat production) and
improved metabolism seem like they are
overstated. As you read through the study
conclusions, the authors highlight potential
limitations and urge caution when interpreting
their results. It is important to keep in mind that
all studies have limitations. Understanding this
will help you develop a more informed

perspective while sifting through news and
research. Here it might be beneficial to be a
skeptic.
Question 5: What are the researchers
saying?
Science is a cautious discipline. Researchers are
often quick to use clarifying words like “suggests”
or “indicates” and acknowledge what they don’t
know on a topic. It is important to listen to what
the actual researchers are saying (especially
regarding sensational claims outlined in
question 4). Looking for this kind of language (as
seen in the conclusion to this study) can be
helpful in determining whether results are being
mis- or overinterpreted.
Many conclusions to the studies highlighted by
the fitness drink are significantly more tentative
than the claims of the drink makers. I won’t go
through them one by one but based off their
conclusions, the drink appears safe and
potentially effective, but the size of the effect
requires further research.
Bonus question: Are reported findings
statistically significant?
A study reports that “X” is statistically different
from “Y” because some p-value was less than
0.05. Ok, but what does this mean? Is this
important?
Researchers use p-values to determine statistical
significance in a hypothesis test, a procedure
used to evaluate aspects of the population from
a sample of that population.

The p-value represents the probability of
obtaining some difference (e.g., difference in
calories burned) at least as extreme or more as
that observed in the sampled population,
assuming that there is no actual difference
between the population and sampled
population. So, when we have a p-value equal to
0.04, we interpret this as there being a 4%
chance of obtaining the observed difference in a
sample due to random sampling error even
though there is no difference between the
sample and the population. Thus, the hypothesis
test is an important tool for helping researchers
evaluate the likelihood of this possibility. It is
important to note that although the p-value
incorporates the effect size (in addition to the
sample size and variability of the data), it does
not describe the magnitude of the effect or
difference. Both are important to consider and
should be accompanied by an estimate of their
precision.
There you have it. Six things to consider when
interpreting claims made by companies that are
“backed by science.” Go forth and interpret, with
a healthy dose of skepticism.

From Bronze to Gold: How to Sleep your Way to the Top
By Sophie Seward, M.S.
In 2019, an iconic athletic feat was achieved
when Eliud Kipchoge shattered the 2-hour
marathon barrier, covering 26.2 miles in a
shocking 1 hour 59 minutes 40 seconds (4 min
34 seconds per mile). If you are a distance
running fanatic like myself, the image of
Kipchoge, smiling, as he crossed the finish line
marked a day in history where previous notions
of what is possible were thrown to the wayside.
Prior to this accomplishment, the Nike Project
and other long-distance running gurus have
joined forces with scientists to identify ways to
optimize performance. Lots of attention has
been given to optimizing training and nutrition.
There have even been efforts to optimize
running position to minimize wind resistance.
However, one fundamental pillar that often gets
left out of the conversation is optimizing sleep.
Sleep is a critical aspect of athletic performance.
Just one night of total sleep loss is shown to be
detrimental to cardiorespiratory performance. In
a study conducted in the United Kingdom, eleven
males were asked to complete 2 randomized 30minute treadmill runs at 60% of their determined
maximal oxygen consumption (VO2max). In one
condition, the participants received normal sleep
prior to the treadmill test and in the other
condition, participants where not allowed to
sleep 30-hours prior to treadmill test. The
participants covered less distance given the
same effort after 30-hours of sleep deprivation
compared to after a normal night of sleep.
Along with hindered performance, sleep
deprivation is linked to increased risk for athletic
injuries.

In an online survey completed by 160 student
athletes grades 7 to 12, researchers found a
relationship between the hours of sleep per
night and injuries related to athletics. In fact,
according to the survey, athletes who slept less
than 8 hours at night on average were 1.7 times
more likely to have an injury compared to
athletes who received adequate sleep.
On the flip side, optimal sleep is positively
associated with improved athletic performance.
In a study examining athletes during a national
netball tournament, athletes’ sleep was
monitored using wrist actigraphy and sleep
diaries for several weeks. The teams that slept
more finished higher in the tournament
compared to the teams that slept less.
Additionally, this study found over an hour
discrepancy between actigraphy data and sleep
diaries recorded by athletes, suggesting that
athletes may report being in bed much longer
than they are actually sleeping. Altogether, these
data reveal the importance of optimal sleep for
performance.
As evidence supports, a lack of sleep is
detrimental to performance. Why then is it that
the majority of athletes report not getting the
recommended amount of sleep each night? One
study of 532 German athletes from a variety of
sports showed that 65.8% of these athletes had
difficulty getting the recommended amount of
sleep each night. Issues with sleep quality and
sleep quantity appear to be exasperated prior to
competition, likely due to pre-competition
anxiety or travel. Thus, athletes need a solution
to combat their difficulties with poor sleep to
optimize performance.

Wearable technology is a promising prospect for
athletes trying to optimize performance. In fact,
sleep tracking has already emerged among elite
athletes like Kipchoge. Polysomnography (PSG) is
the gold standard in the laboratory setting to
measure sleep. However, PSG sleep tracking is
expensive and requires sleep experts to properly
put on the equipment and determine the sleep
staging. Less expensive and accessible options
are becoming more readily available. Wearables
like Apple watch, Garmin watches, Oura Rings,
and Fitbit all have sleep tracking capabilities.
Recently, the wearable sleep tracking device
‘Oura’ and the gold standard PSG were compared
in 41 healthy adolescents and young adults in a
single laboratory overnight stay. This study found
that the Oura ring successfully measured total
sleep time compared with the PSG but was less
accurate measuring exact sleep stages.

As a result of postponing the summer Olympics
last year due to COVID-19, both the Summer
and Winter Olympics will be held for the first
time in the span of a year. All around the world,
the top athletes will compete in various events
and skills to determine who is the best. To
perform at the top of their ability, athletes will
look for ways to optimize their performance.
Optimizing sleep, along with training and
nutrition, is a crucial way to improve
performance and minimize injury. Tracking sleep
with wearable technology is one promising
prospect for athletes trying to improve sleep
quantity and quality.

By Wenceslao Martinez

My name is Wenceslao Martinez and I am a
Mexican-American graduate student. I often find
myself searching the room for people who look
and identify as I do. Diversity, equity, and
inclusion are topics that are becoming more
pervasive in the minds of college educators and
administrations. However, I am unconvinced that
colleges are doing enough to increase diversity
in college campuses, especially for Latinos in
STEM fields.
From 2000 to 2017, Latino enrollment in
undergraduate degree programs within the U.S.
increased from 9% to 19%. In 2017 alone,
Latinos made up 14% of all STEM bachelor’s
degrees and 7% of doctoral degrees, more than
doubling since 2000. Despite this progress, I am
often the only Latino person in the room.

This observation has led me to wonder why there
aren’t more people that look like me in graduate
school. Then I look at the professors who teach
the classes I’ve been in.
In seven years of taking undergraduate and
graduate level classes, I have never had a Latino
professor. In fact, less than 5% of U.S. college
faculty are Latino, and only 0.8% of them achieve
tenure. Even in states with large Latino
populations such as Texas, Latino faculty are
severely underrepresented and sometimes
underpaid compared to their White colleagues.
Moreover, less than 3% of STEM faculty in the
U.S. are Latino. Underrepresentation of Latinos
in STEM contributes to the lack of Latinos
choosing a career in STEM.

The career choices that students decide upon
are based on their self-identity. In turn, selfidentity is strongly influenced by the role models’
students interact with. For example, if a Latino
student is surrounded by Latino scientists, then
that student is more likely to develop a personal
connection and self-identify as a “scientist”. This
is why representation in science matters. My
choice to become a scientist was, in part,
influenced when I watched a Puerto Rican
investigator from the National Institutes of Health
give a seminar talk about her research. The mere
presence of having someone in the room who
holds a prestigious academic position and looks
like me was enough to realize that I can become
a scientist.

If you are a Latino in STEM, join organizations
such as SACNAS or the National Hispanic
Science Network that will connect you with other
Latinos in STEM. Make your voice heard using
virtual platforms such as Twitter or Instagram, or
even starting your own blog. If you are in a
position to mentor, consider mentoring a Latino
student.

2. Recruit Latino students from Latino-serving
institutions. The pipeline of Latino students who
get accepted to graduate school and higheracademic positions is geared towards those who
attend “elite” institutions. Rather than focusing
recruitment from elite institutions, I suggest
concentrating recruitment to Latino or Hispanicserving institutions (HSIs) such as Colorado State
Given that representation in science is critical
University-Pueblo with a 34% Latino-student
and progress is slow, what is the solution to
population and Metropolitan State University of
increase Latino representation in STEM? Here
Denver with a 31% Latino-student population.
are a few suggestions that I believe would make a HSIs make-up 4% of all universities in the U.S.,
meaningful impact based on my experiences:
but enroll 67% of all Latino students.
Recruitment from HSIs, whether it is for
1. Make our presence known. The more
graduate school or summer-research
exposure Latinos get in science, the more likely
undergraduate internships, will increase
they are able to influence Latino students into
exposure to Latino-students to STEM careers
pursuing STEM careers. As mentioned earlier,
and beyond.
seeing a Latino scientist succeed at the NIH had
a strong influence on me considering a career in 3. Exposure to research opportunities in science
science. Exposure can be accomplished through is essential. A major barrier for Latino students
many avenues. Institutions should consider
planning on applying to graduate school is a lack
hiring more Latino professors. Graduate
of research experience. This arises from an
departments should diversify their seminar
inadequate exposure to scientific research
guest-speaker list and invite Latino scientists to
throughout undergraduate studies, as well as a
present seminar talks. STEM curriculums should lack of guidance on how to obtain research
incorporate education about minorities in
experiences as post-baccalaureate students. It
science, especially during celebration months
was not until my senior year of college that I
such as National Hispanic Heritage Month.
found out that research was a career option. If
College departments should participate in
academic institutions want to recruit and retain
science outreach activities to Latino and
more Latinos in STEM, then an honest effort
minority-serving schools.
must be done to make it known to Latino

students that a career in STEM can be a reality
for them.
This can occur by guiding and motivating Latino
students to seek research opportunities, in their
home institution or away. If possible, those in
higher academic positions should establish close
mentor-mentee relationships with the students.
These are but a handful of suggestions to a very
complex problem here in the U.S. However, it
does not have to be a complicated process to
recruit Latinos into science. When there is a lack
of diversity, everyone in our community suffers.
Nearly 20% of the population in the U.S. is Latino,
which makes us a large group of people to
cultivate and develop talent in STEM. As
population demographics evolve in the U.S.,
diversity will be key to approach and solve
problems associated with those changing
demographics such as accessibility to medical
care, improving education, and enhancing healthdisparity research. Ultimately, I believe
representation is an essential step into changing
beliefs and perceptions about what we can
accomplish as a population. It is my hope that
one day, it will be common for a Latino student
to dream of becoming the next director of the
National Institutes of Health.

Eating for Two—Your Gut Microbiota and You
By Raj Trikha, M.S.
Over the past half century, the American diet has
changed dramatically. Dietary fat and processed
sugars have increased, while fiber consumption
has decreased. These dietary patterns make up
the Western diet and contribute to an increased
prevalence of obesity. Current estimates predict
that more than 50% of Americans will become
obese in next 10 years. Obesity increases one’s
risk for chronic diseases like heart disease, which
is the number one cause of death worldwide.
Though it is not completely clear how obesity
contributes to heart disease, evidence supports a
role for the gut microbiota—the trillions of
resident microorganisms in our intestines.
The gut microbiota were discovered over 100
years ago, though recognition of their vast
contribution to human health and disease has
occurred only recently. Diet has emerged as the
primary regulator of our gut microbiota, with the
Western diet being shown to disrupt microbial
stability; producing a condition know as dysbiosis.
Our lab, at Colorado State University, studies how
a Western diet contributes to heart disease.
Recently, we have shown that feeding mice a
Western diet causes blood vessel dysfunction
(e.g., arterial stiffness and endothelial
dysfunction), a precursor to heart disease. After
these mice developed blood vessel dysfunction,
we then administered broad spectrum antibiotics
to kill gut microbiota. Remarkably, this eliminated
the blood vessel dysfunction–reversing their
progression of heart disease. This suggested that
the Western diet encouraged growth of harmful
gut bacteria which appear to contribute to heart
disease.

But how do a collection of bacteria and other
microorganisms lining our intestines play such an
influential role on our overall health? The
combination of these microorganisms and their
genes, which exceed our own genome, are
collectively called the gut microbiome. This shear
metabolic potential allows our gut microbiome to
process foods that we consume and turn them
into molecules that our body can use or respond
to. A great example of this is fiber fermentation.
Our bodies cannot digest dietary fiber, rather
these complex carbohydrates are broken down
(fermented) into many different products by our
gut microbiome. Butyrate, a short chain fatty acid,
is one such example that imparts beneficial
health effects. Individuals with high levels of
butyrate producing bacteria were found to be
protected from heart and metabolic dysfunction
compared with individuals without those bacteria.
To optimize our health and the health of our gut
microbiome, individuals should select certain
diets with high levels of fiber and other plant
products. Microbiota targeting diets have
increased over the past few decades. One
common diet used to alter the gut microbiome is
the low FODMAPs (Fermentable Oligosaccharides,
disaccharides, monosaccharides, and polyols)
diet. In certain populations suffering from irritable
bowel disease or colitis, FODMAPs can cause an
inflammatory response causing painful symptoms
after eating. The literature has demonstrated that
reducing FODMAPs may alleviate symptoms of
irritable bowel syndrome and colitis. Another diet
used to target the microbiome is a high fiber,
plant-based diet.

Fiber is found in many varieties of fruits and
vegetables, and as previously mentioned, can
fuel some bacterial species that produce
beneficial products.
If altering your food choices doesn’t sound
appealing, have no fear. Scientists are now
studying the effects of pro- and prebiotics on
microbiome function. Probiotics are food
products that contain live bacteria which can
colonize your gut and alter your gut microbiota,
conferring health benefits. Fermented foods,
such as kombucha and yogurt, are commonly
consumed probiotics. Prebiotics, on the other
hand, are a fuel source for select bacteria and
include things like fiber and other whole plant
foods. Studies investigating the potential benefits
of pro- and prebiotics, however, do not always
show robust results. Nor do scientists agree on
their role in promoting health benefits.

For example, some studies show that pre- and
probiotic consumption can improve intestinal
disorders like acute diarrhea and vomiting in
children. While other studies have shown that
probiotics can provoke adverse health events.

A study out of the Weizmann Institute in Israel
examined the effects of probiotics on antibioticinduced alterations to the gut microbiome.
Antibiotics kill off bacteria without great
specificity, as such they can disturb our gut
microbiome.
In the study, half of the participants consumed
probiotics immediately after a regime of
antibiotics to help repopulate their gut
microbiota. In theory, this is a logical idea. In fact,
many healthcare providers already recommend
this treatment. However, the results
demonstrated that probiotic supplementation
actually delayed an individual’s gut microbiome
return to baseline. These contrasting
observations demonstrate the need to continue
studying the health effects of pro- and
prebiotics.

Our laboratory’s antibiotic experiments provided
proof of concept that the gut microbiome is a
therapeutic target for treating blood vessel
dysfunction, but antibiotic therapy cannot simply
be translated to people.

Serious ethical concerns preclude our ability to
eliminate a highly influential aspect of our
physiology. And, as we learned above, we still
have not quite figured out the best way to
repopulate these microorganisms once they are
gone.
Recently, phage therapy—using bacteria specific
viruses to kill ‘bad’ bacteria—has emerged as a
promising new treatment for antibiotic resistant
bacterial infections. So far, it seems that the
specificity afforded by these viruses allows our
gut microbiota to go unscathed during
treatment. One study investigated the
effectiveness of E. coli-targeting bacteriophages
on a cohort of normal to overweight adults. After
28 days of supplementation, researchers
observed reductions in E. coli within participant’s
stool without obvious changes to the diversity of
the individual’s gut microbiome; confirming the
effectiveness of phage therapy. Furthermore,
others have demonstrated that phages can assist
the benefits of common probiotics. Though not
commonly prescribed yet, phage therapy shows
promise in targeting ‘bad’ bacteria without
simultaneously harming our gut microbiota.
Across the board, many therapies have been
shown to improve our gut microbiome and
provide beneficial health outcomes. However,
these effects can vary from person to person. On
top of this, research specific caveats exist. Was it
an observational study versus a randomized
controlled trial? Was the study conducted in
humans or a non-human animal model?
Importantly, studies examining the gut
microbiota have consistently demonstrated
heterogeneity between individuals.

This difference, often demonstrated as measures
of beta diversity (interpersonal or temporal
differences), is due to a myriad of factors and is
highly regulated by the foods we eat and the
environment with which we surround ourselves.
Luckily, these communities, and more
importantly, these relationships, are dynamic.
Developing a better understand of our gut
microbiome as a confounder will help us
interpret research and the deviations that may
arise. From choosing certain foods to trying
different therapeutic agents, we are at the
forefront of understanding our relationship with
our gut microbiota.
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