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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. The result of

their efforts 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.



When someone says the word “inflammation”,
what initially comes to mind? 
 
I previously thought of inflammation as solely a
harmful condition. However, inflammation is
actually a normal component of our immune
system — the network of cells and proteins
within our body that helps protect us against
infection. When our immune system is activated,
these proteins and cells give rise to
inflammation, which typically induces four
cardinal symptoms (redness, swelling, pain, and
heat). Sound familiar? 

My interpretation of inflammation was consistent
with some historic figures. Aulus Celsus (a
Roman writer who lived from 30 BC to 45 AD)
and Aelius Galenus (the physician and surgeon of
the Roman emperor Marcus Aurelius) are
credited with first observing and describing the
aforementioned, ‘harmful symptoms’ of
inflammation. However, other historic figures
such as Hippocrates, believed inflammation to be
a natural healing process after injury and/or
infection to tissues and organs. 

Consistent with Hippocrates beliefs, Edward
Jenner (the father of vaccinology) discovered that
the inoculation of a harmful pathogen (i.e. a
foreign invader such as cowpox) can elicit an
immune and inflammatory response, which
protects one’s cells and tissues from subsequent
infection. 

These historic accounts highlight the complicated
nature of immune function and inflammation.
Indeed, confusion regarding the effects of
inflammation and an activated immune system
on health persist today. Most people know that
inflammation exists but don’t understand how
long it lasts or how it can both protect and
endanger us. Since a little bit of inflammation is
always present within our bodies, it must be that
factors such as infection risk or severity and
lifestyle habits help determine if inflammation will
be good or bad for our health. 

 

 

Inflammation: Is it All Bad? And How Does its
Dysregulation Cause Us Harm?

 By Elliot Graham

https://www.niaid.nih.gov/research/immune-system-overview
https://www.ncbi.nlm.nih.gov/books/NBK53379/
https://www.ncbi.nlm.nih.gov/books/NBK53379/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1200696/


Research demonstrates that an acute or ‘short’
inflammatory response in muscles following
prolonged exercise can encourage muscle growth
and hypertrophy. So, acute inflammation can
actually help build muscle! In blood vessels, an
acute inflammatory response as a result of vessel
injury from invading viruses or bacteria can also
help prevent further vessel deterioration as well
as repair the injured vessel. Of course, acute
inflammation in response to an invading
pathogen aims to kill the pathogen and pathogen-
infected cells. However, in addition to this, acute
inflammation can further help our healthy cells
become resistant towards the invading pathogen!
As such, acute inflammation plays a protective
role within our body by helping restore tissue
integrity while minimizing the detriments of
infection. 

As previously mentioned, the role and effects of
inflammation however can vary because
inflammation exists on a spectrum. Too little or
too much can be detrimental. Lifestyle factors
such as poor diet, lack of sleep, increased screen
time, and low physical activity are known to affect
our immune system, leading to over-activation
and dysfunction. When this over-activation occurs
repeatedly or for long periods of time
(characterized as chronic low-grade
inflammation), it can cause alterations in overall
health — increasing one’s risk for cancer as well
as cardiometabolic, cardiopulmonary,
gastrointestinal, neurological, and autoimmune
diseases. In light of this, it is important to note
that a healthy lifestyle is a powerful tool in the
prevention of chronic inflammation, reduction in
disease risk, and extension of overall health-span.

Although it is impossible to refute the role of
'chronic' inflammation in disease development
and progression, inflammation is an essential
component of our immune system, protecting us
from infection and tissue injury. Therefore, the
length and intensity of an inflammatory
response, regulated by many factors, is
predictive of inflammation’s toll on human
health.

As previously mentioned, the role and
effects of inflammation however can
vary because inflammation exists on a
spectrum. Too little or too much can be
detrimental....it is important to note
that a healthy lifestyle is a powerful tool
in the prevention of chronic
inflammation, reduction in disease risk,
and extension of overall health-span.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4163639/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4163639/
https://www.ncbi.nlm.nih.gov/books/NBK26846/
https://www.ncbi.nlm.nih.gov/books/NBK26846/
https://consultqd.clevelandclinic.org/the-role-of-the-western-diet-in-inflammation/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3548567/
https://www.sciencedirect.com/science/article/pii/S2666337620300081


Reproducibility and replicability in science is
under increased scrutiny by institutions of higher
learning, researchers, and funding organizations
like the NIH and NSF. Since 2015, publications
mentioning reproducibility as a “crisis” have
skyrocketed. A survey of 1,500 scientists taken in
2016 showed that 70% of researchers failed to
reproduce another scientist’s work when they
tried. In 2019 The National Academies of Sciences
Engineering and Medicine (NASEM) published a
book addressing the problem, entitled
“Reproducibility and Replicability in Science”. It is
clear the scientific community recognizes there is
a problem generating replicable and reproducible
research. 

But what makes an experiment reproducible?
What makes it replicable? NASEM defines each of
these terms very well in their book, but I found
Patrick Schloss’ definitions easier to understand.

“Reproducibility is the ability to regenerate a result
with the same data set and data analysis workflow
and replicability is the ability to produce a
consistent result with an independent experiment
asking the same scientific question” 
P.D. Schloss, 2018

The leading causes of irreproducibility are
inconsistency in biological reagents, errors in
study design, and unclear data analysis and
reporting. When scientists were asked what they
thought caused irreproducible research, most
pointed to selective reporting, pressure to
publish, and low statistical power as the problem.
Microbiome research is especially susceptible to  

reproducibility and replicability issues because of
its reliance on ever advancing sequencing
technology that produces massive datasets.

Sequencing data are processed using a variety of
software, much of which produce different
results depending on the settings and the
version of the software used. However, the
largest variation between microbiome studies
comes from the DNA extraction protocols.
Differences in DNA extraction procedure and
reagent consistency represent a significant
problem for microbiome research replicability.
Fortunately, solutions to these problems exist.

Microbiome research reproducibility and
replicability can be greatly improved by adopting
community-wide standards and practices and
committing to complete data and analysis
transparency. 

Is Microbiome Research Reproducible? Barriers and
Solutions to Replicable Science for the Digital Age

 By Ikaia Leleiwi, M.S.

https://grants.nih.gov/policy/reproducibility/index.htm
https://www.nsf.gov/news/mmg/mmg_disp.jsp?med_id=79236
https://www.pnas.org/content/115/11/2628
https://www.nature.com/articles/533452a
https://www.nap.edu/catalog/25303/reproducibility-and-replicability-in-science
https://mbio.asm.org/content/9/3/e00525-18
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1002165
https://www.nature.com/articles/533452a
https://www.technologynetworks.com/genomics/articles/an-overview-of-next-generation-sequencing-346532
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-019-1843-8#:~:text=Standardization%20in%20microbiome%20analyses%20is,extraction%2C%20sequencing%2C%20and%20bioinformatics.


Protocols like those outlined in the International
Human Microbiome Standards and the
Microbiome Quality Control project begin to
address this problem of standardization. A
recently published article in the journal
Microbiome outlines the production of the first
reference reagents for microbiome analysis by
the National Institute for Biological Standards
and Control. These are manufactured samples of
a known quantity of DNA that can be spiked into
a sequencing run and used to normalize
variation between runs. 

Labs like those managed by Rob Knight and
Patrick Schloss actively publish meta-analyses
aimed at addressing reproducibility, providing
best standard practices and suggested analyses. 

Containers, like Singularity or Docker, can be
used to reproduce bioinformatics workflows. A
complete operating system, along with each of
the tools used — of the correct version and with
the same settings chosen — can be stored in a
virtual container providing comprehensive
workflow reproducibility. When researchers
containerize their analyses and publish well-
labeled and easily accessible raw data, the
reproducibility of their work is enhanced.
Journals should require this kind of detailed
reporting for publication, and researchers should
strive to provide this holistic access to their
analyses and raw data. 

Work dependent on public gene databases is
common in microbiome research. Gene
databases offer repositories of genetic
sequences and associated annotations,
functions, and taxonomy. These resources are
constantly expanding and updating with the
latest sequencing. 

While up-to-date databases make for better
references in microbiome research, they also
represent a source of irreproducibility for older
studies. Certain animal models are
underrepresented in available databases.
Because of this, replicability of studies utilizing
these animal models is negatively affected. 

Appropriate containerization by researchers
and antecedent server curation, allowing access
to older versions of databases, would preserve
reproducibility as databases evolve.

Replicability is also enhanced as more
microbiome data is added from diverse animal
models. Proper digital record keeping, and
database maintenance, are critical to study
reproducibility in the digital age.

Microbiome research is uniquely positioned to
combat the lack of reproducibility and
replicability in science due to its reliance on
sequencing analysis software and gene
databases. With little effort, scientists can
containerize their workflows and record their
analyses. Gene databases can make older
iterations of their resources available to
preserve reproducibility as new curations are
added. Global adoption of sequencing
standards and DNA extraction protocols will
increase replicability in microbiome science.
However, meaningful change requires earnest
participation by researchers, journals, and
funding organizations dedicated to producing
and sharing reproducible and replicable
research. 

https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-020-00856-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5050012/
https://mbio.asm.org/content/7/4/e01018-16
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0177459
https://repository.stcloudstate.edu/cgi/viewcontent.cgi?article=1091&context=msia_etds


BEEP. BEEP. BEEP. The incessant sounds of a
smart phone alarm clock, already on its third
snooze cycle, annoyingly reverberate throughout
the otherwise quiet walls of a disgruntled
teenager’s room. His mother, increasingly
frustrated by the 9-minute renewal of the noise,
callously bursts through the door with the
conviction of a parent who has long since
forgotten the plagues of adolescence.

“You are going to miss the bus!” she yells,
allowing no patience for her son to stretch out
the sleepiness that has crept into his legs and
promptly removes the protective barrier that the
blanket provides.

Startled awake, the teenager looks at his clock,
sees that it is 6:27 a.m. Realizing that 
he has three minutes to spare before the bus
leaves, he wastes no time stuffing his bookbag
with his advanced placement history assignment
from the night before and a pair of running
shoes for cross country practice later that
evening. With Olympic runner effort, he sprints
towards the waiting bus in the same outfit he has
worn for the past three days.

As she watches her child hastily make his way
out the door, the mother mutters expletives
under her breath, cursing his laziness. Yet in all
her brooding, she neglects to reflect on the
experiences of her youth, when the ability to
complete schoolwork was best done after sunset
and the ability to wake up prior to sunrise was
excruciating. Perhaps if she had, she could have
come a little closer to understanding the nature
of the teenage struggle to wake up at the sound
of the alarm.

Unfortunately, the teenager in this story
represents a majority of teenagers in the United
States today. The American Academy of Sleep
Medicine (AASM) recommends that children
between the ages of 13-18 years old should
sleep 8-10 hours each night. However, evidence
shows that 7 out of 10 high schoolers in the
United States do not achieve the recommended
amount of sleep. 

Teenagers are not getting enough sleep due, in
part, to the biological changes in circadian
rhythm that occur as a part of the aging process.
Circadian rhythm is the internal clock in our
bodies that drives our sleep and wake cycle.
Melatonin is one hormone that anchors us to our
circadian rhythm and alert us to when we are
tired and ready to go to sleep. As we age, our
circadian rhythm changes. In adolescents,
circadian rhythm tends to be shifted later and
melatonin production does not rise until late into
the evening compared to younger children and
adults. This preference towards a certain
circadian phase is known as chronotype.

Sleep scientist and expert, Dr. Matthew Walker,
in his book “Why We Sleep,” has noted that the
circadian differences between adolescents and
their adult parents can be around 2-3 hours.  

BENEFITS OF DELAYED SCHOOL START TIMES
By Sophie Seward, M.S.

https://www.cdc.gov/healthyschools/features/students-sleep.htm
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5812312/
https://pediatrics.aappublications.org/content/134/3/642.short
https://pediatrics.aappublications.org/content/134/3/642.short
https://www.sleepdiplomat.com/author


Therefore, he suggests that asking a teenager to
fall asleep at 9 p.m. is the biological equivalent to
asking an adult to fall asleep at 6 or 7 p.m. Similarly,
he suggests that asking a teenager to wake up at 6
a.m. is the biological equivalent to asking an adult
to wake up at 3 or 4 a.m. 

Despite research showing that adolescents have a
delayed circadian rhythm, they are often asked to
conform to a schedule that favors an adult-like
circadian schedule. 

School start times have gained recent attention in
contributing to insufficient sleep amongst
teenagers. In 2014, it was reported that 93% of all
high schools in the United States began prior to
8:30 a.m. Teenagers who are victimized by early
school start times are subjected to a plethora of
physical and mental consequences. For example,
teenagers who do not achieve the recommended
amount of sleep are more likely to struggle with
their weight, have higher rates of depression,
perform worse in school, and are more likely to
engage in risky driving behaviors. According to the
CDC, the leading cause of death in adolescents
ages 15-19 are automobile accidents and suicide in
the United States. Thus, the leading risk for death
in adolescents may be mitigated if we delayed
schools start times.

High schools throughout the United States have
started to delay school start times. Those that have
implemented these delays report improved
attendance, improved grade point average,
reduced depressive symptoms, and lowered motor
vehicle crashes among adolescences.

A study conducted in 2016 and 2017, compared
academic success among high school sophomores
in Seattle. The students had a delayed school start
time from 7:50 a.m. to 8:45 a.m. 

 

Researchers found that students with the
delayed school start time increased their
average sleep by 34 minutes and improved their
academic performance. Researchers also
specifically examined a biology class and found
that students preformed 4.5% better with more
delayed start times compared to those without
the delay. This improvement in sleep duration
and academic success could have a profound
impact on future college admissions and
scholarships.  

Following the outbreak of SARS-CoV-2, which
causes COVID-19, most schools across the
country resorted to remote learning. Although it
was a very challenging year for adolescents
throughout the United States, some unexpected
silver linings have begun to emerge. For
instance, due to the more flexible at-home
learning model, students were able to sleep in
accordance with their circadian rhythm and
seminal evidence indicates that adolescents are
reporting longer sleep duration on weekdays.
Another study which examined 122 adolescents
during remote learning, reported longer school
night sleep duration and less daytime sleepiness
among adolescents. 

As we look forward to the reopening of high
schools this upcoming fall school year, there is
an opportunity to improve upon the pre-COVID
school start time prescription. Moving forward,
high schools throughout the United States
ought to consider mandating that schools start
no earlier than 8:30 a.m. 

https://www.cdc.gov/sleep/features/schools-start-too-early.html
https://www.cdc.gov/sleep/features/schools-start-too-early.html
https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm
https://www.sleepfoundation.org/school-and-sleep/later-school-start-times
https://www.npr.org/sections/health-shots/2018/12/12/676118782/sleepless-no-more-in-seattle-later-school-start-time-pays-off-for-teens
https://aasm.org/professional-development/talking-sleep-podcast/
https://academic.oup.com/sleep/advance-article/doi/10.1093/sleep/zsab054/6149938


When I first began work as a medical scribe, my
typing abilities resembled that of an irked chicken.
But three years later, now in the role of Chief
Scribe, I have become a master of the Electronic
Medical Record (EMR) alongside the rest of my
team. The introduction of the EMR changed the
field of medicine forever. Patient data is now
better captured at the point-of-care,
communication between medical specialties has
improved, and clinical efficiency increased. But
introducing EMRs had other consequences, too.
Today, the average US physicians spends around
16 minutes per patient encounter working on the
EMR, or around 50% of their total day. It has been
well-documented that reported feelings of moral
injury and physician burnout are often linked to
high EMR use. 

 

Medical Scribes have been effective at reducing
documentation time for physicians and increasing
clinical productivity. Over the course of their
training, a medical scribe will learn their
physician’s charting preferences, becoming
familiar with their patterns of patient interaction,
the kind of patient information they want
included in the chart, and the types of diagnostic
tools and treatment strategies used most often.
Eventually scribes will be able to anticipate many
of the physician’s decisions and needs, such as
messaging a nurse to administer a flu shot or
pulling up an MRI scan. 

Though their employment introduces additional
overhead for providers, the resulting increase in
productivity can easily offset costs. According to a
2021 study, physicians who used a scribe
increased their clinic availability by as much as
20%, or about the time it takes to see 2-3
additional patients per day. 

Medical Scribes: Too Important to be Terminated 
By Luke Whitcomb

https://www.acpjournals.org/doi/10.7326/M18-3684
https://www.annfammed.org/content/15/5/419.full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6752815/
https://pubmed.ncbi.nlm.nih.gov/30517663/
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/2701617
https://pubmed.ncbi.nlm.nih.gov/20536801/
https://pubmed.ncbi.nlm.nih.gov/20536801/
https://www.acpjournals.org/doi/10.7326/M20-0428
https://www.acpjournals.org/doi/10.7326/M20-0428


Researchers found that an extra 1.3 new patient
visits or 2.2 returning patient visits per day were
required for doctors to recover the annual cost of
a scribe. At one cardiology practice, using scribes
resulted in $1,372,694 in additional annual
revenue at a cost of $98,588.

Using scribes, however, may have its drawbacks.
For example, most scribes only remain in their
position for a year or two before taking a new job
or going off to graduate school. As one ED
physician put it, “Our working dynamic would
steadily improve…right up until they left for
medical school. Then, a new batch of scribes
would come in and the process would have to
start all over again”. Some doctors have also
argued that patients may be more likely to
withhold information if a scribe is in the exam
room, though multiple reports have largely
dismissed this claim. 

These limitations have prompted integration of
partial and fully automated charting systems
within healthcare settings. Companies developing
software which can extract patient data from
conversation using artificial intelligence (AI)
promise cheaper, more efficient, non-human
alternatives to traditional charting. Though AI
companies stress their product’s technical validity,
research is currently lacking large-scale
explorations of clinical practicality and usability.
Even so, AI technology will undoubtedly continue
to improve in coming years, with innovation like
patient-centered AI already leading the way. 

Automating many clerical components of
healthcare will likely reduce systemic costs and
improve patient care. In fact, many experts have
argued that the administrative complexity of the
US healthcare system is a primary driver of 

healthcare inequality. Yet in this pursuit of
progress, we must be mindful of the unique and
powerful role that medical scribes play as more
than simply data-entry clerks. We use subtleties
in language, draw on hard-won technical
terminology and leverage familiarity with our
providers to create documents which maintain
the important nuances of our patient’s humanity.

Additionally, we act as a kind of second brain for
clinicians, responding to changing situations in
real-time to help provide efficient, coordinated
care. As we begin to integrate AI into medical
scribing practices, we must continue to esteem
and cultivate those assets which connect us with
the human being on the other side of the
computer screen.

According to a 2021 study, physicians
who used a scribe increased their clinic
availability by as much as 20%, or
about the time it takes to see 2-3
additional patients per day. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4598196/
https://opmed.doximity.com/articles/are-scribes-the-solution-to-our-documentation-woes?_csrf_attempted=yes#:~:text=The%20salary%20of%20a%20medical,go%20through%20a%20certification%20process.
https://opmed.doximity.com/articles/are-scribes-the-solution-to-our-documentation-woes?_csrf_attempted=yes#:~:text=The%20salary%20of%20a%20medical,go%20through%20a%20certification%20process.
https://pubmed.ncbi.nlm.nih.gov/33683446/
https://pubmed.ncbi.nlm.nih.gov/28589691/#:~:text=Conclusion%3A%20We%20found%20no%20evidence,a%20patient%20to%20withhold%20information.
https://www.fastcompany.com/90555218/google-amazon-nvidia-ai-medical-transcription
https://www.fastcompany.com/90555218/google-amazon-nvidia-ai-medical-transcription
https://www.nature.com/articles/s41746-021-00432-5
https://www.nature.com/articles/s41746-021-00432-5
https://www.nature.com/articles/s41746-019-0190-1
https://academic.oup.com/jamiaopen/advance-article/doi/10.1093/jamiaopen/ooab003/6141521
https://pubmed.ncbi.nlm.nih.gov/31905376/
https://www.acpjournals.org/doi/10.7326/M20-0428
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