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Meet Dr. chque“ne ChCIrVCIf BY MARY WEAR, PhD

LSAH would like to introduce you to our Senior Epidemiologist, Dr. Jacqueline (Jackie) Charvat. ;
Jackie has been with the LSAH team for over ten years after moving to Houston from Ohio. = e opiﬁiﬁfo‘{k‘%i'}'éfgw
Jackie earned a Bachelor of Science in Athletic Training with an emphasis in Exercise Physiology .

from Ohio University and a Master of Science as well as a PhD in Epidemiology from Case
Western Reserve University. Before coming to NASA, Jackie managed several large research
projects, including increasing exercise in adults with a history of cardiovascular disease and
interventions for obesity and high blood pressure in youth.

As the LSAH Senior Epidemiologist, Jackie wears several hats. She is our subject matter expert
for several disciplines, including cardiovascular disease, thromboembolism, and cancer. She
conducts statistical analysis and represents the epidemiology perspective at various NASA
boards. In addition to her subject matter expertise, Jackie is a strong mentor to other LSAH
epidemiologists, which she finds to be one of the most rewarding parts of her job. (See full
article on page 4)

What is Occupational Surveillance?
BY RONNIE RAFANAN

As defined by the National Institute for Occupational Safety and Health (NIOSH), “Occupational health surveillance can be viewed
as the tracking of occupational injuries, illnesses, hazards, and exposures. Occupational surveillance data are used to guide efforts

to improve worker safety and health, and to monitor trends and progress over time.”

The Lifetime Surveillance of Astronaut Health (LSAH) collects, analyzes, and interprets medical, physiological, hazard exposure, and
environmental data for the purpose of maintaining astronaut health and safety as well as preventing occupationally induced
injuries or disease related to space flight or space flight training. It allows NASA to effectively understand and mitigate the long-
term health risks of human spaceflight, as well as support the physical and mental well-being of astronauts during future
exploration missions. (See full article on page 6)

Identifying
Comparable Cohorts, Building Relationships, & Understanding Astronaut Health
BY JACQUELINE CHARVAT, PhD

Lifetime Surveillance of Astronaut Health recently published work comparing the US

Astronaut Corps to a non-astronaut cohort, the Cooper Center Longitudinal Study. This
study focused on the risk of cardiovascular disease (CVD), such as heart attack and stroke,
in astronauts across their lifespan. LSAH epidemiologists evaluated 10 different cohorts
from across the US, with the Cooper Center Longitudinal Study (CCLS), housed at the
Cooper Institute in Dallas, Texas, chosen as a comparator. Five CCLS participants were
included for every astronaut who had completed a spaceflight by the end of the study
period. Results of this study showed there was a slight increased risk of non-fatal CvD
events in astronauts.

While this study was unable to tease apart whether specific spaceflight exposures
impacted CVD risk, it is an initial step in helping us understand the lifetime risk to our
crewmembers. (See full article on page 7)
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Approaching the Question:
Is SANS Pathological or a Normal Adaptation to Spaceflight?

BY TAYMA MACHKHAS, B.S.

As NASA focuses on the Artemis program to return to the Moon and prepare for Mars, understanding conditions that could negatively
impact crew during long-term missions is critical to mission success. One of these conditions, Space-Associated Neuro-Ocular
Syndrome (SANS), is a constellation of findings that are not well understood. Two major questions are asked about SANS: 1) What is

normal for spaceflight and 2) Which clinical SANS findings are true pathology compared to normal adaptation to spaceflight?

To begin the process of determining the pathological threshold of SANS, the LSAH occupational surveillance program began a review
of neurological and vision terrestrial cohorts. Out of 358 cohorts, the systematic review yielded 35 potential studies of healthy
populations with ocular outcomes obtained through testing similar to specialized SANS testing. Future work includes accessing and
processing the data of promising neurological and vision cohorts. Results from these proposed comparison studies of terrestrial
cohorts will enhance the understanding of the spectrum of findings that describe SANS. (See full article on page 9)

IMPALA'’s Body System Model Helps Address Health Risks in Spaceflight
BY DEVAN PETERSEN, MPH

As described in LSAH Newsletter Volume 27 Issue 1, the IMPALA team has successfully ingested data from 18 different sources
into the IMPALA platform. Now the IMPALA team is focused on organizing the data into clean tables that are easily accessible
and understandable by the user and creating dashboards to allow users to access and interact with data in IMPALA. The
IMPALA platform is also utilized to help inform NASA’s risk posture at the Human Systems Risk Board and helps to answer
NASA’s operational questions and any other data requests.

Overall, IMPALA allows users to have access to a common reservoir of transformed and organized data for exploration and
analysis, helping the astronaut corps by supporting risk management and operational decisions. (See full article on page 11)

Unlocking How HUMAN BODIES Will
React to Long Journeys Into SPACE

BY NATHAN CRANFORD

Active astronauts can now volunteer for a suite of experiments that aim to
help scientists learn more about how extended missions impact the human
body. Together, these experiments are called the Complement of
Integrated Protocols for Human Exploration Research, or CIPHER. Through
CIPHER, astronauts participate in an integrated set of 14 studies sponsored
by NASA and international partner agencies. To get meaningful results,
CIPHER scientists will target as many as 30 astronauts, evenly divided over
short, standard, and extended missions.

—
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In addition to answering research questions central to each study, CIPHER
takes an integrated approach. All data from across CIPHER investigations
will be pooled to identify patterns and gain a deeper understanding of how
the body reacts to long durations in space. (See full article on page 14)




Meet
Dr. Jacqueline Charvat

BY MARY WEAR, PhD

LSAH would like to
Epidemiologist, Dr. Jacqueline (Jackie) Charvat. Jackie has

introduce you to our Senior

been with the LSAH team for over ten years after moving to
Houston from Ohio. Jackie earned a Bachelor of Science in
Athletic Training with an emphasis in Exercise Physiology
from Ohio University and a Master of Science as well as a
PhD in Epidemiology from Case Western Reserve University.
Before coming to NASA, Jackie managed several large
research projects, including increasing exercise in adults
with a history of cardiovascular disease and interventions
for obesity and high blood pressure in youth. Jackie was
attracted to epidemiology at NASA due to her lifelong
interest in the space program. She said, “As a child every
summer | wanted to go to space camp but never had the
chance. Now, | get to go to space camp every day as part of
my job!”

As the LSAH Senior Epidemiologist, Jackie wears several
hats. She is our subject matter expert for several disciplines,
including cardiovascular disease, thromboembolism, and
cancer. She conducts statistical analysis and represents the
epidemiology perspective at various NASA boards. She
designed and conducted a study of cardiovascular disease
in the US astronaut corps (1) that was recently published in
the journal Mayo Clinic Proceedings and is being promoted
on the Cooper Institute website (Out of This World: What Is
the Llong-Term Heart Health of NASA Astronauts?
[cooperinstitute.org]). Jackie has also co-authored several

scientific publications on occupational health in the
astronaut corps (2,3,4).

As our cancer epidemiologist, Jackie created a NASA Cancer
Registry to systematically collect information allowing for
tracking of cancer cases and for understanding astronauts’
unique risk factors for cancer, such as time spent in space
and piloting. The NASA Cancer Registry enables easy
analysis of cancer incidence and prevalence to understand
the disease in our population. She also regularly provides
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briefings on the incidence of cancer morbidity and
mortality in the NASA astronaut corps to various groups
such as the Space Radiation Research and Clinical Advisory
Panel (RCAP) and the National Academies of Sciences,
Engineering and Medicine.

Jackie works closely with NASA pharmacists and
pharmacologists to understand in-flight medication use
onboard the International Space Station, specifically
evaluating if medications are being prescribed in proper
doses and frequency as well as the effectiveness of
medication for the given indication. Jackie implemented
IMPALA natural language processing to create an extensive
database of medication use records. This is the first time
medication use has been compiled from multiple sources
to create a single database. Medication use is an important
variable for understanding disease processes, so this
database is frequently used to support operational and
research questions. In addition to her subject matter
expertise, Jackie is a strong mentor to other LSAH
epidemiologists, which she finds to be one of the most

rewarding parts of her job. “Seeing your colleagues excel


https://www.cooperinstitute.org/2022/08/09/out-of-this-world-what-is-the-long-term-heart-health-of-nasa-astronauts
https://www.cooperinstitute.org/2022/08/09/out-of-this-world-what-is-the-long-term-heart-health-of-nasa-astronauts
https://www.cooperinstitute.org/2022/08/09/out-of-this-world-what-is-the-long-term-heart-health-of-nasa-astronauts

jvaiEnE MODULE &

and knowing you played a part no matter how small always
feels great.” She frequently leads the epidemiology
community of practice within the group as well as a writing
group. She mentors participants in the Aerospace Medicine
Clerkship, comprised of medical students and residents

who want to learn more about aerospace medicine at NASA.

She also mentors for the Space Life Sciences Summer
Internship program, wherein college students spend their
summer at JSC learning how humans change when they
journey to space.

Jackie enjoys the art and science of occupational
surveillance and medical research. “I look forward to
learning more about the human after they venture to space
and what life holds for them as they age.”

AP ATTENTION!

Ongoing occupational surveillance and research
benefits from the use of YOUR DATA in the
LSAH/LSDA Repositories!

If you are attending the astronaut reunion and
would like to meet with LSAH regarding
participation in these repositories, please contact
Ruth Reitzel (ruth.a.reitzel @nasa.gov).
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What is
Occupational Surveillance?

BY RONNIE RAFANAN

As defined by the National Institute for Occupational Safety and Health (NIOSH), “Occupational health surveillance
can be viewed as the tracking of occupational injuries, illnesses, hazards, and exposures. Occupational surveillance
data are used to guide efforts to improve worker safety and health, and to monitor trends and progress over time.
Surveillance includes both population- or group-based activities and individual-based activities.”

In accordance with the NASA Transition Authorization Act of 2017, the “To Research, Evaluate, Assess, and Treat
(TREAT) Astronauts Act” authorizes NASA to monitor, diagnose, and treat conditions in astronauts associated with
spaceflight. NASA’s Occupational Surveillance program is conducted throughout an astronaut’s life, beginning with
the selection into the astronaut corps, throughout space flight, and into retirement. To maintain current and
continued data on non-active and former astronauts, data collection is accomplished by means of invitational,
periodic, physical examinations conducted at Johnson Space Center (JSC).

The Lifetime Surveillance of Astronaut Health (LSAH) collects, analyzes, and interprets medical, physiological,
hazard exposure, and environmental data for the purpose of maintaining astronaut health and safety as well as
preventing occupationally induced injuries or disease related to space flight or space flight training. It allows NASA
to effectively understand and mitigate the long-term health risks of human spaceflight, as well as support the

physical and mental well-being of astronauts during future exploration missions.
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BY JACQUELINE CHARVAT, PhD

In the first of its kind, LSAH recently published work comparing the US Astronaut Corps to an outside cohort, the Cooper
Center Longitudinal Study. This study focused on the risk of cardiovascular disease (CVD), such as heart attack and stroke,
in astronauts across their lifespan. The risk of CVD among astronauts may be high due to their stressful occupation and
changes in sleep patterns over their lifetime, along with unique spaceflight exposures such as radiation.

Identifying comparable cohorts has been a quest for LSAH over the last several years. Most data collected by the US
government through the National Health and Nutrition Examination Survey (NHANES) and the Surveillance, Epidemiology,
and End Results Program (SEER) is representative of the general US population, people who are not necessarily
representative of the astronauts. Astronauts are selected based on numerous health factors (or lack thereof), education
status, and highly specific skills. Further, astronauts need to maintain exemplary physical health to complete their job and
vice versa: doing their job (and receiving excellent health care) helps them stay healthy, a phenomenon known as the
healthy worker effect. While the healthy worker effect is found in other occupations, it is definitely present in astronauts
due to rigorous medical selection standards and the ongoing focus on maintaining physical health in order to perform
strenuous training and spaceflight. With over 60 years of data on the first astronauts, it is necessary to find cohorts that
also have data that dates back to ensure similarities in lifestyle and the practice of medicine. For instance, the use of
statins for controlling cholesterol levels began in the early 2000s and changed the cardiovascular risk profile of many
Americans, including astronauts.

LSAH epidemiologists evaluated 10 different cohorts from across the US, many coming from large research studies (e.g.,
Multiethnic Study of Atherosclerosis (MESA), the Prospective, Army Coronary Artery Calcium Study, Coronary Artery Risk
Development in Young Adults Study (CARDIA)), as well as the military (e.g., the US Air Force and the
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Millennium Cohort). Each possible cohort was evaluated for
types of data collected, from whom the data was collected
based on typical characteristics such as gender, age, and
race and ethnicity, and the duration of data collection
(when did data collection start and end). It was imperative
to identify a cohort with none of the pre-existing
cardiovascular disease or other major illnesses that
astronauts were also screened for when selected for the
corps.

Ultimately, the Cooper Center Longitudinal Study (CCLS),
housed at the Cooper Institute in Dallas, Texas, was chosen
as a comparator, and investigators from both NASA and
CCLS met in Dallas to begin discussions on how best to
execute the study. The groups worked together over
several years to understand the privacy concerns of both
groups, develop matching protocols, complete the
statistical analysis, and write the final paper, which was
published in the July 2022 issue of Mayo Clinic Proceedings.

NASA astronauts were matched to participants of the CCLS
based on age at entrance into the study, year of birth,
gender, and level of fitness at entrance into the study. Five
CCLS participants were included for every astronaut who
had completed a spaceflight by the end of the study period.
Results of this study showed that both the CCLS and
astronauts had lower than average rates of CVD and death
during the 30 years of average follow up. There was no
difference between the two groups in CVD related death;
however, there was a slight increased risk of non-fatal CVD
events in the astronauts. This finding wasn’t worrisome to
investigators as the number of events was low. While this
study was unable to tease apart whether specific
spaceflight exposures impacted CVD risk, it is an initial step
in helping us understand the lifetime risk to our
crewmembers. It will be important to repeat this type of
study to help bolster our understanding, especially as
astronauts complete longer missions further from Earth.

The Cooper Center Longitudinal Study was an appropriate
cohort for studying CVD; however, it may not be the best
cohort for studying spaceflight related disorders such as
SANS or other illnesses of aging, such as cancer.
Identification of the most appropriate cohorts will be of
utmost importance as we learn more about the health
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effects of space on the human body, particularly across the
entire lifespan.

Charvat Mayo Clin Proc. 2022;97(7): 1237-1246
Josephson Mayo Clin Proc. 2022;97(7): 1222-1223

www.cooperinstitute.org
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APPROACHING THE QUESTION:

Is SANS Pathological or a Normal Adaptation to Spaceflight?
BY TAYMA MACHKHAS, B.S.
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Figure 1: Background on Spaceflight Associated Neuro-Ocular Syndrome (SANS)
SANS: Spaceflight Associated Neuro-ocular Syndrome (nasa.gov)

As NASA focuses on the Artemis program and returning to the Moon and on to Mars, understanding conditions that could
negatively impact crew during long-term missions is high priority. One of these conditions, Space-Associated Neuro-Ocular
Syndrome (SANS), is a constellation of findings that are not well understood. SANS can manifest like some terrestrial
disease analogs; however, it typically differs in presentation, making it difficult to truly understand and mitigate
pathological risk to the astronaut. As a result, two major questions are asked about SANS: 1) What is normal for spaceflight
and 2) Which clinical SANS findings are true pathology compared to normal adaptation to spaceflight?

As seen in Dr. Jacqueline M. Charvat’'s work with the Cooper Clinic, identifying a comparison cohort to the astronaut
population can help determine long-term risk by ensuring that baseline health profiles are similar among both populations.
However, given the highly specialized and unique nature of the astronaut corps, finding a comparison cohort can be
difficult, and the process may be different for each health risk. With SANS, it involved assessing studies with specific
ophthalmological and brain imaging exams typically only used for clinical diagnosis in diseased populations, such as
traumatic brain injury, idiopathic intracranial hypertension, glaucoma, or multiple sclerosis. The goal was to identify
populations where the specialized testing used for SANS was conducted in healthy individuals.
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https://www.nasa.gov/sites/default/files/atoms/files/sans_infographic-062821-508c_01.pdf

To begin the process of determining the pathological threshold of SANS, the LSAH occupational surveillance program
reviewed neurological and vision terrestrial cohorts. From June to September 2021, cohorts were identified in
international registries, systematic reviews, as well as in a large PubMed query. The exclusion criteria were as follows:
studies that only recruited a diseased population, studies that were based solely on surveys or questionnaires (due to the
lack of SANS-specific testing), studies that included subjects < 18 years of age, and studies with no vision outcome data.
Once a list of promising cohorts was established, demographic and health data, as well as study design characteristics,
were extracted. Out of 358 cohorts, the systematic review yielded 35 potential studies of healthy populations with ocular
outcomes obtained through testing similar to specialized SANS testing, including an optical coherence tomography scan
(OCT), visual acuity assessment, ocular biometry, and intraocular pressure.

Optical Indirect/Direct Visual Acuity Ocular Automated Contrast Intraocular
Coherence Ophthalmoscopy Assessment Biometry Refraction Sensitivity pressure
Tomography
15 26 22 7 13 3 18

Figure 2: Frequency of SANS-specific tests and measures performed in the 35 studies found

Future work includes accessing and processing promising neurological and vision cohort data. Results from these proposed
comparison studies of terrestrial cohorts will enhance the understanding of the spectrum of findings that describe SANS.
Additionally, LSAH epidemiologists will be able to use this thorough and standardized documentation of the tools and

processes in future surveillance activities as they seek to identify comparison cohorts for other health outcomes.
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IMPALA’S
Body System Model Helps Address

Health Risks
in Spaceflight

BY DEVAN PETERSEN, MPH

ORGANIZATION OF DATA IN IMPALA
As described in LSAH Newsletter Volume 27 Issue 1, the

IMPALA team has successfully ingested data from 18

different sources into the IMPALA platform. Now the
IMPALA team is focused on organizing the data into tables
that are easily accessible and understandable by the user.
These tables are referred to as “Domain Data Models,” data
sets based on 15 body systems, including:

e Bone and Musculoskeletal

e Cancer

e Cardiovascular

e Dental

e Endocrine

e Ear, Nose, Throat, and Neurovestibular

e Eye/Vision/Spaceflight Acquired Neuro-ocular

Syndrome (SANS)

e Gastrointestinal

e Decompression lliness

e Genitourinary/Reproductive

e Head and Neurological

e |mmune

e Nutrition

e Pulmonary

e Skin

By organizing the data into Domain Data Models, the
IMPALA team can combine, clean, and restructure the
content, allowing users to search lists of common
information without requiring complicated searches by the

user.
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Within each of these Domain Data Models, there are six
sub-systems called Facets

e Diagnoses: occurrences of medical
outcomes/events including symptoms, conditions,
disorders, diseases, injuries, e.g., stroke, brain
cancer, renal stone formation, sprain, etc.

e Exposures: potentially harmful/protective
elements that may lead to or prevent a health
outcome—measured at person level or
environmental level, e.g., Celestial dust, EVAs,
pilot experience, radiation

e Labs and Vitals: results of laboratory test on
blood, urine, etc., plus common vital signs, e.g.,
alkaline phosphatase, Vitamin D, total cholesterol,
Hbalc, blood pressure, heart rate

e Medications: pharmaceuticals prescribed and
recorded with key information such as frequency,
dose, timeframe, class/category, drug name, etc.,
e.g., beta blockers, Tylenol, Ibuprofen,
hydrocortisone cream

e Procedures: occurrences of medical procedures,
especially of a screening, diagnostic, and
treatment variety, e.g., surgery, colonoscopy,
chemotherapy, endarterectomy, dermatological
screen

e Risk Factors: factors that may influence the
development of a health outcome, often in the
form of socio-demographic characteristics or
lifestyle behaviors, e.g., family history, routine
diet/ fitness, tobacco use, vaccination(s)

Image 1 is a visual representation of the organizational
structure of medical data within IMPALA, referred to as the
IMPALA Blueprint. The 15 body systems of the Domain Data
Models appear in the left-most column and are ordered
alphabetically from “Bone/MSK” to “Skin.” Each row is then
split into the six facets, labeled in the top row, starting with
“Diagnoses” and ending with “Risk Factors”. The IMPALA
team has prioritized the work based on interest within the
Agency, currently and logical

projects underway,

progression.


https://nlsp.nasa.gov/view/lsdapub/lsda_document/3ed0085c-622c-59a4-93e4-a259016625c2

Image 1: IMPALA Blueprint — Medical Data
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COMPLETE IN WORK

The IMPALA platform can support NASA in multiple ways.
Examples include providing views of disease prevalence,
informing assessment of risk posture at the HSRB, and
supporting operational decisions.

CREATING & INTERACTING WITH DASHBOARDS

One method users can access and interact with data in
IMPALA is through dashboards. Image 2 is a screenshot of
the Fractures Metric Dashboard. Each metric dashboard is
organized with four filtering options, a legend, four tables
or graphs, and present population data in summary format.
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Medications | Procedures

%) NOT APPLICABLE

Like the other metric dashboards, this Fractures Metric
Dashboard quickly conveys a variety of information to a
broad audience including
e Number of individuals and fracture diagnoses
included in the dataset
e Number of fracture diagnoses by body site
e Number of fracture diagnoses by activity type
e Career status and military experience at the time
of the fracture

Additional data details can be viewed by applying different
filters to the Fractures metric dashboard, such as

e Sex

e Age at Diagnosis

o (Career Status at Diagnosis

e Total Days in Orbit at Diagnosis


https://www.nasa.gov/sites/default/files/atoms/files/sans_infographic-062821-508c_01.pdf

Image 2: Fractures Metric Dashboard
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Smaller bone sites may be grouped into larger bone site categories. For example a "metacarpal fracture” will appear as & "hand/upper body fracture.”

HELPING TO INFORM NASA’S RISK POSTURE

The IMPALA platform is also utilized to help inform NASA’s
risk posture at the Human Systems Risk Board. LSAH
Epidemiologists serve on every Risk Custodian team and
support the team by exploring and analyzing astronaut
health and medical data in IMPALA. These data, in turn,
serve as a part of the evidence base that is considered to
identify useful metrics for risk postures. The data within the
IMPALA platform have been transformed into more
useable formats, allowing the LSAH Epidemiologists to
quickly find and extract the appropriate data. This efficient
interaction with the data housed in IMPALA allows the
LSAH Epidemiologists and other key users to spend more
time analyzing data (instead of finding and processing it!).

ANSWERING NASA’S OPERATIONAL QUESTIONS

The IMPALA platform is also utilized to answer NASA's
operational questions and other data requests.

A recent internal Agency request asked for an anonymous
dataset that included the most recent body weight
measurements of all active astronauts. The requestor was

attempting to understand the spectrum of weights for
developing vehicle requirements and needed these data
compiled quickly. The IMPALA platform was queried, and
data were extracted and delivered to the requestor in
about 2.5 hours.

If these data had not been housed in IMPALA, the data
request would have taken approximately 10-12 hours to
complete, as each individual record would have been
accessed one by one, solidifying IMPALA as a crucial asset
in responding to these requests.

CONCLUSION

The IMPALA platform is a data repository for astronaut
health data and related career exposures. The data within
the IMPALA platform are
protected, allowing users to facilitate quick and easy access

ingested, organized, and
encouraging exploration and analyses. By providing users
with this easy-to-navigate common reservoir of data for
astronaut health and related career exposures, IMPALA is
an invaluable tool for supporting risk management and

operational decisions.
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Unlocking how HUMAN BODIES will react to long journeys into SPACE
BY NATHAN CRANFORD

Through Artemis, NASA astronauts are returning to the Moon then proceeding on
to Mars. To better prepare astronauts for these long journeys, scientists need to
know: How do extended durations in space change the human body?

Active astronauts can now volunteer for a suite of experiments that aim to help
scientists learn more. Together, these experiments are called the Complement of
Integrated Protocols for Human Exploration Research, or CIPHER.

“CIPHER is the first study to integrate multiple physiological and psychological
measures and gives us a chance to assess the whole human response to time
spent in space,” CIPHER project scientist Dr. Cherie Oubre explains. “As more
astronauts head to space through Artemis and other programs, we hope to learn

more about how the various systems of the body, such as the heart, muscles,
bones, and eyes, adapt to long-term spaceflight.”

Through CIPHER, astronauts participate in an integrated set of 14 studies
sponsored by NASA and international partner agencies. To get meaningful results, CIPHER scientists will study up to 30
astronauts, evenly divided over three mission-length categories:

e Short (less than 3.5 months in space)

e Standard (between 3.5 and 8 months in space)

e Extended (more than 8 months in space)

These research studies will monitor the health of astronauts before, during, and after their missions, and together address
the following themes:

Bone and Joint Health — Studies show Brain and Behavior — Fluids in the Cardiovascular — Long-duration
that astronauts lose bone density and brain shift due to low gravity in space, spaceflight may lead to stiffer arteries
muscle qu:i\llty faster in space than on and long-duration spaceflight may and may increase the risk of heart
Earth. Calcium lost from bone ends up . . . .

slightly alter brain structure, which disease.

in their blood and urine. )
could affect how the brain processes

AStronoutsuill: spatial information and, in turn, Astronauts will:

e Undergo scans to measure impact crew performance. e Complete CT, MRI, and ultrasound
bone density, skeletal health, imaging of the heart, surrounding
and muscle quality Astronauts will: organs and muscles, and blood
surrounding bones and joints e Complete cognitive tests vessels

e Wear a shirt that measures heart
rate and respiration across 2 days

e Collect blood and urine
periodically before, during,
and after their missions

e Use a computer to simulate
movement of a robotic arm

e Take periodic blood pressure
measurements

e Undergo MRI scans while doing
cognitive tests

Scientists will:
e Examine whether the rate of
bone and muscle loss stays
constant, slows down, or
even stops beyond six-month
missions
e Determine what sort of
health risks, if any, this poses

Scientists will:

Scientists will:

e Tease out patterns across mission
durations to provide objective
indicators of heart health

e Examine how brain activity before
missions differs from brain activity
after missions

e Examine whether the removal of
gravity affects organs, muscles,
and vessels near the heart

e Pinpoint patterns dependent on
mission duration
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Exercise — Exercise can counter bone
and muscle loss in space, but
scientists want to understand
whether exercise is an effective
strategy for maintaining astronaut
health in long-duration spaceflight.

Astronauts will:

e Test muscle strength and
endurance throughout their
missions using the station’s
exercise equipment
Track their nutrition and sleep
habits
Navigate through an obstacle
course after they land back on
Earth, while at times wearing
space suits off-loaded to Martian
gravity

Scientists will:

e Evaluate crews’ abilities to carry
out specific exercises over time
Evaluate how soon and how well
crews can perform critical tasks in
new gravities

o
S
S
=
e
=
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Vision — Because low gravity
conditions shift the body’s fluids
toward the head, spaceflight can alter
the structure and function of the eyes

and the brain.

Astronauts will:

e Participate in MRI and eye imaging
scans
Perform vision tests
Assess eye pressure and how the
retina responds to light

Scientists will:

e Evaluate eye changes for each
mission duration
See how the structure of
astronauts’ brains change after
their missions, and how such
changes affect vision

Sensorimotor — Many astronauts
experience dizziness and
disorientation aboard the station and
when they return to Earth, and
scientists want to understand factors
that may influence how long these
symptoms last.

Astronauts will:

e Record their eye, head, and body
movements using specialized
techniques
Fill out surveys on how they
perceive motion

Scientists will:

e See whether mission duration
influences how long it takes to
adapt to new gravity
Investigate the reasons behind
changes in balance and the ability
to adapt to new gravities

Biomarkers — Scientists are curious: Do any changes to the human body induced by long-duration space travel come with

indicators that can be detected in blood and urine?

Astronauts will:

e Provide blood and urine samples before, during, and after spaceflight
e Complete questionnaires regarding health and exercise habits

Scientists will:

e Examine blood and urine for potential indicators of changes to cartilage health, inflammation and immune function,
kidney health, brain structure and function, spatial cognition, performance of operational tasks, risk of cardiovascular

disease, and more

Investigate the interplay between mission length, DNA damage responses, and post-mission recovery of telomeres—
the caps at the ends of chromosomes that shorten as we age but may lengthen in space before rebalancing themselves

back on Earth
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CIPHER also includes a long-running study called Spaceflight Standard Measures, which collects a core set of information

on as many crew members as possible. This core set includes metrics about the crew member’s sleep, cognition,
biomarkers, immune function, microbiome, and more.

In addition to answering research questions central to each study, CIPHER takes an integrated approach. Data across
CIPHER investigations will be evaluated to identify patterns and gain a deeper understanding of how the human body
reacts to long durations in space.

“CIPHER is an all-encompassing, total-body approach to learning how humans adapt to spaceflight,” says Oubre. “Insights
gained through CIPHER may well be key to enabling humans to remain healthy while exploring the Moon, Mars, and
beyond.”
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Did you move? New email addresse Remember to update us so we can continue to send you the LSAH
Newsletter, LSAH invitational physical exam letters, and any other news we may need to share with you.
Contact Denise Patterson at 281-244-5195 or denise.a.patterson@nasa.gov.

You may also write us at

Lifetime Surveillance of Astronaut Health (LSAH)

Flight Medicine Clinic/SD3C
NASA Johnson Space Center
2101 NASA Parkway
Houston, TX 77058-3696
Or email us at Jsc-Isah@mail.nasa.gov
For past newsletters, please visit the LSAH website on the new NASA Life Sciences Portal
This newsletter is funded by Crew Health and Safety/Space Operations Mission Directorate.
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