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Deep Space Stressors to Human Health & Performance

What dowe needto overcome?

\Earth

Altered Gravity Fields
Hostile Closed Environment
Radiation
Isolation/Confinement

Distance from Earth



Integrated Human Health & Performance




What types of solutions are needed?

Comprehensive
Data and predictive analytics driven
Autonomous, robust, light, lean

Agile and responsive to changing environment

Integrated into vehicle systems, processes, and procedures
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Altered Gravity Field

2. Renal Stone Formation

3. Impaired Control of Spacecraft/Associated
Systemsand Decreased Mobility Due to
Vestibular/Sensorimotor Alterations
Associated with Space Flight

4. Bone Fracture due to spaceflight Induced
changes to bone

5. Impaired Performance Due to Reduced
Muscle Mass, Strength & Endurance

6. Reduced Physical Performance Capabilities
Due to Reduced Aerobic Capacity

8. Urinary Retention

9. Orthostatic Intolerance During Re-Exposure
to Gravity

Concerns

1. Concern of Clinically Relevant Unpredicted
Effects of Medication

2. Concern of Intervertebral Disc Damage upon
and immediately afterre-exposure to Gravity

Exploration Health & Performance Risks — Mars DRM

Radiation

* Acute solar events

Distance from Earth

Isolation/Confinement

Managed/configuration-controlled by NASA Human Systems Risk Board

Hostile Closed Environment

1. Acute and Chronic Carbon Dioxide Exposure

3. Injury from Dynamic Loads
4. Injury and Compromised Performance due to
EVA Operations

5. Adverse Health & Performance Effects of
Celestial Dust Exposure

7. Reduced Crew Performance Due to
Hypobaric Hypoxia

8. Performance Decrements & Adverse Health
Outcomes Resultingfrom Sleep Loss,
Circadian Desynchronization, & Work
Overload

10. Decompression Sickness
11. Toxic Exposure
12. Hearing Loss Related to Spaceflight

Key: Medium LxC Low [xC TBD LxC
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ISS: Year In Sp
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FUNCTIONAL INVESTIGATIONS (Field Test, Functional
iIch as walking or

1 lot harder after

BEHAVIORAL HEALTH (Cognition, Neuromapping, Sleep,
Journals, Reaction Self Test, Biological Rhythms): Has
living in space affected Scott's psychological . health?
Stressful environments can impair cognitive performance.

VISUAL IMPAIRMENT (Fluid Shifts, Ocular Health, IPVI):
Has Scott’s vision been impaired? Fluid shifts in microgravity
can put pressure on the optical nerves.

METABOLIC INVESTIGATIONS (Biochemical Profile,
CardioOx, Integrated Immune, Immuno, Energy, Salivary
Markers): How is Scott's immune system? He even got a flu
shot while he was in space!

PHYSICAL PERFORMANCE (Sprint Study, Hip QCT, i
EDOS): How strong are Scott's bones, muscles,and
cardiovascular system? The body deconditions | in
microgravity; so astronauts exercise two hours each'day.

MICROBIAL INVESTIGATIONS = (Microbiome, Myco):
Will Scott's microbiome change in space? Environmental
changes affect Earth's organisms and ours, too. \ sl —

HUMAN FACTORS (Fine Motor Skills, Habitability
Scott’s fine motor control dimifish? Fine motor sKils ars
important for controlling spacecraft. N

Some investigations may collect data
beyond the one-year post-flight mark.
Learn more about each investigation
represented above at:

www.nasa.gov/1ym/research
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11YM Selected Studies

Human Health and Performance Integration

Systems Evaluated for Adaptation

CNS and Ocular

Norcross - Validation of Fitnessfor Duty StandardsUsing Pre- and Post-Flight Capsule
Egress and Suited Functional Performance Tasks in Simulated Reduced Gravity a

Downs - Temporal changesin astronautsmuscle, cardiorespiratory physiology pre, @
during, and post spaceflight (CM efﬂmenc em interrogation) 0

Shelhamer - Assessment ofOto dAwmmetryasaCoroIIaryt \a‘
Sensorimotor Performance i arlousDuranns
Reschke - Ne Xamination During and After Sp estlbularHeaIth) Cognltlon
Bouxsein - Ti Course of Spaceflight-Induced Adaptationsin one Morphology, Bon
Strength and Muscle Quality

Boyd - The effect of long-duration spaceflight on bone mcroarchltec ur

using three-dimensional high-resolutionimaging (CSA) SenSOI’ImOtOI’

Romaniello - Evaluating Resistive Exercise asa Long asure for ‘ [f / \
Spaceflight-induced Bone LossUsing Calcmm e (] S
Liphardt - Joint health during a sessment of exploration I SR !.\ CardlovaSCU|al‘/HematO|Og |Ca|
il | / ;‘:A ‘: ‘. \

relevance (DLR)
Hughson - Manifestations of spa mduced sub-clinical cardiovascular diseaseas a

long-termhealth risk (CSA Vascular) M H H
icrobiome
Arbeille - Preventive Medical Ultrasound Investigation of Organs Potentially Affected by
Prolongated Exposure to Microgravity (CNES
Bailey - Telomeres x I
mmune
Levine - Coronary Anatomy and{v‘@ ring 1 Yearin Space
Musculoskelatal

Cranial Optical Axis

Macias - Investigating Structure and Functitn of the Eye (SANS)

Basner - Temporal Nature of Cognitive and Visuospatial Brain Dowa“

Changes during Long-Duration Low-Earth Orbit Mission
%9,

anial Fluids for

Physical Performance

Operational Performance, Immune Function,
Deep Space Expeditions (SANS/Immune)

Zhang - characterizing the Baselines of Sleep Q @

Foundation Provided by Standard Measures



Planning Exploration-Simulation Missions Aboard ISS

« Extend Increments to 1 Year

— Validate effectiveness of
microgravity countermeasures
for longer missions

 Enable More Crew Autonomy

— Limitinteractions with ground
control

— Delay communications
— Reduce re-supply

— Use hardware and procedures
that do not rely on ground
ofe]plife]







