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This is an international proposal consisting of 2 projects with synergistic aims that will be carried out in a joint effort by
Deutsches Zentrum fiir Luft- und Raumfahrt (DLR: German Aerospace Center)/European Space Agency (ESA) and
NASA. It addresses the Human Research Program (HRP) Risk of Adverse Cognitive or Behavioral Conditions and
Psychiatric Disorders, Human Research Program's requirement to demonstrate the presence or absence of unacceptable
deleterious neurocognitive effects beyond the experience base of six-month expeditions, and to permit extrapolation to
early interplanetary expeditions. It also addresses several other critical Human Research Program risks and gaps (e.g.,
BMedl1, BMed2, BMed3, BMed5, CNS-1, SM26). More specifically, we will target NASA's particular interest in
studying the 'Cognitive-perceptual-visuospatial brain domain changes due to isolation and confinement' as part of the
integrated One-Year Mission Project (i1 YMP) on the International Space Station (ISS). The data we propose to collect
will - for the first time - reliably demonstrate whether prolonging mission duration to one year will have detrimental
effects on general cognitive performance (measured with the Cognition test battery), spatial cognition, structural and
functional brain changes in general, and hippocampal plasticity more specifically relative to the shorter 6-month and
2-month missions. Using state-of-the-art neuroimaging techniques (that include functional magnetic resonance imaging
(fMRI) while performing the Cognition test battery in the scanner)), we will determine the biological basis for any
changes in cognitive performance, with a focus on hippocampal plasticity. Similar data already gathered on the ISS and
in several short- and long-duration space analog environments will be used to generate a normative data base for
long-duration missions. Finally, we will derive dose-response relationships between cognitive-visuospatial brain domain
changes and mission duration that will allow predicting vulnerability to adverse cognitive or behavioral impairment and
psychiatric disorders on interplanetary expeditions such as a mission to Mars. The two 7-yr projects will deliver a highly
unique and comprehensive set of integrated neuroimaging and neurocognitive tools for the evaluation and ultimately
prevention of adverse effects on brain structure and function that lead to behavioral effects associated with
exploration-type missions.

The two 7-yr projects will deliver a highly unique and comprehensive set of integrated neuroimaging and neurocognitive
tools for the evaluation and ultimately prevention of adverse effects on brain structure and function that lead to behavioral
effects associated with exploration-type missions. As the Cognition test battery was developed for high-performing
subject populations, this work will also translate to high performing populations on Earth (e.g., physicians, submariners).

The integrated Project A&B magnetic resonance imaging (MRI) protocol was set up at the scanner facility. Several
Cognition test batteries were acquired in the first two CIPHER astronauts who consented. [Ed. Note: CIPHER is the short
title for a set of 14 studies sponsored by NASA and international partner agencies ( <a target="_blank"
href="https://www.nasa.gov/feature/experiments-to-unlock-how-human-bodies-react-to-long-space-journeys">https://</a>
). CIPHER stands for "Complement of Integrated Protocols for Human Exploration Research".] We had informed consent
briefings for three additional astronauts. We are waiting for the first L-60 MRI to be performed.
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