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1. Risk Title and Risk Statement 
 

 Risk Title: 
Risk of Adverse Cognitive or Behavioral Changes and Psychiatric Disorders Leading to In-
mission Health and Performance and Long-term Health effects (Behavioral Health Risk) 

 
 

 Risk Statement: 
Given that crews of future exploration missions will be exposed to extended 
durations of isolation and confinement, great distance from Earth, and 
protracted exposures to radiation and altered gravity, a possibility exists that 
these singular or combined hazards could lead to (a) adverse cognitive or 
behavioral changes  affecting crew health and performance during the 
mission; (b) development of psychiatric disorders if adverse behavioral health 
changes are undetected or inadequately mitigated; and (c) long-term health 
consequences, including late-emerging cognitive and behavioral changes. 

 
 
2. Risk History 
 

Item Date Outcome/Status 
HSRB Risk Presentation 07/25/2024 Decisional - CR SA-06808 Updates to the Behavioral Health Risk (Rev D). Approved 

with modifications. 

HSRB Risk Presentation 04/11/2024 Informational – CR Kickoff SA-06808 Updates to the BMed Risk 

HSRB Risk Presentation 05/13/2022 Decisional – CR SA-05096 HSRB Directed Acyclic Graphs Errata Changes; CR 
Approved out of board, Rev C.1 

HSRB Risk Presentation 12/17/2020 Decisional - CR approved with modifications (Risk Rev C) 

Risk Evaluated via CR 8/31/2020 CR Evaluation period ended 

HSRB Risk Presentation 8/30/2020 Informational – CR Kickoff 

Risk Evaluated via CR 10/06/2015 Decisional – CR approved as written (Risk Rev B) 

Action Item Closure 06/01/2015 Decisional – Corrected 2x2 color from yellow to green for DSS (LTH) (Risk Rev 
A.1) 

HSRB Risk Presentation 12/17/2014 Decisional – CR approved with modifications. Approved risk baseline (Risk Rev A) 

Risk Evaluated via CR 11/26/2014 Decisional – To update the risk 

HSRB Risk Presentation 11/19/2014 Informational – Evaluate previous content, assess, and disposition risk 
based on new process 

Risk Evaluated via CR 09/02/2009 Decisional – Proposed to baseline risk content. Approved as written on 
09/24/2009 (Baseline) 

HSRB Risk Presentation 08/18/2009 Informational - Content reviewed. 
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3. Executive Summary 
  

 Updated evidence from spaceflight and from studies in conditions analogous to spaceflight 
indicates subclinical changes occur in psychological and cognitive measures, however, data is 
required to characterize meaningful change and operational outcomes, and further research 
is required to strengthen the evidence base for this risk.   

 Risk title and statement have been altered to reflect subclinical changes in behavioral 
medicine outcomes. 

 The Extravehicular Activity (EVA) Risk has been added to the DAG. 

 Negligeable additional evidence is available for LTH effects; i.e., to date, scant evidence exists 
of an increased prevalence of neurodegenerative disease in low Earth orbit (LEO), and the evidence 
base is weak for lunar and Mars DRMs. 

 The following gaps have been identified for further characterization: communication delays 
during lunar missions (leading to an LxC and color change), high tempo EVAs, pain, and 
radiation exposure. 

 An update has been provided on countermeasures (CM): current CMs appear to be effective 
for LEO, however these measures are used during real time communication, and it remains 
to be determined if current CM technology can be adapted to future DRMs. 

 Crewmember selection procedures reduce risk 

 The behavioral medicine risk is complex and influenced by several other risks. 
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4. Directed Acyclic Graph - DAG 
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Directed Acyclic Graph (Narrative) 

The Behavioral Risk is centered around two nodes: Psychological Status and Cognitive Function. 
 

• Psychological Status refers to the mood and the psychological state of the crewmember at any 
given time during a mission. These factors can directly affect Crew Capability by decreasing an 
individual’s readiness for Task Performance if the crewmembers are distracted, preoccupied, 
dysregulated, unmotivated, fatigued, or uncooperative. This also affects the Team (Risk). The 
equilibrium that is present in Psychological Status for an individual astronaut is affected by 

– Family/World Events, which can occur while an astronaut is on a long mission. 
These can include deaths and loss that provoke grief and affect mood and 
motivation. 

– Social Dynamics with the rest of the crewmembers are dependent on Crew 
Composition. NASA typically does not select crews for their compatibility, 
however, this may be required for longer duration exploration missions. 

– Central Nervous System (CNS) Changes that can occur as a result of Isolation and 
Confinement or can occur because of Other Risks including Medical (Risk), 
Pharm (Risk), Food and Nutrition (Risk), Sensorimotor (Risk), Spaceflight 
Associated Neuro-ocular Syndrome (SANS Risk), Sleep (Risk), CO2 (Risk), Hypoxia 
(Risk), Immune (Risk), and Extravehicular Activities (EVA Risk). CNS changes can 
also be affected by Oxidative Stress/Inflammation as a result of Radiation 
exposure and other causes. 

– Workload can affect mood and psychological state. Workload is impacted by 
operational tempo in the context of performing EVAs, science tasks, maintenance 
tasks, and public outreach. 

– Individual Factors, including Age, Sex, Genetic Predispositions, and others, affect 
the resilience of individual astronauts and the magnitude of impacts to 
Psychological Status. 

 
• Cognitive Function refers to the astronaut’s attributes such as planning, 

reasoning/decision-making, attention, memory, cognitive speed, and other thought 
processes, which can be affected by a variety of factors in the spaceflight environment. 
Disruption in Cognitive Function can also directly affect Crew Capability and decrease 
readiness for Task Performance required for a variety of mission objectives. This can affect 
the Team (Risk) by requiring other team members to compensate for the individual’s 
deficits. The equilibrium that is present in Cognitive Function for an individual astronaut is 
affected by  

– CNS Changes, as described above. 
– Workload, which can affect ability to focus and general cognitive function. 

Workload is impacted by operational tempo in the context of EVAs (EVA Risk), 
science tasks, maintenance tasks, and public outreach through cognitive and 
physical fatigue (Medical Risk and Sleep Risk). 

– Individual Factors, including Age, Sex, Genetic Predispositions, and others, affect 
the resilience of individual astronauts and the magnitude of impacts to Cognitive 
Function. 

 
• CMs to mitigate issues with Psychological Status and Cognitive Function can be 
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administered before flight or during the mission and in some cases must be included in 
Vehicle Design allocations and the Crew Health and Performance System to reduce 
risk. These CMs include 

– Selection of crewmembers who are resilient to decrements in Psychological 
Status and Cognitive Function. 

– Training, which historically has been provided before flight and enables 
crewmembers to develop individual resilience as well as team cohesion. This 
may need to be included during flight as well during future missions. 

– Exercise, which has a strong connection with mood and motivation of the 
crewmember and affects both Psychological Status and Cognitive Function in 
positive ways. 

– Behavioral Health and Performance (BHP) Prevention Capability, which could 
include Exercise, however other preventive measures are performed including 
care packages, family conferences, private psychological conferences (PPC), and 
more. 

– BHP Monitoring Capability to enable the crew to identify when their 
Psychological Status or Cognitive Function changes, and to determine 
appropriate times to implement BHP Intervention Capability. This includes 
regular assessments of Cognitive Function and evaluations during private 
medical conferences as well as PPCs. 

– BHP Intervention Capability, which includes clinically indicated PPCs, private 
family conferences, ground-based family support services intervention by other 
crewmembers, and other BHP interventions that may include medications if 
warranted. 

 
• Most of the current CMs are dependent on real-time communication and resupply. As 

Communication Factors change with Distance from Earth, access to Ground Support that 
enables successful BHP Monitoring Capability and BHP Intervention Capability becomes 
strained or non-existent. 

 
• Both CNS Changes and Psychological Status of an individual astronaut throughout a 

mission can cause Long-Term Health Outcomes. Post-flight and post-career 
Surveillance can Detect Long-Term Health Outcomes of interest and better 
characterize the long-term risk to astronauts. 
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5. Risk Summary 
Risk Title: Risk of Adverse Cognitive or Behavioral Changes and Psychiatric Disorders Leading to In-mission Health and Performance and Long-term Health effects 
Risk Custodian Team: Sheena Dev, James Picano, Devan Petersen  

Risk Statement: Given that crews of future exploration missions will be exposed to extended durations of isolation and confinement, greater distances from Earth, as well as increased exposures to radiation and altered 
gravity, there is a possibility that these singular or combined hazards could lead to (a) adverse cognitive or behavioral changes affecting crew health and performance during the mission; (b) development of psychiatric 
disorders if adverse behavioral health changes are undetected or inadequately mitigated; and (c) long-term health consequences, including late-emerging cognitive and behavioral changes. 
Primary Hazard: Isolation and Confinement Secondary Hazard(s): Hostile Closed Environment, Distance from Earth, Radiation, Altered Gravity 

Countermeasures: Monitoring: private psychological conferences (PPC) and cognitive monitoring (for Long-
duration space exploration (LDSE)), unobtrusive monitoring* Prevention: Preflight: selection and training 
(LDSE); Inflight: operational psychology services (care packages, family conferences, etc.), exercise, and 
habitat and systems designs (for beyond LEO), nutrition and supplements*, task and decision support 
(HSIA)* Intervention: PPC and pharmaceuticals (LDSE) 

Contributing Factors: Mission duration (>6 months), workload, personality (for LDSE), Sleep, Team dynamics, 
family and psychosocial stressors (e.g., illness or death of loved one, world events, etc.), individual factors (e.g., 
age, sex, genetic predispositions), habitat design and systems (e.g., atmosphere*, food acceptability*, habitable 
volume*, privacy*, lighting, etc.), deficient sensory stimulation*, medical conditions, medication side effects, 
pain, dangerous operational environment 

State of Knowledge: Sub-diagnostic behavioral health conditions were anecdotally reported on several long-duration missions. Inflight symptoms have never reached diagnostic threshold despite related instances of lost 
mission objectives or early return. Estimated incidence of behavioral health symptoms on the International Space Station (ISS) is 0.62 person-year, although this is likely an underestimate. Incidence of psychiatric 
disorders in Antarctic studies is ≥ 4.5%; an increase in behavioral health symptoms over time with a preliminary non-linear increased incidence past 5–6 months has been established in experiments conducted in analogs 
of spaceflight. Alterations in the morphology and function of the brain have been identified in astronauts who have participated in long-duration missions on the ISS , although cognitive performance or long-term health 
implications of these changes are unknown. Biomarker data obtained from long-duration ground analogs of spaceflight reveal declines in a key neurotrophin linked to reductions in brain volume. A case report and 
anecdotal evidence indicates inconsistent, mild cognitive decrements in LEO. Clinically meaningful cognitive decrements after flight is hypothesized to relate to physiological adaptation and persisted at least 6 months 
after landing in a single case study; lifetime course and prevalence are unknowns. Animal research suggests possible short-term cognitive decrements due to radiation exposure with uncertain human translatability. 
Limited study of adult atomic bomb survivors indicates no likelihood of excess neurodegenerative disease. Adult cranial radiotherapy survivors show clinically meaningful cognitive decrements from high-dose terrestrial 
radiation and some evidence of likelihood of excess neurodegenerative disease. Emerging evidence from terrestrial epidemiological studies of multiple U.S. cohorts with occupational radiation exposure now show excess relative risk 
for Parkinson’s Disease mortality. Minimal evidence exists of excess neurodegenerative diseases in astronauts who have participated in short-duration LEO missions, however, the likelihood for long-duration and DRMs 
beyond LEO is unknown. The most current countermeasures have limited feasibility beyond LEO, increasing risk. 
L x C Drivers Summary: Ops LxC: Sub diagnostic conditions. LTH LxC: Neuropsychological conditions and psychiatric disorders. 
Ops Likelihood per DRM: LEO-long duration: >1.0% likelihood. Reduced likelihood for <30 days. Lunar Orbital: similar likelihood as 
LEO; possibility of increased likelihood due to smaller habitat volume, smaller crew size, limited food system, no or limited 
resupply. Lunar Orbital + Surface: similar to Lunar Orbital, but possibility of increased probability of temporary decrements due to 
reduced habitability, higher EVA workload, and radiation exposure. Mars (both): Increased probability due to duration, distance 
from Earth, limited communication, no resupply, radiation exposure, no currently validated countermeasures for asynchronous 
connection to home and BHP monitoring and intervention. 
Ops Consequence per DRM: All short DRMs: Assumed lower consequence during most short missions. Long LEO and Lunar Orbital: 
Effective mitigation requires crew time and resources. Lunar Orbital + Surface: Assumed higher consequence for early Artemis due 
to reduced habitability. Mars (both): Increased opportunity for exacerbation due to duration and limited prevention and 
intervention due to communication delay with mission control and no evacuation or early return capability. 
LTH Likelihood per DRM: All Short DRMs: lower likelihood of cognitive decrements due to shorter exposures to hazards. Unknown 
likelihood of behavioral health disorders. Long LEO: Single case study finding of cognitive decrements after flight that are assumed 
reversible and related to physiological state; unknown prevalence and course. Brain morphology alterations have uncertain 
relevance but drive concern. Lunar Orbital and Lunar Orbital + Surface: Unknown prevalence of cognitive and psychological 
disorders. Mars: Unknown late-emerging neurodegenerative disease outcomes (possibly including permanent disability). 
LTH Consequence per DRM: Psychiatric disorders assumed to be outpatient treatable with moderate impact to quality of life. 
Unknown late-emerging neurodegenerative disease outcomes (possibility including permanent disability). 

DRM 
Categories 

Mission Type 
and Duration 

LxC 
Ops 

Risk Disposition 
Ops 

LxC 
LTH 

Risk Disposition 
LTH 

Low Earth 
Orbit 

Short 
(<30 days) 4x1 Accepted with 

Monitoring 1x3 Accepted with 
Monitoring 

Long 
(30 days to 1 

year) 
5x2 Requires 

Mitigation 2x3 Accepted with 
Monitoring 

Lunar Orbital 

Short 
(<30 days) 4x2 Requires 

Characterization 1x3 Accepted with 
Monitoring 

Long 
(30 days to 1 

year) 
5x2 Requires 

Mitigation 2x3 Requires 
Characterization 

Lunar Orbital 
+ Surface 

Short 
(<30 days) 4x2 Requires 

Characterization 1x3 Accepted with 
Monitoring 

Long 
(30 days to 1 

year) 
5x2 Requires 

Mitigation 2x3 Requires 
Characterization 

Risk Disposition Rationale Summary per DRM: Ops: Monitor for sub diagnostic conditions due to lower likelihood for short LEO 
and short Lunar Orbital DRMs. Short lunar orbital + surface mission characteristics differ enough from prior missions to create 
uncertainty (e.g., probable communication delays with mission control and high tempo EVAs). Mitigation required for all long 
DRMs using crew time and resources at a minimum. Subclinical conditions have threatened or contributed to loss of mission 
objectives in the past and are more likely to emerge with longer durations and with inadequate mitigation capabilities due to 
communication delay with mission control. LTH: monitor for psychiatric and neuropsychological conditions after flight and lifetime 
surveillance after short and long DRMs. Single case study finding of cognitive decrements after flight requires characterization due 
to uncharacterized behavioral health outcomes with distance from Earth, operational performance demands upon planetary 
surface landing, and uncharacterized neurocognitive outcomes outside LEO. Mars planetary requires mitigation and close 
cognitive monitoring through post-landing recovery. Lifetime surveillance thereafter. 

Mars 

Preparatory 
(<1 year) 5x3 Requires 

Mitigation 2x3 Requires 
Characterization 

Planetary 
(730-1224 

days) 
5x3 Requires 

Mitigation 2x5 Requires 
Mitigation 

 
* Countermeasures or contributing factors that are not yet proven 
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6. LxC Quick look 
 

Previous (Converted to 5x5, February 2023)    Current (July 2024) 
 
                              
 

 
 
 
 

DRM 
Categories 

Mission Type 
and Duration 

LxC 
Ops 

Risk Disposition 
Ops 

LxC 
LTH 

Risk Disposition 
LTH 

Low Earth 
Orbit 

Short 
(<30 days) 4x1 Accepted with 

Monitoring 1x3 Accepted with 
Monitoring 

Long 
(30d  - 1 year) 5x2 Requires 

Mitigation 2x3 Accepted with 
Monitoring 

Lunar Orbital 

Short (<30 
days) 4x1 Accepted with 

Monitoring 1x3 Accepted with 
Monitoring 

Long 
(30d  - 1 year)  5x2 Requires 

Mitigation 2x3 Requires 
Characterization 

Lunar Orbital 
+ Surface 

Short (<30 
days) 4x2 Requires 

Characterization 1x3 Accepted with 
Monitoring 

Long 
(30d  - 1 year) 5x2 Requires 

Mitigation 2x3 Requires 
Characterization 

Mars 

Preparatory 
(<1 year) 5x3 Requires 

Mitigation 2x3 Requires 
Characterization 

Planetary 
( 1 -3 years) 5x3 Requires 

Mitigation 2x5 Requires 
Mitigation 

DRM 
Categories 

Mission Type 
and Duration 

LxC 
Ops 

Risk Disposition 
Ops 

LxC 
LTH 

Risk Disposition 
LTH 

Low Earth 
Orbit 

Short 
(<30 days) 4x1 Accepted with 

Monitoring 1x3 Accepted with 
Monitoring 

Long 
(30d  - 1 year) 5x2 Requires 

Mitigation 2x3 Accepted with 
Monitoring 

Lunar Orbital 

Short (<30 
days) 4x2 Requires 

Characterization 1x3 Accepted with 
Monitoring 

Long 
(30d  - 1 year)  5x2 Requires 

Mitigation 2x3 Requires 
Characterization 

Lunar Orbital 
+ Surface 

Short (<30 
days) 4x2 Requires 

Characterization 1x3 Accepted with 
Monitoring 

Long 
(30d  - 1 year) 5x2 Requires 

Mitigation 2x3 Requires 
Characterization 

Mars 

Preparatory 
(<1 year) 5x3 Requires 

Mitigation 2x3 Requires 
Characterization 

Planetary 
( 1 -3 years) 5x3 Requires 

Mitigation 2x5 Requires 
Mitigation 
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7. Assumptions 
All LxC assessments: 

• Assume that NASA Standards 3001 have been met 
• CMs equivalent to those used currently on the ISS are in use 
• Based on the HSRB LxC Matrix and the HSRB DRM Categories 
• Additional assumptions are documented below 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Countermeasures or contributing factors that are not yet proven 

 

 
 
 
 
 
 
 
 
 
 

DRM 
Categories 

Mission 
Type and 
Duration 

Assumptions 

Low Earth 
Orbit (LEO) 

Short 
(<30 days)  

Long 
(30 d-1 yr.)  

Lunar 
Orbital 

Short 
(<30 days) 

Communication delay is significant enough to impact real time communication with 
mission control (2.5 to 10s one way) 

Long 
(30 d-1 yr.) 

Communication delay is significant enough to impact real time communication with 
mission control (2.5 to 10s one way) 

Lunar 
Orbital + 
Surface 

Short 
(<30 days) 

Communication delay is significant enough to impact real time communication with 
mission control (2.5 to 10s one way) 

Long 
( 30 d-1 yr.) 

Communication delay is significant enough to impact real time communication with 
mission control (2.5 to 10s one way) 

Mars 

Preparatory 
(<1 year) 

Communication delay is significant enough to impact real time communication with 
mission control (up to 20 mins round trip) 
Significant crew independence from ground support 

Planetary 
1 – 3 yrs.) 

Communication delay is significant enough to impact real time communication with 
mission control (up to 20 mins round trip) 
Significant crew independence from ground support   

• Crew size does not undermine team 
functioning (Team Risk) or resource allocation 

 
Current countermeasures in use: 
• Monitoring: private psychological conferences 

(PPC) and cognitive monitoring (for long-duration 
space exploration [LDSE]), unobtrusive 
monitoring*  

 
• Prevention: Before flight: crewmember selection 

and training (LDSE); After flight: operational 
psychology services (care packages, family 
conferences, etc.), exercise, and habitat and 
systems designs (for beyond LEO), nutrition and 
supplements*, task and decision support (HSIA)* 

  
• Intervention: PPC and pharmaceuticals (LDSE) 
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8. HSRB Risk Likelihood x Consequence Matrix 
 

 Operations 
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1x3 LEO short,  Lunar Orbital short; 
Lunar Orbital  + Surface short 

2x3 LEO long; Lunar Orbital long; 
Lunar Orbital + Surface Long; 
Mars Prep 

Long-Term Health

2x5 Mars Planetary 
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Risk Postures – 2020 update 
Basis of Likelihood Estimates 

 

 Which threshold? 
– Sub-clinical signs and symptoms of behavioral and cognitive changes (Long-Term Surveillance of 

Astronaut Health [LSAH] Data Request ID: #10912) 
 Consequence level = 1–3 

• Requires crew time and resources to mitigate during mid-duration (6 months) LEO (consequence level 2) 
• Has threatened or contributed to lost mission objectives in more austere conditions (consequence level 

3) 
• Estimate for Mars is (consequence level 3) 

• Current mitigation is dependent on communication and resupply capabilities 

 ISS incidence: 0.62 per person-year 
• Consequence level is unknown; assumed closer to 2 

 
– Disorders (Integrated Medical Model [IMM]) 
 Consequence level = 4 

• Requires extended medical intervention and support 

 0 inflight – threshold overestimates observed incidence AND consequence 
 Incidence estimates are based on terrestrial population studies 

 
 
 
 
 

 Sub-clinical signs and symptoms of behavioral and cognitive changes (LSAH Data Request ID: 
#10912) 
• Likelihoods considered: 

– P[at least 1 event] 
– P[X events] ≥ 0.01% 

 

 
 

Minimum 
(3 crew, 14 days) 

 
(6 crew, 30 days) 

 
(4 crew, 6 months) 

Maximum 
(6 crew, 1 year) 

LEO and Lunar 
(consequence 1-2) 

4x  1 
6.824% 

P[1 event] >0.01% 

5x  1-2 
26.29% 

P[2 event] >0.01% 

5x  2 
71.06% 

P[4 events] >0.01% 

5x  2 
97.58% 

P[9 events] >0.01% 

 
 

Minimum 
(4 crew, 6 months) 

 
(6 crew, 1 year) 

 
(4 crew, 730 days) 

Maximum 
(6 crew, 1224 days) 

Mars 
(consequence 3) 

5x  3 
71.06% 

P[4 events] >0.01% 

5x  3 
97.57% 

P[9 events] >0.01% 

5x  3 
99.30% 

P[11 events] >0.01% 

5x  3 
99.30% 

P[21 events] >0.01% 

Likelihood 

5 P<10% 

4 1%<P<10% 

3 0.1%<P<1% 

2 0.01%<P<0.1% 

1 <0.01% 
 



14 
 

9. Risk Postures 
 
Low Earth Orbit (< 30 Days) 

Operations 
    

• LxC Drivers for Likelihood: 6.82% (14-day; 3-person crew; P[1 event] ≥ 0.01%) – 26.29% (30-day, 6-person crew; P[2 
events] ≥ 0.01%) of subclinical signs or symptoms of behavioral and cognitive changes sufficient to be noted in 
inflight medical records (Antonsen et al., 2017; LSAH data request #10912). Short-duration, large habitat volume, 
habitability CMs, BHP prevention CMs, resupply, and ample real-time communication bandwidth reduce the 
likelihood. 

 
• LxC Drivers for Consequence: To date, most signs and symptoms of behavioral and cognitive changes during short-

duration missions have had minor impacts to crew health and performance. Only mild and/or transient cognitive 
decrements have been reported anecdotally or observed to date. Effective mitigation requires nominal crew time 
during short-duration missions (e.g., appropriate rest). 

 
• Rationale for Risk Disposition: Monitor for sub-diagnostic (e.g., signs and symptoms) behavioral and cognitive 

changes during short-duration missions which have currently effective mitigation due to crewmember selection, 
BHP CMs and interventions, and standards. 

 
• DRM Specific Assumptions: N/A 
 
• DRM Specific Evidence/Level of Evidence: 2-Moderate 

 
 
 
Low Earth Orbit (< 30 Days) 

Long-Term Health 
 

• LxC Drivers for Likelihood: Estimated to be very low excess risk. The prevalence of psychiatric disorders in 
astronauts is unknown. Minimal evidence of increased prevalence of neurodegenerative disease in astronauts who  
fly short-duration LEO missions. Assumes mitigation resulting from crewmember selection and BHP operations, and 
family support services for reintegration. 

 
• LxC Drivers for Consequence: It is assumed that psychiatric disorders due to reintegration adjustment will be 

treatable on outpatient basis with eventual return to baseline and will have a moderate impact on quality of life 
during the course of the condition. 

 
• Rationale for Risk Disposition: Monitor for psychiatric and cognitive changes and implement intervention as 

needed. Limited data with which to base disposition drives uncertainty. 
 
• DRM Specific Assumptions: N/A 
 
• DRM Specific Evidence/Level of Evidence: 3-Weak 

 
 

4x1 Accepted with Monitoring 

1x3 Accepted with Monitoring 
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Low Earth Orbit (30 d – 1 yr) 
Operations 
 
• LxC Drivers for Likelihood: 60.54% (6-month; 3-person crew; P[4 events] ≥ 0.01%) – 97.58% (1-year; 6-person crew; 

P[9 events] ≥ 0.01%) of subclinical signs or symptoms of behavioral and cognitive changes sufficient to be noted in 
inflight medical records (Antonsen et al., 2017; LSAH data request #10912). Short-duration, large habitat volume, 
habitability CMs, BHP prevention CMs, resupply, and ample real-time communication bandwidth decrease the 
likelihood of non-bereavement conditions. The minimal incidence estimate of bereavement is 1.61 per-mission on 
ISS. 

 
• LxC Drivers for Consequence: Effective mitigation currently requires crew time and resources. As mission duration 

increases, chances increase that signs or symptoms of behavioral and cognitive changes become more than 
transient. Bereavement is not caused by spaceflight but can worsen during longer-duration isolation and 
confinement. Lost mission objectives and early return have occurred in more austere habitability conditions and 
with fewer crewmember selection and training CMs. 

 
• Rationale for Risk Disposition: Even with crewmember selection and training, effective mitigation requires BHP 

CMs and interventions during the mission. 
 
• DRM Specific Assumptions: N/A 
 
• DRM Specific Evidence/Level of Evidence: 2-Moderate 

 
 
Low Earth Orbit (30 d – 1 yr) 

Long-Term Health 
 
• LxC Drivers for Likelihood: Excess risk is estimated to be a low. The prevalence of psychiatric disorders in 

astronauts is unknown. The prevalence of long-term or late-emerging cognitive changes in crewmembers of long-
duration missions in LEO  is unknown. Assumes mitigation from crewmember selection and BHP Operations, and 
family support services for reintegration. The impact of elevated radiation exposure is unknown. 

 
• LxC Drivers for Consequence: It is assumed that psychiatric disorders due to reintegration adjustment will be 

treatable on outpatient basis with eventual return to baseline and will have a moderate impact on quality of life 
during the course of the condition. Temporary cognitive decrements after landing related to physiological 
readaptation to 1G is uncertain (evidence from single case study only). Emerging evidence from terrestrial 
epidemiological studies of multiple U.S. cohorts with occupational radiation exposure now show excess relative risk 
for Parkinson’s Disease mortality. 

 
• Rationale for Risk Disposition: Monitor for behavioral and cognitive changes to intervene as needed before 

diagnostic threshold is reached. Monitor cognitive function before return-to-flight. Requires characterization due to 
limited data on which to base the disposition, especially 1-year missions. Requires characterization of late-
emerging changes or conditions (e.g., conditions that have an expected onset later in life). 

 
• DRM Specific Assumptions: N/A 
 
• DRM Specific Evidence/Level of Evidence: 3-Weak 

5x2 Requires Mitigation 

2x3 Accepted with Monitoring 
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Lunar Orbital (< 30 Days) 
Operations 

    
• LxC Drivers for Likelihood: 6.82% (14-day; 3-person crew; P[1 event] ≥ 0.01%) – 26.29% (30-day, 6-person crew; P[2 

events] ≥ 0.01%) of subclinical signs or symptoms of behavioral and cognitive changes sufficient to be noted in 
inflight medical records (Antonsen et al., 2017; LSAH data request #10912). P[1 event] > 0.01%. The short duration 
reduces likelihood. Communication delays with ground support impact BHP prevention and monitoring, small habitat 
volume, and fewer habitability CMs and resupply, and disrupted sleep increase likelihood. 

 
• LxC Drivers for Consequence: To date, most signs and symptoms of behavioral and cognitive changes during short-

duration missions have had minor impacts to crew health and performance. Only mild and/or transient cognitive 
decrements have been anecdotally reported or observed to date. Communication delays impacting current CMs will 
at minimum require additional crew time and have unknown impacts to the behavioral health. Effective mitigation 
requires nominal crew time standards during short-duration missions (e.g., appropriate rest). 

 
• Rationale for Risk Disposition: Monitor for sub-diagnostic (e.g., signs and symptoms) behavioral and cognitive 

changes during these short-duration missions with greater vehicle austerity. Monitor cognitive performance due to 
uncertainty associated with exploration atmosphere and sleep/fatigue contributing factors in greater vehicle 
austerity. Impacts of communication delays are unknown. No validated inflight prevention and monitoring 
approaches have been developed for asynchronous or delayed communications with mission control.  

 
• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (2.5-10s one way). 
 
• DRM Specific Evidence/Level of Evidence: 2-Moderate 

 
 
Lunar Orbital (< 30 Days) 

Long-Term Health 
 

• LxC Drivers for Likelihood: Excess risk is estimated to be very low. The prevalence of psychiatric disorders in 
astronauts is unknown. Minimal evidence exists of excess prevalence of neurodegenerative disease during short-
duration missions in LEO. Assumes mitigation from crewmember selection and BHP operations, and family support 
services for reintegration. 

 
• LxC Drivers for Consequence: It is assumed that psychiatric disorders due to reintegration adjustment will be 

treatable on outpatient basis with eventual return to baseline and will have moderate impact on quality of life 
during the course of the condition. 

 
• Rationale for Risk Disposition: Monitor for psychiatric and cognitive changes to implement intervention as needed. 

Limited data with which to base disposition drives uncertainty. Monitor to characterize uncertainties regarding the 
effects of exploration atmosphere. 

 
• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (2.5-10s one way). 
 
• DRM Specific Evidence/Level of Evidence: 3-Weak 

4x2 Requires Characterization 

1x3 Accepted with Monitoring 
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Lunar Orbital (30 d – 1 yr) 
Operations 
 
• LxC Drivers for Likelihood: 60.54% (6-month; 3-person crew; P[4 events] ≥ 0.01%) – 97.58% (1-year; 6-person crew; 

P[9 events] ≥ 0.01%) of subclinical signs or symptoms of behavioral and cognitive changes sufficient to be noted in 
inflight medical records (Antonsen et al., 2017; LSAH data request #10912). The minimal incidence estimate of 
bereavement is 1.61 per-mission on the ISS. Communication delays, small habitat volume, fewer habitability CMs 
and resupply, and disrupted sleep will likely increase the likelihood, but the amount of the increase is unknown. The 
impact of elevated radiation exposure is unknown. 

 
• LxC Drivers for Consequence: Effective mitigation currently requires crew time and resources. As the mission 

duration increases, the chances increase that signs or symptoms of behavioral and cognitive changes become more 
than transient and delayed communication limits current BHP inflight prevention, monitoring, and intervention 
approaches. Bereavement is not caused by spaceflight but can be worsened in longer-duration isolation and 
confinement. Lost mission objectives and early return have occurred in more austere habitability conditions and 
with fewer crewmember selection and training CMs. 

 
• Rationale for Risk Disposition: Even with crewmember selection and training, effective mitigation requires BHP 

inflight CMs, interventions, and standards. No validated inflight prevention and monitoring approaches have been 
developed for asynchronous or delayed communications. Lost mission objectives and early return have occurred in 
more austere habitability conditions with fewer CMs. 

 
• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (2.5-10s one way). 
 
• DRM Specific Evidence/Level of Evidence: 2-Moderate 

 
 
Lunar Orbital (30 d – 1 yr) 

Long-Term Health 
 
• LxC Drivers for Likelihood: Excess risk is estimated to be low. Prevalence of psychiatric disorders in astronauts is 

unknown. The prevalence of long-term or late-emerging cognitive changes in crewmembers of long-duration LEO 
missions is unknown. The impact of elevated radiation exposure is unknown. Assumes mitigation from crewmember 
selection, BHP operations, and family support services for reintegration. 

 
• LxC Drivers for Consequence: It is assumed that psychiatric disorders due to reintegration adjustment will be 

treatable on outpatient basis with eventual return to baseline and will have moderate impact on quality of life 
during the course of the condition. A temporary cognitive decrement after landing related to physiological 
readaptation to 1G is uncertain (evidence from single case study only). Emerging evidence from terrestrial 
epidemiological studies of multiple U.S. cohorts with occupational radiation exposure now show excess relative risk 
for Parkinson’s Disease mortality. 

 
• Rationale for Risk Disposition: Monitor for behavioral and cognitive changes to intervene as needed before 

diagnostic threshold is reached. Monitor cognitive functions before return-to-flight. Requires characterization due 
to limited data on which to base the disposition, especially for 1-year missions. Requires characterization of late-
emerging changes or conditions (e.g., conditions that have an expected onset later in life). 

5x2 Requires Mitigation 

2x3 Requires Characterization 
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• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (2.5-10s one way). 
 
• DRM Specific Evidence/Level of Evidence: 3-Weak 

 
 
 
Lunar Orbital + Surface(< 30 Days) 

Operations 
 

• LxC Drivers for Likelihood: 6.82% (14-day; 3-person crew; P[1 event] ≥ 0.01%) – 26.29% (30-day, 6-person crew; P[2 
events] ≥ 0.01%) of subclinical signs or symptoms of behavioral and cognitive changes sufficient to be noted in 
inflight medical records (Antonsen et al., 2017; LSAH data request #10912). The short duration of the mission 
decreases the likelihood. Communication delays impacting BHP prevention and monitoring,  small habitat volume, 
fewer habitability CMs and resupply, EVA tempo, and disrupted sleep may increase likelihood. 

 
• LxC Drivers for Consequence: To date, most signs and symptoms of behavioral and cognitive changes during short-

duration missions have had minor impacts to crew health and performance. Only mild and/or transient cognitive 
decrements have been reported anecdotally or observed to date. However, changes affecting the human landing 
system could induce cognitive changes of higher consequence during the early Artemis missions, requiring crew 
time and resources to mitigate. Reductions in CMs and habitability requirements (e.g., food and hydration, sleep 
and fatigue mitigation capabilities, exercise capabilities) add additional risk to the astronauts that can be 
expressed as cognitive decrements. Uncertainties driving further concern for cognitive performance include the 
atmosphere of the human landing system and EVA pace and workload. Greater chances of loss of a mission 
objectives exist during a short-duration mission. 
 

• Rationale for Risk Disposition: The consequences of changes in behavioral and cognitive performance are 
uncertain given the greater austerity of mission parameters (e.g., reduced volume and habitability, privacy, and 
sleep CMs, increased surface workload, unknown cognitive performance associated with exploration atmosphere, 
limited food system, and limited hydration), which pushes additional mission risk onto the human that can be 
expressed as cognitive decrements. Impacts of communication delays not known. No validated inflight prevention 
and monitoring approaches have been developed for asynchronous or delayed communications. 

 
• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (2.5-10s one way). 
 
• DRM Specific Evidence/Level of Evidence: 2-Moderate 

 
 
 
Lunar Orbital + Surface (< 30 Days) 

Long-Term Health 
 

• LxC Drivers for Likelihood: Excess risk is estimated to be very low. Prevalence of psychiatric disorders in astronauts 
is unknown. Minimal evidence of excess prevalence of neurodegenerative disease during short-duration missions in 
LEO. Assumes mitigation from crewmember selection, BHP Operations, and family support services for 

4x2 Requires Characterization 

1x3 Accepted with Monitoring 
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reintegration. 
 
• LxC Drivers for Consequence: It is assumed that psychiatric disorder due to reintegration adjustment will be 

treatable on outpatient basis with eventual return to baseline and will have a moderate impact on quality of life 
during the course of the condition. 

 
• Rationale for Risk Disposition: Monitor for psychiatric and cognitive changes to implement intervention as 

needed. Limited data with which to base disposition drives uncertainty. Monitor to characterize uncertainties 
regarding exploration atmosphere. 

 
• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (2.5-10s one way). 
•  
 
• DRM Specific Evidence/Level of Evidence: 3-Weak 

 
 
 
Lunar Orbital + Surface (< 30 d – 1 yr) 

Operations 
 

• LxC Drivers for Likelihood: 60.54% (6-month; 3-person crew; P[4 events] ≥ 0.01%) – 97.58% (1-year; 6-person crew; 
P[9 events] ≥ 0.01%) of subclinical signs or symptoms behavioral and cognitive changes sufficient to be noted in 
inflight medical records (Antonsen et al., 2017; LSAH data request #10912). Minimal incidence estimate of 
bereavement is 1.61 per-mission on ISS. Communication delays, small habitat volume, fewer habitability CMs and 
resupply, EVA tempo, and disrupted sleep will likely increase likelihood by an unknown amount. 

 
• LxC Drivers for Consequence: Effective mitigation currently requires crew time and resources. As duration 

increases, chances increase that signs or symptoms of behavioral and cognitive changes become more than 
transient, and delayed communication limits current BHP inflight prevention, monitoring, and intervention 
approaches. Bereavement is not caused by spaceflight but can be worsened in longer-duration isolation and 
confinement. Lost mission objectives and early return have occurred in more austere habitability conditions and 
with fewer crewmember selection and training CMs. 

 
• Rationale for Risk Disposition: Even with crewmember selection and training, effective mitigation requires BHP 

inflight CMs, interventions, and standards. No validated inflight prevention and monitoring approaches have been 
developed for asynchronous or delayed communications. Lost mission objectives and early return have occurred in 
more austere habitability conditions with fewer CMs. 

 
• DRM Specific Assumptions: Commination delay is significant enough to impact real time communication with 

mission control (2.5-10s one way). 
 
• DRM Specific Evidence/Level of Evidence: 2-Moderate 

 
 
Lunar Orbital + Surface (< 30 d – 1 yr) 

Long-Term Health 

5x2 Requires Characterization 

2x3 Requires Characterization 
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• LxC Drivers for Likelihood: Excess risk is estimated to be low. The prevalence of psychiatric disorders in astronauts 

is unknown. The prevalence of long-term or late-emerging cognitive conditions in crewmembers of long-duration 
missions in LEO is unknown. The impact of elevated radiation exposure is unknown. Assumes mitigation from 
crewmember selection, BHP operations, and family support services for reintegration. 

 
• LxC Drivers for Consequence: It is assumed that psychiatric disorders due to reintegration adjustment will be 

treatable on outpatient basis with eventual return to baseline and will have a moderate impact on quality of life 
during the course of the condition. A temporary cognitive decrement after landing related to physiological 
readaptation to 1G is uncertain (evidence from single case study only). 

 
 Rationale for Risk Disposition: Monitor cognitive changes to intervene as needed before diagnostic threshold is 

reached. Monitor cognitive functions before return-to-flight. Requires characterization due to limited data on 
which to base the disposition, especially for 1-year missions. Requires characterization of late-emerging changes 
or conditions (e.g., conditions that have an expected onset later in life). 

 
• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (2.5-10s one way). 
 
• DRM Specific Evidence/Level of Evidence: 3-Weak 

 
 
 
Mars Preparatory (<1 yr.) 
 

Operations 
 

• LxC Drivers for Likelihood: 71.06% (6-month; 4-person crew) – 97.58% (1-year; 6-person crew) of subclinical signs 
or symptoms of behavioral and cognitive changes sufficient to be noted in inflight medical records (Antonsen et al., 
2017; LSAH data request #10912). Communication delays that impact BHP prevention and monitoring, small 
habitat volume, fewer habitability CMs, no resupply, increased exposure to radiation, and disrupted sleep increase 
likelihood by an unknown amount. 

 
• LxC Drivers for Consequence: Concern exists that increased duration and/or severity of symptoms of behavioral and 

cognitive changes due to no evacuation or early return capability, limited hybrid-autonomous CMs, and no hybrid-
autonomous treatment capabilities will impact crew health and performance. Bereavement can be worsened by 
longer-duration isolation and confinement and distance from Earth, which also threatens loss of mission objectives. 

 
• Rationale for Risk Disposition: Even with crewmember selection and training, effective mitigation requires BHP 

inflight CMs and interventions. No validated inflight prevention and monitoring approaches have been developed 
for asynchronous or delayed communications. Lost mission objectives and early return have occurred in more 
austere conditions with fewer CMs. Mitigation is necessary to prevent worsening of signs and symptoms of 
behavioral and cognitive changes due to no evacuation/early return capability. 

 
• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (up to 20 mins one way); Significant crew independence from ground support. 
 
• DRM Specific Evidence/Level of Evidence: 3-Weak 

5x3 Mitigation 
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Mars Preparatory (<1 yr.) 

Long-Term Health 
 
• LxC Drivers for Likelihood: Excess risk is estimated to be low for long-duration missions in LEO. The prevalence of 

psychiatric disorders in astronauts is unknown. The prevalence of long-term or late-emerging cognitive conditions 
in crewmembers of long-duration missions in LEO is unknown. The impact of elevated radiation exposure is 
unknown. Assumes mitigation from crewmember selection, BHP operations, and family support services for 
reintegration. 

 
• LxC Drivers for Consequence: It is assumed that psychiatric disorders due to reintegration adjustment will be 

treatable on outpatient basis with eventual return to baseline and will have moderate impact on quality of life 
during the course of the condition. A temporary cognitive decrement after landing related to physiological 
readaptation to 1G is uncertain (evidence from single case study only). Emerging evidence from terrestrial 
epidemiological studies of multiple U.S. cohorts with occupational radiation exposure now show excess relative risk 
for Parkinson’s Disease mortality. 

 
• Rationale for Risk Disposition: Monitor for behavioral and cognitive conditions to intervene as needed before 

diagnostic threshold is reached. Monitor cognitive function before return-to-flight. Requires characterization due to 
limited data on which to base the disposition, especially for 1-year missions. Requires characterization of late-
emerging changes or conditions (e.g., conditions that have an expected onset later in life). 

 
• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (up to 20 mins one way); Significant crew independence from ground support. 
 
• DRM Specific Evidence/Level of Evidence: 3-Weak 

 
 
 
Mars Planetary (730-1224 d) 

Operations 
 

• LxC Drivers for Likelihood: 99.30% (730-days; 4-person crew) – 99.99% (1224-days; 6-person crew) of subclinical 
signs or symptoms of behavioral and cognitive changes sufficient to be noted in inflight medical records (Antonsen 
et al., 2017; LSAH data request #10912). Communication delays impacting BHP prevention and monitoring, small 
habitat volume, fewer habitability CMs, no resupply, EVA tempo, increased exposure to radiation, and disrupted 
sleep increase the likelihood by an unknown amount. Long-duration coupled with distance from Earth increases 
likelihood of repeated or persistent signs and symptoms of behavioral and cognitive changes, however, the quantity 
of the changes is unknown. 

 
• LxC Drivers for Consequence: An increased possibility exists that signs and symptoms of behavioral and cognitive 

changes will persist (vs. transient) and/or will be more severe, which would normally indicate support is required 
from ground personnel before these behaviors threaten a mission objective. Limited hybrid-autonomous CMs and 
no hybrid-autonomous treatment capability exist currently, which increases consequence. No evacuation/early 
return capability for worst-case mitigation exists. Evidence of post-landing cognitive operational performance 
decrements requires further characterization to assess potential impacts to planetary surface operations. 
Bereavement can be worsened by longer-duration isolation and confinement and distance from Earth. 

 

2x3 Requires Characterization 

5x3 Requires Mitigation 
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• Rationale for Risk Disposition: Even with crewmember selection and training, effective mitigation requires BHP 
inflight CMs and interventions developed for asynchronous communications. Lost mission objectives and early 
return have occurred in more austere habitability conditions with fewer CMs. 

 
• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (up to 20 mins one way); Significant crew independence from ground support. 
 
• DRM Specific Evidence/Level of Evidence: 3-Weak 

 
 
Mars Planetary (730-1224 d) 

Long-Term Health 
 
• LxC Drivers for Likelihood: Excess risk is estimated to be low. Radiotherapy cancer survivors indicate 1.63-1.91% 

excess risk of dementia and translatability to spaceflight is unknown. The prevalence of long-term psychiatric 
disorders in astronauts is unknown. The prevalence of long-term or late-emerging cognitive conditions in 
crewmembers of long-duration missions outside of LEO is unknown. Assumes mitigation from crewmember 
selection, BHP operations, and family support services for reintegration. The impact of elevated radiation exposure 
is unknown.  

 
• LxC Drivers for Consequence: Psychiatric disorders due to reintegration adjustment and/or late-emerging 

neurodegenerative disease are unknown. It is assumed that psychiatric disorders will be outpatient treatable to 
return to baseline and will have a moderate impact on quality of life and flight status. (evidence from a single case 
study only). Impacts of elevated radiation exposure are unknown. Cognitive disorder or neurodegenerative disease 
outcomes (possibly including permanent disability) are unknown. Emerging evidence from terrestrial 
epidemiological studies of multiple U.S. cohorts with occupational radiation exposure now show excess relative risk 
for Parkinson’s Disease mortality. 

 
• Rationale for Risk Disposition: Reintegration behavioral health support and cognitive monitoring is indicated given 

that the long duration and the physiological adaptation to 1G is likely to impact behavioral health and cognition 
during the return-to-flight period. Unknown excess likelihood or consequence of cognitive conditions or 
neurodegeneration on which to base disposition. Requires characterization of late-emerging changes or 
conditions (e.g., conditions that have an expected onset later in life). 

 
• DRM Specific Assumptions: Communication delay is significant enough to impact real time communication with 

mission control (up to 20 mins one way); Significant crew independence from ground support. 
 
• DRM Specific Evidence/Level of Evidence: 3-Weak  

 
 
10. Overall Assessment of the Evidence 

 Updated evidence from flight studies and ground studies conducted in conditions analogous to spaceflight 
strengthen the evidence base for LEO and lunar DRMs 
• Changes in cognitive performance are associated with spaceflight hazards and stressors: sleep restriction, 

sustained and acute altered gravity, nutrition.  
• Crewmembers experienced elevations in self-reported mood and affect. 
• Operational impacts of observed changes in behavioral health outcomes are unknown. 

2x5 Requires Mitigation 



23 
 

• Likelihood estimates have a high degree of uncertainty. 

 No evidence exists of increased neurodegenerative disease in the limited datasets available for LEO DRMs 
• Remains unknown for lunar and Mars DRM 

 New characterization gaps for risk drivers 
• Expected lunar communication delays that lead to a  LxC and color change for lunar orbital short duration 
• High tempo EVAs 
• Pain 

 Impact of radiation exposure is unknown 
• Animal studies indicate that radiation exposure equivalent to Lunar DRMs effect cognition.  
• Elucidation on how animal studies may be used to inform human risk is required. 

 
 
11.  State of Knowledge 
 
11.1 State of Knowledge – New Evidence (Rev D) 
 
11.1.1 Spaceflight Evidence 
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DAG – Sleep impacts behavioral health 

 
 
 
 
 

Inflight occurrences of subclinical signs and symptoms of depression and anxiety 
 

 
STS: Space Transportation System 
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DAG – Selection to psychological status 
 

 
 
 
 

 
 

Images © 2023 The authors. Open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).  

 
 

http://creativecommons.org/licenses/by/4.0/
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DAG – Central nervous system changes may impact cognitive functions 

 
 
 
 

 
ROBoT-R Robotic On-Board Trainer for Research is used for astronaut training on the Canadarm2 track-and-capture activities. 
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DAG ‒ Complex pathways can lead to performance impacts 

 
 
 
11.1.2 Behavioral Changes: Evidence from Studies in Analogs of Spaceflight 
 

 
   
 
 
 

BHP Behavioral Health and Performance 
HERA Human Exploration Research Analog 
HFBP - EM Human Factors and Behavioral Performance – Exploration Measures 

SIRIUS Scientific International Research In a Unique terrestrial Station. This  
refers to a series of spaceflight simulation missions conducted in 
Russia 
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DAG ‒ Exposure to spaceflight hazards and other human systems risks could lead to changes in 
psychological status 

 

 
 

DAG ‒ Potential impacts of adverse psychological changes 

 



30 
 

 

 
See Figures 1-3 in Alfano et al., 2021 and Figure 4 in Kim et al., 2023 

 
Winter-Over Expeditions to the Antarctic provide an analog of the isolation and confinement in a hostile environment and enable studies of the potential effect of these 
feature of long duration spaceflight missions. 

 
 
 
DAG ‒ Selection may influence effects of isolation and confinement on psychological status 

 

https://www.sciencedirect.com/science/article/pii/S009457652100062X?ref=pdf_download&fr=RR-2&rr=9667c3d03cecf819
https://www.sciencedirect.com/science/article/pii/S0094576522006026?via%3Dihub
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11.1 
 
3. Cognitive Changes, Analog Evidence 
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DAG – Other human systems risks may impact the central nervous system and cognitive 
functions 

 
 
 

DAG – Potential impacts of adverse cognitive changes 
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Design Reference Missions (DRMs) 

 
 
11.1.4 Behavioral and Cognitive Conditions: Animal Studies 
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Britten et al, 2021             Britten et al., 2022  

 
 

DAG ‒ Combined impacts of radiation and other spaceflight stressors on psychological status 
and cognition 

 

 
 

https://doi.org/10.1080/09553002.2019.1694190
https://doi.org/10.1667/RADE-21-00068.1
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11.1.5 . Long-term health outcomes: epidemiology data 
 

 
© 2023 The authors. Creative Commons Attribution-Noncommercial-No 
Derivatives 4.0 International License 

ERR: excess relative risk; LET; Linear energy transfer 
 
11.1.6  Gaps in Knowledge: Lunar Communication Delays 

  
 
 

BHlth Behavioral health 
Comm Communication 
Hi-SEAS Hawaii Space Exploration Analog and Simulation 

Mars 500 The MARS-500 was a psychosocial isolation experiment conducted 
between 2007 and 2011 by Russia, the European Space Agency, and 
China  

http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
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11.1.7 Gaps in Knowledge: Exploration EVA 
 

 
 
POLS: Performance optimal limits 

 
 

 
BLUF – Bottom line up front 
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DAG ‒ Potential Effects of EVAs on psychological status and cognitive function 

 
 
 
11.1.8  Gaps in Knowledge: Pain 
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11.2 State of Knowledge – Existing Evidence Base (Rev C)  
11.2.1 Behavioral Conditions, Spaceflight 
 

 Behavioral Conditions: Spaceflight (Existing Evidence Base) 
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State of Knowledge – Behavioral Conditions: Spaceflight 
 

Comments from crewmembers on ISS missions 

 
 
 
11.2.2 Behavioral Conditions: Analogs of Spaceflight 
 

 

© 2014 The authors. Open-access article distributed under the terms of the Creative 
Commons Attribution License (CC BY) 
 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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See Fig 9 in Engler et al., 2019 

 

 
 

11.2.3 Behavioral Health: Analogs of Spaceflight 
 

 
Food system acceptability is a contributing factor.  See Fig. 5b Sirmons et al., 2020 

 
11.2.4 Cognitive Conditions: Spaceflight 

  
 
For readability, acronyms and abbreviation are used in the graphic above. For full term/ titles, see Acronyms and Abbreviations page 

https://simonengler.github.io/images/actaAstronomicaHISEAShabitatForecast.pdf
https://www.researchgate.net/profile/Pete_Roma/publication/339268435_Meal_Replacement_in_Isolated_and_Confined_Mission_Environments_Consumption_Acceptability_and_Implications_for_Physical_and_Behavioral_Health/links/61f8bfad4393577abe032882/Meal-Replacement-in-Isolated-and-Confined-Mission-Environments-Consumption-Acceptability-and-Implications-for-Physical-and-Behavioral-Health.pdf
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© 2020 The Hupfeld et al. Creative Commons Attribution-Noncommercial-No Derivatives 4.0 International License 
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11.2.5 Cognitive Conditions: Analogs of Spaceflight 

  

 
 
 
11.2.6 Cognitive Conditions: Animal Studies 
 

 

See Fig 1.C in Stahn et al., 2019 

https://www.nejm.org/doi/pdf/10.1056/NEJMc1904905
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11.2.7 Ops Incidence/Prevalences (Rev C) 
 

 
BHP Ops – Behavioral Health and Performance Operations; WinSCAT - Spaceflight Cognitive Assessment Tool for Windows 
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11.2.8 Ops Consequences 

  

 
LOM: Loss of Mission; LOMO: Loss of Mission Objective 
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11.2.9 LTH – Cognitive 
 

LTH – Cognitive, Lifetime Surveillance 
 

  
 
ALS: Amyotrophic Lateral Sclerosis; IMPALA: Information Management Platform for Data Analytics and Aggregation 
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LTH – Cognitive, Analogs 
 

 
 

 
 
 
 
11.2.10 LTH – Behavioral Health 
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12. Metrics 
 

 Current: High degree of uncertainty 
• Incidence of inflight behavioral signs and symptoms of behavioral and cognitive changes per person-

year (ISS exp 40) à current likelihood ratings (LSAH DR #10912) 
• Incidence of subclinical behavioral health mood issue per astronaut-mission (ISS exp 68) à support 

current likelihood ratings (LSAH DR #27041)  new 
• Incidence of off-nominal WinSCAT sessions – statistical deviation from baseline  updated 
• Incidence of behavioral health condition (depression) or psychiatric emergency in analogs  new 

 
 Proposals for better resolution: Leverage both flight and analog settings 

• Updated operational estimates that includes comprehensive sub-clinical symptoms of both 
psychological and cognitive outcomes 

• Frequency of intervention for BHP 
• Incidence of exceeding thresholds for operational performance (requires thresholds) 
• Additional cognitive risk monitoring capabilities to operations 
• Characterize and monitor relevant operational outcomes or consequences 

 
 
 
 
 

Operational Prevalence: Spaceflight 

 
* Minimum estimates from retrospective medical records review (does not include BHP Ops records) 
5/13/2022 
** Off-nominal does not imply an operational performance decrement; does not account for contributors to an off-nominal test session (e.g., interruption, sleep, stress, 
effort, etc.) 
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LTH Prevalence: Spaceflight 

 
* For confidentiality, exact cases not specified if <5; age range is categorical (not exact) 
** Records search was restricted by age for each outcome to approximate population estimate methodologies 
 
Source: IMPALA Neurological Disorders dashboard, updated August 17, 2022. Records queried included astronauts and payload specialists. 
 
 
 
 
 

Operational Prevalence: Analogs of Spaceflight 

 
ˆNo clinical elevations on Beck Depression Inventory scale 
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13. Risk Mitigation Framework – Color Changes 
 

 How do we know when we go from red → yellow? 
• Key indicators and thresholds for both early and diagnostic detection 
• Hybrid-autonomous capabilities for inflight monitoring, 

prevention, and treatment CM suite: 
 Integrated across risks and hazards; considers mission 

parameters 
 Provides high level actionable feedback to crew and decision-

making support  
 Evidenced-based prevention and intervention CMs that can be 

feasibly implemented in-mission 
 Does not rely on re-supply or real time communication with 

ground 
• LTH likelihood of neurodegenerative disease risk is characterized 

sufficiently low  
 

 How do we know when we go from yellow → green? 

• Unlikely to achieve green given resource constraints and trade-offs. However, 
further reduction of risk in yellow DRMs include: 

– Key indicators and thresholds for early detection, including unobtrusive tools 

– Flight validated feasible and acceptable (to crew) CMs that do not require 
resupply and synchronous communication/ample bandwidth 
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14. Risk → Standards → Requirements Flow 
 

 
 

CCP – Commercial Crew Program; EHP - Extravehicular Activity and Human Surface Mobility Program; LEA – Launch, Entry and Abort; MPCV – Multipurpose Crew Vehicle 
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15. High Value Risk Mitigation Targets 
 Characterize risk of sub-clinical behavioral and cognitive changes during spaceflight [HSRB/LSAH]  
 
 Characterize how Key indicators and thresholds correlate with meaningful change (HRP Human 

Factors and Behavioral Performance [HFBP] Element)  
• Collaborate across programs to establish onboard capabilities for in-mission monitoring  

 
 Characterize long-term health outcomes (HRP HFBP Element; TREAT act [To Research, Evaluate, 

Assess, and Treat (TREAT) Astronauts Act])  
 
 Develop and validate inflight capability to support early risk detection and CM deployment that does 

not rely on re-supply or real time communication with ground [HRP HFBP Element and Strategic 
Capability Leadership Team and the Exploration Medical Integrated Product Team] 

 
 Establish scaling factors that translate animal outcomes to human outcomes to better characterize 

risk associated with radiation hazard [HRP HFBP and Radiation Elements]  

 
 
 
 
16. Conclusions 

 Evidence base continues to strengthen  
• Changes in cognitive and behavioral outcomes in response to spaceflight stressors 
• Unknown operational outcomes  

 Knowledge gaps 
• Lunar communication delays LxC and color change to lunar orbital short duration 
• Exploration EVAs 
• Radiation  
• Pain 

 LEO CMs appear effective but do not easily translate beyond LEO 
 Likelihood estimates have high uncertainty 

• Weak characterization for LTH for lunar and mars DRMs 
  The behavioral medicine risk is complex and influenced by several other risks 

• Emphasis on interacting stressors/hazards  
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18. Acronyms and Abbreviations 
ALS Amyotrophic Lateral Sclerosis 

AM Abstract Matching Test 

BART Balloon Analog Risk Test 

BHP Behavioral Health and Performance 

CI Confidence Interval 

CM Countermeasure 

CNS Central Nervous System 

CO2 Carbon Dioxide 

DAG Directed Acyclic Graph 

DRM Design Reference Mission 

DSST Digit Symbol Substitution Test 

ERR Excess Relative Risk 

ERT Emotion Recognition Test 

EVA Extravehicular Activity 

F2B Fractal Two-Back Test 

G Gravity 

HERA Human Exploration Research Analog 

HFBP Human Factors and Behavioral Performance 

HFBP-EM Human Factors and Behavioral Performance-Exploration Measures 

HI-SEAS The Hawai‘i Space Exploration Analog and Simulation 

ICE Isolated Confined & Extreme 

IMPALA Information Management Platform for Data Analytics and Aggregation 

ISS International Space Station 

LDSE Long-Duration Space Exploration 

LEO Low Earth Orbit 

LET Linear Energy Transfer 
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LOM Loss of Mission 

LOMO Loss of Mission objectives 

LOT Line Orientation Test 

LSAH Long-Term Surveillance of Astronaut Health 

LTH Long-Term Health 

LxC Likelihood X Consequence 

mGy microGray 

MRT Matrix Reasoning Test 

NEEMO NASA Extreme Environment Mission Operations 

NEK Nazemnyy Eksperimental'nyy Kompleks:  a Russian facility located at the Institute 
of Biomedical Problems of the Russian Academy of Sciences in Moscow 

PFC Private Family Conferences 

POLs Performance optimal limit 

PPC Private Psychological Conferences 

PVT Psychomotor Vigilance Test 

ROBoT-R Robotics OnBoard Trainer – Research version 

SIRIUS Scientific International Research In a Unique terrestrial Station 

STS Space Transport System 

TREAT To Research, Evaluate, Assess, and Treat 

VR Virtual Reality 

VOLT Visual Object Learning Test 

WinSCAT Windows Spaceflight Cognitive Assessment Tool 
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