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Performance Goal No.:  

Performance Goal Text:  

Task Description:

Bone loss is estimated to occur at a rate of 1% per month in space (microgravity), particularly in weight-bearing bones in
the legs and spine. This rate of loss is equivalent to what we might lose in a year with advancing age on Earth. It remains
unknown what this loss signifies for future fracture risk in crewmembers. While unloading of the skeleton in the
weightless environment of space is considered the key factor contributing to bone loss, there are likely other factors that
also play a role. Current prevention strategies have not been effective at preventing this bone loss. Improved
understanding on the risk for fracture following long-duration space flight, as well as the factors contributing to bone
loss in microgravity, and its recovery, are needed in order to develop better prevention strategies for the benefit of crew
health, both during and after long-duration space exploration, and mission success. 
The proposed research will take advantage of an established population-based cohort, which includes men and women
of an age range similar to crewmembers in the U.S. space program, who have had bone density measured over time. We
will make comparisons between bone densities of crewmembers and the population-based data and use fracture
prediction models derived from the cohort to make estimations on fracture risk among crewmembers. We will also
explore the data already gathered to date during the U.S. human space program in order to summarize the current state
of evidence available on additional risk factors related to bone loss and recovery in microgravity. The ultimate goal of
this research proposal is to provide evidence-based information which may assist in guiding the direction of further
research required to better understand the risk of bone loss and fracture among crewmembers and the strategies that
could be developed to prevent it from occurring. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

This work will help establish the occupational risk of short and long-duration microgravity exposure on longterm bone
health consequences among U.S. crewmembers. It will also serve to provide a comprehensive summary of the current
evidence available on risk factors related to bone loss and recovery among U.S. crewmembers following long-duration
space flight. 
  

Task Progress:

[Ed. note: compiled in July 2019 from PI report submitted to JSC Human Research Program in 2015 covering period
through July 2015. Note also that some publications after July 2015 have been added to Bibliography section in case no
further report received.] 
SPECIFIC AIMS: 

AIM 1: To investigate the risk of microgravity exposure on long-term changes in bone health and fracture risk. 

AIM 2: To provide a summary of the current evidence available on potential risk factors for bone loss, recovery and
fracture following long-duration space exploration. 

Overview of Findings Related to AIM 2 (Ed. note 7/1/19: see FY2013 report for AIM 1 findings): To provide a
summary of the current evidence available on potential risk factors for bone loss, recovery and fracture following
long-duration space exploration. 

Data assembly at NASA-Johnson Space Center (JSC) on risk factors known to be related to bone loss and fracture risk
was completed in early 2012. We have now performed analyses on these available data to help better understand the
variability in hip bone mineral density (BMD) loss and recovery, post-flight. Risk factor data include, but are not limited
to, medication use, bone turnover markers, and surrogates of exercise status in-flight, such as changes in strength
measures, and lean muscle mass. Data assembly and data cleaning were completed. We noted that there were limited
data on risk factors available beyond the initial return post long-duration flights, so analyses are restricted to the
immediate post-flight period. 

Following review of all the different measures available for analyses, we identified several different risk factors which
may help identify those at greatest risk for bone loss during long-duration missions. These included pre-flight measures
of elevated bone resorption, as well as surrogate markers of better muscle strength and greater aerobic capacity
pre-flight. Our results suggest that individuals with high bone resorption markers preflight may benefit most from
anti-resorptive therapy before a long-duration mission. Our findings also suggest that those who are the most physically
fit preflight may have bones that have adapted to greater than average loading stimuli and therefore may be more
susceptible to enhanced bone resorption once unloaded in microgravity, reinforcing the importance of maintaining
adequate physical conditioning during long-duration spaceflight. Of note, our results are from data largely prior to US
crewmembers having access to the advanced resistive exercise device (ARED), which may have helped overcome this
important risk factor. Manuscripts are in preparation summarizing our findings for peer-reviewed publication. 

Abstracts relating to preliminary analyses from this work have been presented at the annual meetings of the American
Society of Bone and Mineral Research, American College of Rheumatology, International Academy of Astronautics
Humans in Space Symposium, Aerospace Medical Association. 
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