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BACKGROUND
 It is well recognized that bone mineral density 
[BMD] at load-bearing sites of the hip and spine 
sustain significant loss during space flight, 
estimated at ~0.5-1.0% per month. (LeBlanc J 
Musc Neur Int 2007)

METHODS
Prediction Models for BMD

 Prediction models were created using 348 men [mean age ±
SD: 55 ± 20 yrs, range: 22-90 yrs] who represented an age-
stratified random sample of the Rochester, MN community, 
and ho ha e had longit dinal BMD meas rements o er 4 rs
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 However, the long-term effects on bone health 
following return from long-duration space flight 
remain unclear. 
 Using prediction models for BMD created from 
community adults (which included the age range of 
US astronauts), we have previously shown that at 
~12 months following return from a long-duration 
mission in space, men, but not women, had lower 
BMD at most sites than would be predicted had

and who have had longitudinal BMD measurements over 4 yrs 
of follow-up.

BMD Measurements in US Crew members

 BMD (g/cm2) was measured in US crew members pre-flight, 
immediately post-flight and ~36 months post-flight

 BMD from US crew members were measured using DXA 
(Hologic QDR 2000, QDR 45000 and Discovery scanners), 
with at least half having pre- and post-flight measurements on 
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they not been exposed to microgravity. (Amin
[abstract] 2010)
 It is unknown whether BMD for men recovers 
beyond 1 year following return from space to what 
would be predicted or if deficits persist.

the same machine.

 BMD measures at the total hip, lumbar spine, wrist (ultra-
distal and mid-shaft radius) and total body were used in 
analyses.

BMD Measurements in Community-Based Cohort

 BMD was measured in the community-based cohort of men 
at baseline, 2 yrs and 4 yrs of follow-up using the QDR 2000 
scanner and at the same sites listed for US crew members
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OBJECTIVE
 Using our previously created prediction models, 
we compared the observed BMD of male US crew 
following 3 years since returning from long-
duration space flight with what would be predicted 
if they had not been exposed to microgravity.

SUMMARY OF RESULTS
 Among the 15 male US crew who have had 
BMD measured at least ~3 yrs after landing, 
only BMD at the hip continues to be lower 
than would be predicted

CONCLUSIONS
 By ~3 yrs after landing, BMD at most sites 
in male US crew became closer to what 
would be predicted, derived from a 
community-based cohort of men

scanner and at the same sites listed for US crew members.

Analyses

 We created prediction models for follow-up BMD using the 
community cohort of men.

 We used linear mixed-effects models to predict follow-up 
BMD using baseline BMD, age and follow-up time, adjusting 
for the fact that most people were measured more than once. 

 We then applied the created models to predict follow-up 
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than would be predicted. community-based cohort of men.
 However, hip BMD, the site most affected 
by exposure to microgravity, remained lower 
than what would be predicted, even after ~3 
yrs following return from space.  
 Findings suggest a potential long-term 
negative impact of long-duration space flight 
on load-bearing bones of men.
 Implications of these findings on future hip 

pp p p
BMD for US crew members and compared them to what was 
actually observed immediately and at ~36 months post-flight

METHODS
Study Subjects
 Male US crew members serving on long-duration 
missions in space aboard Mir or ISS who had BMD 
measurements beyond ~12 months since their 
return. 

Of 36 US h h d Mi ISS

RESULTS
 Median flight duration was 179 days (range 115-215 days) 
for the 15 male US crew.

LIMITATIONS
 BMD is a surrogate measure of bone 
strength; differences in predicted and 
observed BMD may still underestimate 
deficits in bone strength, given recent 
findings based on finite-element models of  
QCT hip scans from US crew (Lang JBMR p g p

fracture risk for men serving on long-duration 
missions in space remain unknown.

 Of 36 US crew who have served on Mir or ISS, 
and have had pre- and at least one post-flight BMD 
measured as of December 2010, 28 are men.
 15/28 men [mean age ± SD at pre-flight BMD: 47 ±
5 yrs, range: 36-54 yrs] have had their BMD 
measured up to ~3 yrs after landing.

 The immediate post-flight BMD was measured a median of 
19 days (range: 3-33 days) after their landing.

 BMD was also measured a median of 36 months after 
landing (range 33-41 months), and none of the 15 male US 
crew had had a second long-duration mission in space in the 
interim.

2004 & 2006; Keyak Bone 2009).
 There were too few women with BMD 
measures ~3 yrs after landing to be able to 
confirm that there remained no long-term 
negative effects on bone.
 Analyses are limited to those men who 
returned for BMD measures.
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