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Spaceflight and Human Physiology
• Spaceflight is an extreme environment and causes many negative health adaptations
to the human body
• Some of these changes such as the loss of muscle and bone mass, can be the
equivalent of ageing over 40 years in around a year-long spaceflight
• These adaptations in spaceflight are the greatest obstacle to deep space exploration
such as Mars
• We have not overcome these challenges in almost 60 years of spaceflight research

Loss of bone mass and quality
• Loss of bone mass in space = spaceflight osteopenia
• On average, astronauts lose ~ 1.6 % of their outer bone
(cortical) mass and ~ 2.3 % of their inner bone (trabecular)
mass per month in space, despite completing exercise
countermeasures
• Loss of bone mass is only partially recovered within a year
of returning to Earth
On a Mars mission, the loss of trabecular bone in the
upper thigh, lower spine and pelvis might never be
recovered
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Summary of Spaceflight and Human Physiology

Loss of muscle mass and quality
• Muscle mass and bone mass are lost at a rapid rate in space. Also, the loss of
muscle strength is greater than the loss of muscle mass

-40%
• Loss of muscle strength is associated
with poor health outcomes

Longitudinal studies
• Overall mortality is greater for astronauts than comparable control populations (3)
• From 1959 to 2003 the incidence of death in astronauts is 9.2% whereas in a control
population it is only 1.9% (3)
• There is a 59% greater incidence of cancer in astronauts compared to controls from
1959 to 2003 (3)
• No greater incidence of thyroid disease as a result of consuming large volumes of
water containing iodine (3)
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Fluid shift
• In the absence of gravity there is a shift of body fluids towards the head creating the
swollen face appearance below
• This is most pronounced in the first few days of spaceflight, after which fluid
balance begins to stabilise (2)
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Exercise countermeasures
• Astronauts exercise daily to prevent harmful changes in the cardiovascular system,
and to prevent loss of muscle and bone mass
• These exercise countermeasure include endurance exercise such as cycling and
treadmill running with a harness. They also include weight training on the Advanced
Resistance Exercise Device (aRED)
• These countermeasures are not effective and astronauts return from 6 month missions
to the ISS with loss of physical function

Where to find out more

Radiation and Cataracts
• During spaceflight, astronauts are exposed to radiation
• Astronauts have an increased risk of cataracts when they receive a radiation dose
over 8mSv (3)
• Potential of DNA damage as a result of primary and secondary radiation
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