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Dear Editors,
Today’s astronauts are highly selected and physically fit
professionals with an average age ranging from 40 to 50
years [5]. Age at the time of astronaut selection has gradually increased over the years [5], and future commercial
space tourism will expose older persons with comorbidities
to space conditions. Weightlessness elicits an acute cephalad fluid shift; more chronically, cardiac atrophy and altered
autonomic cardiovascular control [3] limit the ability of the
cardiovascular system to cope with hemodynamic challenges
after the astronaut’s return from space. With increasing age,
the capacities of autonomic cardiovascular adjustments deteriorate [1], possibly resulting in changes in the tolerance
to gravitational stress [10] and in physical performance.
Increasing age of professional and recreational astronauts
could conceivably affect the cardiovascular autonomic
response to weightlessness. With the exception of a case
report on orthostatic responses in a 77-year-old astronaut
[9], studies on cardiovascular aging in astronauts are scarce.
We had the unique opportunity to assess the cardiovascular
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responses of an older male astronaut during parabolic flights
producing short-term weightlessness. We subsequently compared these responses to measurements obtained for this
same astronaut 20 years earlier in space.
In 1993, the male astronaut under study had spent almost
10 days in space as crew member of the second German
Spacelab mission D2 aboard STS-55 Space Shuttle Columbia. Twenty years later, at age 62 years, he participated in a
parabolic flight campaign. In the intervening years, he had
remained physically active and had passed the yearly US
National Aeronautics and Space Administration (NASA)
medical tests for astronauts. NASA provided D2 mission
data, and the analysis was approved by the NASA Institutional Review Board (Protocol number Pro1372). The parabolic flight study was approved by the ethical committee of
University Witten/Herdecke. The astronaut provided written
informed consent including consent for this publication.
During D2, haemodynamic and cardiovascular autonomic
testing were conducted on the astronaut in the supine position 270 days before launch, after 4 days in space, and within
the first week after his return to Earth. Testing included cardiac output measurements by the acetylene gas rebreathing
method. During the parabolic flights, we measured cardiac
output under the 1 G and weightlessness conditions using
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the inert gas rebreathing method (INNOCOR®; Innovision
ApS, Glamsbjerg, Denmark). We evaluated 57 parabolic
flight inert gas rebreathing data sets and an identical number
of simultaneously collected electrocardiography data sets
and finger blood pressure tracings. We obtained measurements supine at 1 G and during supine and upright transitions from 1.8 G to weightlessness. The astronaut received
100 µg scopolamine-hydrobromide subcutaneously 30 min
before the parabolic flights to prevent motion sickness.
At the time of the D2 mission, cardiac mass was assessed
by magnetic resonance imaging before and after spaceflight
[7]. At the time of the parabolic flight campaign, we assessed
cardiac structure and function through dynamic cardiovascular magnetic resonance imaging.
At the time of the shuttle mission, the astronauts’s body
mass index (BMI) was 25 kg/m2 [8]; 20 years later, it has
increased to 29 kg/m2. Blood pressure and heart rate evolutions at rest and during physical exercise over the years are
shown in Fig. 1. Peak oxygen consumption progressively
declined over time. Left ventricular mass was 181 g before
and 166 g after the shuttle mission and had decreased to
123 g 20 years later (Electronic Supplementary Material
Fig. 1  Longitudinal anthropometric and cardiovascular
data of exercise stress testing
performed on a yearly basis
for the astronaut flight medical
examination. a Body mass index
(BMI), b heart rate during rest
in sitting position (grey graph)
and at peak exercise capacity
(black graph), c, d systolic (c)
and diastolic (d) arterial pressures during rest in sitting position (grey graph) and at peak
exercise capacity (black graph),
e peak oxygen consumption
(VO2 peak)
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[ESM] Table S1). Heart rate varied in the time and frequency domain while supine or during orthostatic stress
and changed only modestly with age. Supine low-frequency
oscillations of systolic blood pressure were 2 mmHg2 during the shuttle mission and 9 mmHg2 20 years later (ESM
Table S2).
Supine cardiac output was 8.0 L·min−1 before the shuttle launch and 7.0 L·min−1 on flight day 4, and it remained
reduced 7 days after the return to Earth. Total peripheral
resistance was 822 dyn·s·cm−5 while supine at 1 G and
1056 dyn·s·cm−5 in weightlessness (ESM Table S3). Cardiac power output, which is derived from cardiac output and
mean arterial pressure, was 1.45 W before and 1.45 W during spaceflight; 20 years later, supine cardiac output at 1 G
was 3.5 ± 0.3 L·min−1 and increased moderately with the
transition from 1.8 G to weightlessness to 4.0 ± 0.5 L·min−1
(p = 0.010). Total peripheral resistance was substantially
increased while supine at 1 G and in weightlessness. During
the parabolic flight campaign, supine cardiac power output at
1 G was 0.46 ± 0.07 W and increased to 0.67 ± 0.09 W with
the transition from 1.8 G to weightlessness (p < 0.001) (ESM
Fig. S1). With standing transitions into weightlessness,
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cardiac output increased from 3.2 ± 0.4 to 6.0 ± 0.6 L·min−1,
total peripheral resistance decreased from 1959 ± 343 to
1034 ± 167 dyn·s·cm−5 and cardiac power output almost
doubled (ESM Table S4).
Our findings suggest that aging-associated changes in
cardiovascular control mechanisms and in cardiac structure
may alter the haemodynamic response to weightlessness.
The astronaut under study recapitulated typical aging-associated changes, including increases in pulse pressure, systemic
vascular resistance, and blood pressure variability in the
low-frequency range, all of which result from sympathetic
modulation of vascular tone. Cross-sectional studies applying more direct measurements also showed increased sympathetic support of vascular tone with age [4]. Conversely,
cardiac output, cardiac power output, heart rate variability,
and baroreflex sensitivity, while still in the physiological
range, markedly decreased. Cardiac output tends to decrease
after the third decade of life [2]. The combination of intrinsic cardiovascular aging and indirect cardiovascular effects
of changes in physical activity and increased adiposity could
be causative. Aging-associated changes in cardiovascular
structure and autonomic control may have contributed to the
profound shifts in cardiac output and power output towards
lower levels and total peripheral resistance towards higher
levels, both supine at 1 G and during weightlessness.
Our report has important limitations. Observations on a
single astronaut cannot be generalized. Furthermore, measurments from real space missions and parabolic flights are
difficult to compare; for example, plasma volume tends
to decrease over time in space. Low-dose scopolamine
application, which has a limited effect on the cardiovascular response to parabolic flights [6], is another limitation.
Despite these issues, our findings may have practical implications for an aging professional astronaut population and
commercial space tourism, which will not be restricted to
highly selected persons. Our preliminary observations, particularly the reduction in cardiac performance, provide an
impetus for systematic studies on influences of aging on
the cardiovascular response to weightlessness. Preservation of the cardiovascular capacity of aging astronauts is
key to enabling human space exploration and future private
astronautics.
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