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Figure 1 Temporal physiological responses in different systems during spaceflight and cardiovascular responses to microgravity during and after
spaceflight in human. A: The temporal physiological responses to microgravity in different body systems (from http://asgsb.org/slidesets/slidesets.

html); B: cardiovascular adaptive changes at different time points during and after spaceflight in comparison with pre-flight measurements taken in a
seated posture (data from Refs. [7,12,15,16,52]).
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Figure 2 Cardiac atrophy and declined systolic and diastolic function induced by 4-week simulated microgravity in rats. Hindlimb unloading for 4
weeks led to decreased left ventricular mass (LVM), reduced absolute value of global longitudinal strain (GLS) (systolic function) and mitral Doppler
flow E/A (diastolic function), and increased mechanical dispersion (myocardial dyssynchrony) (unpublished data). MD, mechanical dispersion
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Figure 3 Schematic of calcium signaling mechanism underlying the effects of simulated microgravity on myocardial remodeling. Alterations of
gravity induce dynamic changes in spontaneous calcium oscillations and intracellular calcium signaling. The increase in [Ca2+]i activates CaMKII/
HDACH4 signaling pathway and induces expression of remodeling genes and myocardial remodeling (adapted from Ref. [33])
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Figure 4 Mechanisms of post-flight orthostatic intolerance and countermeasures. Exercise training and Penguin suit are daily in-flight
countermeasures; fluid and salt loading and anti-G garment are used at the end of the flight before landing; lower body negative pressure,
pharmacological agents, nutrition supplement and artificial gravity are supplementary countermeasures still under research and development
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Figure 5 Impact of comprehensive space environment on cardiovascular system. Microgravity, ionizing radiation, isolated environment, circadian
desynchrony, stress, gut microbiome shifts and other spaceflight hazards impact cardiovascular health, leading to cardiovascular structural and

functional adaptive changes or impairments
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Cardiovascular protection in long-term spaceflight: current under-

standing and challenges
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China’s space station Tiangong is expected to be completed and will operate in the low-Earth orbit in the near future. During the long-
duration flight in space, microgravity is one of the major hazards that affect crew members’ long-term cardiovascular health and task
performance. The profound effects of microgravity on cardiovascular adaptation during long-term spaceflight and the underlying
mechanisms have not been fully understood, which hampers the development of effective cardiovascular protective countermeasures.
Here, we review and discuss the current research advances concerning long-term microgravity-induced cardiovascular responses,
adaptations and possible underlying mechanisms. We further highlight and discuss the perspectives and challenges in developing
more efficient cardiovascular protective countermeasures for long-term spaceflight.
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