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Abstract 

This review examines the potential therapeutic approaches to mitigate the health hazards faced by 

astronauts during extended exposure to microgravity. Prolonged spaceflight leads to a range of 

physiological challenges, including musculoskeletal atrophy, cardiovascular deconditioning, 

neurovestibular disturbances, immune dysregulation, and visual impairment. The review explores 

various strategies to counteract these effects, including pharmacological interventions, nutritional 

support, physical exercise regimens, and emerging biotechnologies such as artificial gravity and 

neuromuscular electrical stimulation. Additionally, psychological stress and sleep disorders, which are 

exacerbated by the isolating and confined environment of space, are also addressed through behavioral 

health support and sleep management techniques. By evaluating the efficacy of these therapeutic 

measures, the review highlights the importance of integrated, multi-faceted approaches to enhance 

astronaut health, performance, and safety during long-duration missions, ultimately ensuring mission 

success and safe return to Earth. 

 
Keywords: Space, astronauts, therapeutic approaches, neuromuscular electrical stimulation, 

neurovestibular disturbances, nutritional support 

 

1. Introduction 

Astronauts face a distinct set of physiological difficulties when exploring space, especially 

when exposed to microgravity conditions for extended periods of time (West, 2000) [62]. 

Numerous health risks, including as musculoskeletal deterioration, cardiovascular 

deconditioning, fluid redistribution, neurovestibular disorders, and immune system 

malfunction, arise when gravity forces are absent (Bottomley and Lewis, 2024) [7]. These 

modifications may have a negative effect on the health and performance of astronauts while 

on missions and present hazards when they return to Earth's gravity (January, 2008) [27]. 

Effective treatment approaches are becoming more and more important as space 

organisations prepare for lengthier missions to the Moon and Mars (Nair et al., 2008) [43]. The 

purpose of this review is to investigate and assess potential therapeutic strategies that can 

lessen the negative health effects of microgravity on humans, improving mission safety and 

success (Dobney et al., 2023) [14]. These strategies range from physical countermeasures and 

emerging biotechnologies to pharmacological interventions and nutritional support. 

 

2. Health Hazards Associated with Microgravity 

During space missions, astronauts face a distinct set of physiological problems brought on by 

microgravity, which have a substantial impact on several body systems (Blaber et al., 2010) 
[5]. Long-term exposure causes cardiovascular deconditioning, fluid redistribution, muscular 

atrophy, bone demineralisation, and weakened immunological responses (Carrothers, 2024) 
[8]. Additionally, crew members frequently experience psychological stress, visual 

impairment, and neurovestibular dysfunction. In addition to endangering astronaut health, 

these health risks significantly reduce mission efficacy and duration (Mohammad, 2024) [40]. 

To preserve physiological homeostasis, improve recovery, and guarantee astronauts' long-

term health and performance during and after spaceflight, it is essential to comprehend these 

negative impacts in order to create complete therapeutic techniques (Winkler, 2023) [63]. 
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2.1 Musculoskeletal Atrophy 

One of the biggest physiological problems astronauts have 

during prolonged microgravity exposure is musculoskeletal 

atrophy, which is defined by the loss of skeletal muscle 

mass and bone mineral density, especially in the spine and 

lower limbs (Bonanni et al., 2023) [6]. The lack of gravity 

loading significantly reduces the mechanical stimuli 

necessary to preserve musculoskeletal health, which in turn 

lowers muscle protein synthesis and osteoblast activity 

(Kohrt et al., 2009) [30]. Pharmaceutical interventions such as 

bisphosphonates and selective androgen receptor modulators 

(SARMs), nutritional supplements with sufficient protein, 

vitamin D, and calcium, and resistive exercise regimens 

utilising cutting-edge equipment like the Advanced 

Resistive Exercise Device (ARED) are some therapeutic 

strategies to counteract these effects (Xie et al., 2022) [64]. 

Recent studies also investigate the possibilities of electrical 

muscle stimulation and short-radius centrifugation as 

adjuvant therapies to create artificial gravity (Frett, 2023) 
[18]. The best method for preventing musculoskeletal 

degradation in space conditions is still an integrated 

approach that include medication, food, and exercise (Lewis 

et al., 2019) [35]. 

 

2.2 Cardiovascular Deconditioning 

For astronauts who spend extended periods of time in 

microgravity, cardiovascular deconditioning—which 

manifests as decreased cardiac output, decreased plasma 

volume, orthostatic intolerance, and altered baroreflex 

sensitivity—is a major health risk (Aubert et al., 2005) [3]. 

Blood and other body fluids migrate towards the upper body 

when gravity is absent, which lowers central venous 

pressure and causes changes in cardiovascular homeostasis 

(Furst and Furst, 2020) [20]. The use of lower body negative 

pressure (LBNP) devices to mimic gravitational stress, 

structured aerobic and resistive exercise programmes, and 

pharmaceutical therapies including volume expanders and 

vasoconstrictors are some of the therapeutic strategies used 

to combat this problem (Goswami et al., 2019) [21]. 

Furthermore, short-radius centrifugation is being 

investigated as a possible countermeasure to preserve 

cardiovascular function by creating artificial gravity (Frett et 

al., 2014) [19]. To maintain astronaut health throughout 

extended space flights and guarantee a safe return to Earth's 

gravity, these tactics—either separately or in combination—

are crucial. 

 

2.3 Neurovestibular Disturbances 

One of the most noticeable and immediate impacts 

astronauts encounter when exposed to microgravity is 

neurovestibular disruptions, which frequently show up as 

space motion sickness, disorientation, and poor balance and 

coordination (Kourtidou-Papadeli, 2022) [31]. The changed 

input to the inner ear's vestibular system, which depends on 

gravity to deliver indications about spatial direction, causes 

these disruptions (Jamon, 2014) [26]. There is sensory 

conflict between visual, proprioceptive, and vestibular 

inputs in microgravity because the otolith organs, which 

typically sense linear acceleration and head position relative 

to gravity, do not work as they do on Earth (Hilbig et al., 

2017) [24]. Preflight adaptation training with motion 

simulators and virtual reality, pharmacological treatments 

like scopolamine and promethazine to control symptoms, 

and post-flight rehabilitation to aid in readjusting to Earth's 

gravity are some of the therapeutic approaches being studied 

(Reschke, 2016) [50]. In order to preserve motor control and 

spatial orientation during extended space missions, 

emerging strategies also emphasise vestibular stimulation 

technology and neurosensory retraining. 

 

2.4 Immune Dysregulation 

A major worry for astronauts on space missions is 

immunological dysregulation, especially in microgravity 

settings where the immune system is both suppressed and 

activated abnormally (Crucian et al., 2018) [11]. According to 

studies, extended exposure to microgravity increases 

vulnerability to infections and inflammatory reactions by 

changing the distribution of leukocytes, impairing the 

activity of natural killer cells, and reactivating dormant 

viruses (Mann et al., 2019) [38]. Other spaceflight-related 

stresses like radiation, irregular circadian cycles, and 

psychological stress may exacerbate this dysregulation 

(Afshinnekoo et al., 2020) [1]. The use of 

immunomodulatory drugs, customised diets high in 

antioxidants and omega-3 fatty acids, probiotics to promote 

gut-immune interaction, and pre-mission immunisation 

programmes are among therapeutic options to lessen 

immunological dysfunction in space (Napiórkowska-Baran 

et al., 2025) [44]. Furthermore, to protect astronauts' health 

during prolonged space travel, research is still needed to 

monitor biomarkers of immune function and create 

countermeasures like artificial gravity or pharmaceutical 

therapies. 

 

2.5 Visual Impairment Intracranial Pressure (VIIP) 

Syndrome 

Impairment of Vision A major health risk for astronauts on 

extended space flights is Intracranial Pressure (VIIP) 

Syndrome, which is now more often known as Spaceflight-

Associated Neuro-ocular Syndrome (SANS) (Lee et al., 

2020) [34]. The syndrome is characterized by structural 

changes in the eye, such as optic disc edema, globe 

flattening, choroidal folds, and a hyperopic shift in vision, 

which are believed to result from fluid redistribution and 

elevated intracranial pressure in microgravity (Scheie and 

Grayson, 1971) [54]. Potential treatment strategies being 

researched include the creation of artificial gravity 

environments, pharmacological interventions like carbonic 

anhydrase inhibitors to decrease the production of 

cerebrospinal fluid, and lower-body negative pressure 

(LBNP) devices to reverse cephalad fluid shifts. To lessen 

VIIP symptoms and maintain eye health during prolonged 

spaceflight, customised countermeasures are also being 

investigated. These include non-invasive intracranial 

pressure monitoring and customisable visual correction 

(Otto, 2021) [47]. 

 

2.6 Psychological Stress and Sleep Disorders 
Astronauts in microgravity face serious health risks from 

psychological stress and sleep disorders as a result of 

extended confinement, isolation, disruption of their 

circadian cycle, and demanding missions (Arone et al., 

2021) [2]. These stressors have the potential to compromise 

crew safety and mission success by affecting cognitive 

function, mood stability, and decision-making (Klein, 2013) 
[29]. Reduced sleep duration and quality are common 

symptoms of sleep disruptions that are frequently observed 

in space. In addition to non-pharmacological techniques like 
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light therapy, cognitive-behavioral therapy (CBT), and 

structured regimens to strengthen circadian alignment, 

therapeutic approaches also include pharmaceutical 

interventions like melatonin and hypnotic drugs to 

encourage sleep. Additionally, using virtual reality 

relaxation settings, mindfulness exercises, and consistent 

psychological support might help reduce stress and improve 

mental toughness in general when in space (O’Caoimh et 

al., 2019) [45]. 

 

3. Therapeutic Approaches 

A mix of pharmaceutical, dietary, physical, and 

technological interventions are used in therapeutic 

techniques to reduce the health risks astronauts encounter in 

microgravity situations (Pal et al., 2021) [48]. While 

pharmaceutical medicines like bisphosphonates and 

antioxidants are being investigated to maintain skeletal and 

cardiovascular health, countermeasures like resistance and 

aerobic exercise regimes are essential in preventing muscle 

atrophy and bone demineralisation (Marcucci et al., 2023) 

[39]. Nutritional tactics that improve metabolic balance and 

lower inflammation include vitamin D, calcium, and omega-

3 fatty acid supplements (Ticinesi et al., 2016) [60]. 

Furthermore, cutting-edge technology like wearable health 

monitoring devices and artificial gravity systems present 

intriguing ways to replicate Earth-like settings and quickly 

treat physiological abnormalities. Together, these 

multidisciplinary therapeutic strategies are essential for 

ensuring astronaut health, performance, and mission success 

during prolonged space travel (Mohammad, 2024) [40]. 

 

3.1 Physical Exercise Regimens 

Because physical activity helps preserve muscle mass, bone 

density, and cardiovascular health, it is essential for 

reducing the health risks astronauts encounter in 

microgravity (Riski, 2024) [52]. Because there are no 

gravitational pulls in microgravity situations, astronauts 

suffer from bone loss and muscle atrophy, which can cause 

long-term health problems when they return to Earth. 

Exercise regimens are specifically created to target the 

important bone and muscle regions that are most impacted 

by microgravity in order to mitigate these effects (Bonanni 

et al., 2023) [6]. 

Aerobic workouts, resistance training, and weight-bearing 

exercises like cycling, treadmill walking with harnesses, and 

the use of specialised exercise equipment like the Advanced 

Resistive Exercise Device (ARED) are commonly included 

in these regimens (Donaghe, 2011) [15]. Frequent exercise 

also improves blood circulation, preserves cardiovascular 

health (Myers, 2003) [42], and enhances mental and physical 

well-being—all of which are critical for astronauts' 

performance on long-duration space missions. When strictly 

adhered to, these routines are thought to be essential for 

maintaining astronaut health while they are in orbit and 

facilitating their safe and healthy return to Earth (Shah et al., 

2024) [55]. 

 

3.2 Pharmacological Interventions 

The main goal of pharmacological therapies to reduce the 

health risks astronauts encounter in microgravity is to 

reverse the physiological changes brought on by the space 

environment, such as cardiovascular abnormalities, muscle 

atrophy, and bone density loss (Pal et al., 2021) [48]. The 

ability of a number of pharmaceutical substances, such as 

myostatin inhibitors, bisphosphonates, and selective 

androgen receptor modulators (SARMs), to maintain bone 

strength and muscle mass is being studied. Furthermore, 

drugs that target oxidative stress, such antioxidants (like 

vitamin E and ascorbic acid), are being examined to shield 

cells from harm brought on by the increased creation of free 

radicals in space. By encouraging the synthesis of red blood 

cells, erythropoiesis-stimulating agents (ESAs) may also 

lessen the symptoms of anaemia brought on by 

microgravity. In order to promote astronaut health during 

extended missions, pharmaceutical strategies to regulate 

neurocognitive impacts and sleep disturbances—such as 

melatonin and cognitive enhancers—are also being 

investigated. By reducing the health hazards connected to 

extended space travel, these therapeutic approaches hope to 

improve astronaut performance and wellbeing (Arone et al., 

2021) [2]. 

Various drugs are being tested or used: 

 Bisphosphonates: To mitigate bone loss. 

 Midodrine: For orthostatic hypotension. 

 Melatonin or Zolpidem: For sleep regulation. 

 Antioxidants and anti-inflammatory agents: To 

address oxidative stress and immune imbalance. 

 

3.3 Nutritional Strategies 

Maintaining general health during extended space flights 

requires nutritional solutions for reducing health risks for 

astronauts exposed to microgravity (Dakkumadugula et al., 

2023) [12]. To combat oxidative stress and boost 

immunological function, these tactics include incorporating 

nutrient-dense diets high in vitamins, minerals, and 

antioxidants (Obeagu et al., 2024) [46]. While specific 

supplements like calcium, vitamin D, and omega-3 fatty 

acids aid in preventing bone density loss and inflammation 

brought on by the changed gravitational environment, 

maintaining muscle mass and preventing muscle atrophy 

requires ensuring enough protein consumption (Cretoiu and 

Zugravu, 2018) [10]. Furthermore, the creation of functional 

meals and probiotics, as well as customised hydration 

techniques, may improve gut health and lessen digestive 

problems in space. In order to protect astronauts' health in 

microgravity and eventually improve their performance and 

resilience during space missions (Montesinos et al., 2021) 

[41], advanced nutritional formulations that take into account 

both physiological and psychological variables can be 

extremely important (Benton, 2013) [4]. 

 

3.4 Artificial Gravity 

A possible treatment strategy to lessen the health risks 

astronauts face in microgravity is artificial gravity, which is 

produced by rotating a spacecraft or habitat to mimic the 

effects of gravity (Clément et al., 2015) [9]. Among other 

physiological problems, prolonged exposure to microgravity 

causes muscular atrophy, bone loss, cardiovascular 

deconditioning, and abnormal fluid distribution (Iwase et 

al., 2020) [25]. Astronauts can experience the mechanical 

loads required to preserve cardiovascular and 

musculoskeletal health by harnessing centrifugal forces to 

generate an artificial gravity environment. According to 

research, the use of artificial gravity—such as rotating 

centrifuges or rotating space habitats—may help avoid or 

lessen fluid changes, bone density loss, and muscle 

weakening, all of which could improve long-term health 

during prolonged space travel. To guarantee their efficacy 
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and viability in upcoming space exploration, more research 

is necessary to determine the design, viability, and ideal 

parameters of artificial gravity systems (Young, 1999) [65]. 

 

3.5 Neuromuscular Electrical Stimulation (NMES) 

A promising treatment strategy to reverse the muscle 

atrophy and strength loss astronauts endure from extended 

microgravity exposure is neuromuscular electrical 

stimulation, or NMES (Maffiuletti et al., 2019) [37]. The 

pressure on skeletal muscles is much lessened in space due 

to the lack of gravity, which results in a loss of muscle mass 

and function (Stein, 2013) [59]. In order to simulate the 

effects of physical exercise on the muscles, NMES applies 

electrical impulses to induce muscular contractions. NMES 

can lessen the negative consequences of muscular disuse in 

microgravity by increasing muscle activation and 

encouraging the recruitment of muscle fibres. Additionally, 

it has the potential to shorten the recuperation period needed 

following extended space missions by enhancing astronauts' 

muscle strength, endurance, and general rehabilitation upon 

their return to Earth (Hackney et al., 2015) [22]. 

 

3.6 Behavioral Health Support 

Support for behavioural health in microgravity is crucial for 

resolving the emotional and psychological difficulties that 

astronauts encounter during long space flights (Mohammad, 

2024) [40]. Increased stress, anxiety, and even depression can 

result from microgravity's physical stresses, confinement, 

and isolation. Maintaining mental health through practices 

like mindfulness and relaxation techniques must be the 

major goal of therapeutic approaches (Smith, 2005) [57]. 

Important emotional relief can also be obtained through 

virtual support networks, which include peer, family, and 

mental health professional communication. Supporting 

astronauts' mental health also requires customised 

interventions, such as stress-reduction and mood-enhancing 

exercise programmes and good sleep hygiene habits. By 

incorporating behavioural health care into mission planning 

and astronaut training, psychological problems can be 

reduced, improving crew cohesiveness and performance in 

the demanding microgravity environment (Landon, 2022) 
[32]. 

 

3.7 Radiation Shielding 

A vital component of reducing the health risks astronauts 

encounter on prolonged trips in microgravity settings is 

radiation shielding (Dobney et al., 2023) [14]. Galactic 

cosmic rays (GCRs) and solar particle events (SPEs) are 

examples of space radiation, which carries a number of 

serious dangers, such as an elevated chance of cancer, heart 

problems, and neurological disorders (Reitz and Hellweg, 

2018) [49]. To shelter astronauts from these negative effects, 

effective radiation shielding techniques are crucial. Present 

methods combine sophisticated active shielding 

technologies, like magnetic fields or electrostatic shields, 

with passive shielding materials, like polythene. To increase 

radiation shielding, research is being done on new materials 

and technologies like as hydrogen-rich materials, high-

density composites, and creative spacecraft architecture 

(Shahzad et al., 2022) [55]. Furthermore, in order to 

supplement physical shielding and lower the long-term 

health hazards connected with space travel, therapeutic 

interventions—such as the use of medications to lessen 

radiation-induced damage—are being investigated. 

 
Table 1: Therapeutic Approaches to Health Hazards in Microgravity 

 

Health Hazard Therapeutic Approach Mechanism/Effect Reference 

Muscle atrophy 
Resistance exercise, Protein 

supplementation 
Maintains muscle mass and function (Fitts et al., 2001) [17] 

Bone demineralization Bisphosphonates, Vibration therapy 
Inhibits bone resorption, stimulates 

osteogenesis 

(LeBlanc et al., 2002; 

Rittweger, 2010) [33, 53] 

Cardiovascular 

deconditioning 

Lower body negative pressure 

(LBNP), Exercise 

Maintains blood volume, orthostatic 

tolerance 

(Hargens & Watenpaugh, 1996) 

[23] 

Immune system 

dysregulation 
Probiotics, Antioxidant-rich diet 

Supports gut microbiota, reduces 

oxidative stress 

(Sonnenfeld, 2002; Turroni et 

al., 2020) [58, 61] 

Neurovestibular 

dysfunction 

Adaptation training, Pharmacological 

agents 
Enhances vestibular compensation (Reschke et al., 1998) [51] 

Space radiation exposure Antioxidants, Shielding technologies Scavenges free radicals, protects DNA (Durante & Cucinotta, 2008) [16] 

Psychological stress and 

isolation 

Digital cognitive behavioral therapy, 

Social support 

Improves coping mechanisms, mental 

well-being 
(Kanas & Manzey, 2008) [28] 

Sleep disturbances Melatonin, Controlled lighting 
Regulates circadian rhythm and improves 

sleep quality 
(Dijk et al., 2001) [13] 

Altered gut microbiota Prebiotics and probiotics 
Modulates microbiota composition, 

supports gut-brain axis 
(Turroni et al., 2020) [61] 

Visual impairment (VIIP 

syndrome) 

Lower-body negative pressure, Fluid 

redistribution 

Prevents fluid shift to head, relieves 

intracranial pressure 
(Mader et al., 2011) [36] 

 

5. Conclusion 

The success and safety of long-duration space missions, 

such as those headed for Mars and permanent lunar 

colonisation, depend on tackling the health risks that 

humans encounter in microgravity. In order to mitigate the 

negative effects of microgravity on astronauts' 

musculoskeletal, cardiovascular, neurovestibular, immune, 

and psychological health, a variety of therapeutic 

approaches are presented, ranging from physical exercise 

regimens and pharmaceutical interventions to nutritional 

strategies and cutting-edge technologies like artificial 

gravity and neuromuscular electrical stimulation. 

Maintaining astronaut performance and well-being while 

also strengthening their resilience to the difficulties of space 

travel requires the integration of these interdisciplinary 

approaches. The development of cutting-edge technology 

and continued research into these defences will be essential 

to prepare astronauts for upcoming deep space exploration 

missions and, eventually, allowing humanity to flourish 

beyond Earth. 
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