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The main nutritional concerns during a spaceflight include the sufficient provision of energy to counteract the

negative energy balance, which is often experienced by astronauts, the prevention of a deficiency in

micronutrients, and fluid and sodium management. Furthermore, of utmost importance is the provision of specific

nutrients to face spaceflight-induced pathophysiological events.
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1. Introduction

The space environment causes a plethora of stressors on the human body and has the potential to affect

astronauts’ physiological and metabolic functions. Space stressors include space radiation, microgravity, isolation,

and confinement . These factors pose a challenge to the human body, which needs to adapt in order to cope

with this hostile environment . The future goals of human space exploration include missions to the Moon and

Mars, but also space tourism . Therefore, investigating the impact of spaceflight on the human body is of great

significance, not only for astronauts, but also for the people who will travel to space as tourists. Furthermore, it will

serve as a point of reference for future, long-term space missions—although current evidence is based on short-

term missions so it should be carefully interpreted .

Optimal nutrition is of paramount importance for the crew’s health and the success of the mission, and an

increasing number of studies have focused on the role of nutrition as a countermeasure to spaceflight-induced

pathophysiological events . Therefore, the aim of this research was to identify the effects of space stressors on

astronauts’ physiology and to investigate the role of nutrition on human health under spaceflight conditions.

2. The Hostile Space Environment: Space Radiation,
Microgravity, and Isolation

Space radiation is a primary risk factor for astronauts . Exposure to ionizing radiation increases the production of

reactive oxygen species (ROS) and leads to an imbalance between the production of oxygen free radicals and the

body’s defensive antioxidant capacity, thus resulting in oxidative stress . Microgravity is also a main risk factor

for space travelers, as it provokes body fluid redistribution ‘’upwards’’ from the legs and abdomen to the heart and

head. This causes multiple systems and organ deconditioning, including the vestibular, cardiovascular, and

musculoskeletal system, as well as ophthalmic and endocrine changes, among others .
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Other, less studied, yet principal factors include isolation and confinement. Living in an isolated and confined

environment can cause social tensions, sleep disturbances, anxiety, and depression . Furthermore, given space

crews’ multinationalism, cultural differences among crew members on the International Space Station could also be

a cause of psychosocial stress . Moreover, the crew are not able to leave the spacecraft if they feel they need to

abandon the mission, although this would be a rare event in the highly trained crews. These factors can lead to the

appearance of pathophysiological signs and symptoms, from neurocognitive changes, and abnormal stress

hormone levels to fatigue, sleep disturbances, and immunomodulatory changes . As astronauts face

abnormal day lengths and schedules, sleep disturbances may also result from a dysregulation of the 24 h cycle

and consecutive changes in astronauts’ circadian rhythms . Furthermore, anorexia and decreased energy intake

have been observed during space missions, partially due to psychological factors . Moreover, isolation, combined

with exposure to microgravity and space radiation can induce significant alterations in the human body’s immune

function .

The aforementioned effects vary greatly among individuals. Emotional instability, genetic predisposition, and

personality differences can increase the susceptibility of the subjects to psychosocial, physiological, and

sentimental changes . Additionally, an astronaut’s experience has a significant impact on the solidarity of their

behavior and on their overall adaptability to the new environment. For example, an experienced astronaut is less

likely to face problems, compared to an astronaut on their first space mission .

Finally, contact with the natural environment on Earth, which has an undoubted effect on people’s mentality and

quality of life, is not feasible in space. Neilson et al.  suggested ways to integrate a ‘’virtual’’ natural landscape

into the International Space Station, using digital media, vegetation, virtual reality, and artificial windows in order to

provide a virtual substitute to satisfy the astronauts’ instinctive need to be in contact with their natural environment.

The effect of spaceflight stressors on human health has gained scientific interest and multiple review papers have

attempted to illuminate the metabolic, physiological, and mental disturbances experienced by astronauts due to the

effects of the space environment, including radiation exposure, and sociological alterations resulting from their

confinement and isolation . In this narrative research, the physiological changes and the role of nutrition and

nutritional status have been examined.

3. Spaceflight-Induced Physiological Changes

During the first days of spaceflight, space adaptation syndrome or space motion sickness is observed in

astronauts. The main symptoms of the syndrome include nausea, dizziness, fatigue, anorexia, and headaches and

they are attributed to the pathophysiological impairments in the vestibular system .

Moreover, the effects of the space environment on bone health has also been of scientific concern. During

exposure to microgravity, bone resorption increases significantly, while bone formation remains unchanged or

decreases. This imbalance leads to 1–1.5% bone mass loss per month . This loss rate is similar to the bone loss

rate observed in postmenopausal individuals per year . Spaceflight-induced bone loss varies between skeletal
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sites. For example, bone tissue is better preserved in the non-weight-bearing upper limbs, compared to the weight-

bearing lower limbs . The increased level of bone resorption is associated with increased levels of calcium and

other minerals in the blood circulation and the increased excretion of it in the urine, a process that enhances the

astronauts’ risk of developing kidney stones during and after the spaceflight . According to Gabel et al. , in

a sample of seventeen astronauts (14 men and 3 women), spaceflight-induced bone loss was related to the

duration of the flight; preflight bone turnover markers, which can be used to identify astronauts at risk; and pre-flight

physical activity levels. Further research is needed to investigate whether this loss is recuperated upon their return

to Earth. Gabel et al.  observed an incomplete bone loss reversal in astronauts’ tibia 1 year from the end of their

spaceflight. It is believed that flight duration is proportional to the reverse of bone loss. The longer the space flight,

the greater the loss and the more difficult the recovery.

Apart from bone loss, muscle loss and a rapid atrophy of skeletal muscle is also observed in astronauts, as, under

microgravity conditions, movements require minimal muscle effort and force, which causes muscle mass and

volume loss, especially in the lower limbs . This decrease in muscle mass leads to weakness and diminished

functional capacity, which is particularly noticeable in astronauts upon their return to a gravity condition . A

recent review of the factors directly contributing to this phenomenon include a change in the levels of cortisol,

vitamin D, antioxidants, growth hormones, thyroid hormones, and testosterone, which occur during space flights

. Studies have shown that rapid volumetric skeletal muscle loss, as revealed by magnetic resonance imaging

(MRI), occurs in the quadriceps (−6%); gastrocnemius (−6%); and posterior back muscles (−10%), following 6–9

days of spaceflight .

The cardiovascular system is also influenced by spaceflight. Body fluid redistribution due to microgravity leads to

approximately 2 L of fluid shifting to the upper limbs and head, thus increasing cardiac output (CO) by 18–26% 

. The aforementioned fluid shift causes a decrease in the circulating blood volume (10–15%), aerobic capacity,

and heart size (cardiac atrophy) . These changes are associated with orthostatic hypotension, a phenomenon

that most astronauts experience after a spaceflight . Moreover, according to a prospective cohort study of 11

astronauts during long-duration missions on the International Space Station, microgravity was associated with a

cessation of blood flow in the internal jugular vein, which can, in turn, lead to thrombosis in otherwise healthy

astronauts . Thrombosis is a phenomenon that needs further study, as there is evidence of microgravity-induced

changes in hemostasis mechanisms, such as decreased blood velocity, endothelial dysfunction, and increased

fibrinogen synthesis .

Another major consequence of space travel is the dysregulation of the immune system. It is well-established that

the immune system is influenced by various factors, including environment, diet, microbiome, and psychological

stressors. During short-term six-month flights, astronauts are exposed to space radiation, face circadian rhythm

dysregulations, and micronutrient deficiencies, among others, which are all to blame for astronauts’ altered

immunity . Prolonged isolation and confinement may also lead to reduced immunity . Adequate nutritional

intake is crucial for an optimal immune function, but no specific nutrient has proved to be effective for this purpose.
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The ocular system and vision are also negatively affected during space travel. Previously published data suggest

that astronauts experience vision changes; distance and near visual acuity deterioration; and the so-called

spaceflight associated neuro-ocular syndrome (SANS), for which is mainly characterised by optic disc edema .

Finally, other factors include insulin resistance, impaired wound healing, and alterations in the respiratory and the

central nervous system .

4. Nutritional Concerns during Spaceflights

The main nutritional concerns during a spaceflight include the sufficient provision of energy to counteract the

negative energy balance, which is often experienced by astronauts, the prevention of a deficiency in

micronutrients, and fluid and sodium management . Weight loss, which has been observed since the early

space exploration missions, is a major health concern for astronauts and a main factor leading to accelerated

muscle mass loss .

Low energy intake is negatively associated with cardiovascular deconditioning, according to bed rest studies that

have investigated the effect of hypocaloric diets on astronauts’ physiology . During future long-term missions,

negative energy balance will possibly be a cause of greater implications . Factors that may cause reduced

dietary intake include altered taste and smell due to the redistribution of body fluids, limited food variety and

palatability, isolation, menu fatigue, altered microbiome, and increased physical activity levels . These

factors are depicted in Figure 1.

Figure 1. Causes of negative energy balance during spaceflights.

Furthermore, according to a recent systematic review by Tang et al. , the high concentration of carbon dioxide on

the space stations affects energy intake by reducing food consumption. However, the easy preparation of food, i.e.,

the simple addition of hot water, is positively linked to the food consumption of astronauts . Strategies to mitigate

this problem are the addition of fresh, tasty, calorie-dense foods to the menu, considering food culture and cultural
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habits and the promotion of joint eating activities among astronauts. The environmental and physiological factors

that affect the smell and taste of astronauts during a space flight need further study .

Regarding the deficiency of micronutrients, copper and zinc require extra attention, as a 21-day bed rest study

showed increased fecal excretion of these micronutrients . Regarding sodium levels, most space foods are high

in salt due to the processing and the need for long-term preservation. This high sodium intake can have several

negative pathophysiological effects, such as elevated urinary calcium excretion and an increased risk of kidney

stones. Despite efforts to limit added in food items consumed by the participants in a spaceflight, current food on

the ISS stillcontains high amounts of salt. A recent review by Tang et al.  supported the replacement of high

sodium processed food items with fresh ones, which should be preserved in appropriate conditions to ensure their

palatability and the preservation of their organoleptic properties.
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