
Biology 

Cardiovascular impacts with astronauts on 

Mars  

Mohanad Elagan, STEM High School for Boys 

Fares Ayman, Obour STEM High School 

Joyiriaa Monier, Maadi STEM High School for Girls 

Shahd Tamer, Mansoura Secondary School for Girls 

Mentor: Youssef Elgharably, STEM Gharbiya High School 

Abstract 

For centuries, humans desired to learn and explore outer space, leave this planet, 

and travel for many years. In recent decades, many steps have been taken in the 

right direction. As a result, we have successfully conquered outer space. However, 

the beginning was such a difficult step; as a new frontier is developed, new 

problems loom over the horizon. Many issues began to arise to oppose the projects 

of space exploration. It cannot be said that all the problems are associated with the 

space itself but rather with humans. Because it is related to humans and their health 

on other planets, medical issues remain the most significant and most severe 

globally. Just one of these issues is the cardiovascular system challenge. This 

research is going to delve deeper into the potential risks of the cardiovascular 

system and how it affects human life on other planets. Furthermore, some helpful 

suggestions for resolving the issue are provided. 

I. Introduction

Africa was the origin of humanity. Nevertheless, 

we did not all remain there—our forefathers travelled 

all across the continent for hundreds of years before 

leaving. Why? We probably glance up to Mars and 

wonder, "What is up there?" for the same reason. Are 

we able to travel there? Perhaps we could [1]. There 

are several reasons to seek for a habitable planet to 

live on in the future. One of the most crucial reasons 

is the relationship between population growth and 

global warming. Because the circumstances on Mars 

are comparable and similar to those on Earth, 

astronauts prefer to study it. Astronauts on distant 

worlds, like Mars, face a range of difficulties. 

Medical problems are the most significant of these 

difficulties. Radiation, gravity (or lack thereof), 

fitness loss, and cardiovascular effects are just a few 

of the obstacles [2]. As a result, gravity has an impact 

on many components of the cardiovascular system, 

including the heart. 

On Earth, the veins in our legs, for example, work 

against gravity to return blood to the heart. The heart 

and blood arteries, on the other hand, alter in the 

absence of gravity, and the longer the flight, the more 

severe the changes. With microgravity, the size and 

structure of the heart, for example, alters, and the 

mass of the right and left ventricles decreases. This 

problem might be due to changes in myocardial mass 

and a reduction in blood volume. In space, the human 

heart rate is also lower than on Earth [3]. During 

long-duration spaceflight, fluid changes and 

ambulatory blood pressure decrease occur. 

Therefore, the systematic development and 

assessment of possible remedies have become a 

significant focus of space-related research. The 

priority for cardiovascular risks included (i) 

diminished cardiac function; (ii) impaired

cardiovascular autonomic functions; (iii) impaired 

cardiovascular response to orthostatic stress; 



(iv) impaired cardiovascular response to exercise

stress; (v) ---;

Long-term cardiovascular deconditioning 

will need to be addressed in the context of future 

Mars missions in order to: (i) evaluate the efficacy of 

countermeasures and optimize them in order to 

ensure the astronauts' safety; (ii) improve and spread 

risk thresholds, especially for physical activity after 

landing. Specific pharmacological medications are 

meant to improve hemodynamic and autonomic 

functioning, among other things. Furthermore, 

spaceflight-induced alterations to the muscles and 

cardiovascular system lead to a reduction in aerobic 

fitness [4]. Consequently, fitness exercise will be 

excellent advice for avoiding minor problems from 

becoming major problems such as cardiovascular 

and fitness difficulties. 

The objective of this study is to offer an 

assessment of potential risks to the cardiovascular 

system during space flight based on a thorough 

analysis of published evidence. Specific therapy of 

processes linked with cardiovascular changes that 

lead to astronauts' operational performance being 

impaired will be addressed. 

II. RISKS TO THE CARDIOVASCULAR

SYSTEM DURING SPACE FLIGHT 

ASSESSMENT 

i. Diminished cardiac function

Experiments in orbit have shown that when 

astronauts return to Earth, their stroke volume is 

considerably reduced [5,6,7,8,9,10]. 

Echocardiographic data revealed that a smaller 

cardiac size was related to a smaller stroke volume 

[6,10]. Although space flight is associated with less 

cardiac filling due to a reduction in circulating 

plasma and blood volume, data from magnetic 

resonance imaging measurements taken from four 

astronauts who participated in the 10-day D-2 NASA 

space mission revealed an average 14 percent 

reduction in left ventricular mass [11]. These are the 

first human data to show a risk of cardiac 

remodelling during space missions, affecting 

myocardial function and reducing stroke volume. 

Furthermore, ground simulation tests have shown 

that decreased ventricular compliance might impair 

diastolic function and affect heart-filling [12]. 

Nevertheless, recent data from animal trials 

on the ground and in space shows that smaller 

cardiac size merely reflects the impact of negative 

caloric balance and body mass loss that astronauts 

experience during space travel, resulting in a 

constant heart mass to body mass ratio [13]. 

Measurements of myocardial function curves before 

and after the 84-day U.S. Skylab mission [8], 

ejection fractions measured before and during the 

237-day Russian Salyut-7 mission [14], and arterial

pulse wave velocities measured before and during

the Russian 23-day Salyut-1 and 63-day Salyut-4

missions [8], regardless. The findings from the space

mission likely reflect the efficacy and significance of

existing intensive exercise countermeasures in

maintaining normal heart function. As a result, in the

context of existing effective exercise space flight

countermeasures, the risk of decreased cardiac

function during or subsequent space travel appears to

be minimal.

ii. Impaired cardiovascular autonomic functions

After microgravity exposure, autonomically-

mediated baroreflex systems that regulate cardiac 

chronotropic responses and peripheral vascular 

resistance may adapt, resulting in insufficient blood 

pressure regulation. Hypo adrenergic responsiveness 

has been proposed as a contributing factor to post-

flight orthostatic intolerance, as demonstrated by a 

link between low blood norepinephrine and lowered 

vascular resistance in astronauts before they syncope 

[15,16]. Since sympathetic nerve activity, circulating 

norepinephrine, and peripheral vascular resistance 

are all increased in orthotactically stable astronauts 

after space flight [16], sympathetic withdrawal at the 

point of presyncope [17,16,18], as well as blood 

sampling in the supine posture of only the 

presyncope astronauts, may explain other than 

hyperadrenergic responsiveness for lower circ. 

Presyncope was linked to reduced cardiac vagal 

nerve traffic withdrawal produced by carotid 

baroreceptor stimulation during stand tests after 

simulated and genuine microgravity [18]. Although 

syncopal individuals' heart rates increased with 

standing, their tachycardia was less than half that of 

no syncopal ones. These findings were the first to 

show that impaired carotid-cardiac baroreflex 



function can compromise tachycardic mechanisms' 

ability to optimize heart rate and, as a result, cardiac 

output while standing. As a result, the reduction of 

baroreflex-mediated cardiac chronotropic responses 

produced by microgravity might pose a 

cardiovascular danger by reducing reflex 

compensatory tachycardia responses, which are 

required to maintain sufficient cardiac output. 

iii. Impaired cardiovascular response to 

orthostatic stress

Since the U.S. Gemini program [19], 

orthostatic hypotension and compromise have been 

well documented. Presyncope symptoms have been 

reported in 28 percent to 65 percent of mission 

specialists or scientists studied during a stand or tilt 

test after returning from specific life science space 

missions [5,16,18]. Lower circulating blood volume, 

stroke volume, and cardiac output, as well as a 

limited ability to raise peripheral vascular resistance, 

have all been related to astronauts' poor orthostatic 

performance during space travel [16,18]. It's obvious 

that an astronaut's incapacity to stand and conduct an 

emergency evacuation from a spaceship after landing 

might be a life-threatening situation. Consequently, 

decreased cardiovascular response to standing after 

returning from space might be one of the most 

serious threats to astronauts' safety, well-being, and 

performance. 

iv. Impaired cardiovascular response to exercise

stress

Human individuals subjected to ground 

microgravity simulations have shown a substantial 

decrease in aerobic capacity in many tests [19]. More 

recently, after just 9 or 14 days in space, six 

astronauts showed a 22% drop in aerobic capacity, 

linked to a fall in stroke volume [14]. It is also 

evident that decreased heart-filling, i.e., end-diastolic 

volume, affects reduced stroke volume during 

physical labour in space [20]. The reduced 

circulating blood volume level is significantly linked 

with the percentage reduction in maximum oxygen 

consumption following cardiovascular adaptation to 

terrestrial micro-gravity simulations [19], implying a 

close connection between blood volume and cardiac 

filling. However, there is no indication in the 

literature that a loss of 20% to 25% of aerobic 

capacity during or after space flight has hampered 

operational effectiveness. 

III. Cardiac output to Mars

Gravity affects several components of the 

circulatory system, including the heart. On Earth, the 

veins in our legs, for example, struggle against 

gravity to return blood to the heart. The heart and 

blood arteries, on the other hand, change in the 

absence of gravity, and the longer the flight, the more 

severe the changes. 

• With micro-gravity, the size and form of the

heart, for example, alters, and the mass of

the right and left ventricles decreases. This

could be due to changes in myocardial mass

and a decrease in fluid volume (blood). In

space, the human heart rate (number of beats

per minute) is also lower than on Earth. In

fact, it has been discovered that the heart

rate of astronauts standing erect on the

International Space Station is similar to that

of those resting down on Earth before

takeoff. In space, blood pressure is also

lower than on Earth.

• The heart's cardiac output — the volume of

blood pumped out each minute – diminishes

in space as well. There is also a

redistribution of blood in the absence of

gravity: more blood stays in the legs and less

blood returns to the heart, resulting in less

blood being pumped out of the heart.

Reduced blood supply to the lower limbs is

also a result of muscle atrophy. Because of

the lower blood flow to the muscles and the

reduction of muscular mass, aerobic

capacity is impacted. [20]

i. Cardiovascular Health in Micro-gravity

The cardiovascular gadget that consists of each 

coronary heart and blood vessel has developed to 

perform in Earth’s gravity whilst standing, sitting, or 

mendacity down. Daily bodily hobby whilst running 

or exercise towards gravity maintains the entirety 

%5bhttps:/theconversation.com/five-things-that-happen-to-your-body-in-space-52940%5d(https:/theconversation.com/five-things-that-happen-to-your-body-in-space-52940)


flowing smoothly. As quickly as astronauts arrive in 

micro-gravity, and whilst they stay at the blood and 

different frame fluids are pushed “upward” from the 

legs and stomach towards the coronary heart and 

head. This fluid shift reasons a lower quantity of 

blood and fluid with-inside the coronary heart and 

blood vessels even whilst astronauts enjoy swelling 

with-inside the face and head. Because spending time 

in the area impacts the human coronary heart and 

circulatory gadget, pretty a chunk of studies 

performed aboard the distance station seem at those 

results in each the short- and long-term. Much of this 

study's ambitions are to increase and take a look at 

countermeasures to cardiovascular modifications. 

What we examine has vital packages at the floor as 

well, as shown in figure 1,  in component due to the 

fact the various  modification visible in the area 

resemble the ones because of aging on Earth. Fluid 

shifts skilled via way of means of astronauts for the 

duration of prolonged micro-gravity missions on the 

distance station have an effect on now no longer most 

effective the cardiovascular gadget however 

additionally the mind, eyes, and different 

neurological functions. The obvious boom in fluid in 

the cranium is an idea to boom mind stress, which 

can purpose listening to loss, mind edema, and 

deformation of the attention referred to as 

Spaceflight Associated Neuron-ocular Syndrome. 

[21] In micro-gravity, the coronary heart

modifications its form from an oval (like a water-

stuffed balloon) to a spherical ball (an air-stuffed

balloon), and area reasons atrophy of muscle mass 

that on Earth paintings to constrict the blood vessels, 

so that they can not manage blood go with the drift 

as well. On go back to Earth, gravity as soon as again 

“pulls” the blood and fluids into the stomach and 

legs. The lack of blood volume, mixed with atrophy 

of the coronary heart and blood vessels that may arise 

in the area, reduces the cap potential to 

regulate a drop in blood stress that takes place while 

we stand on Earth. Some astronauts enjoy orthostatic 

intolerance - difficulty or incapability to face due to 

lightheaded and/or fainting after go back to Earth. 

Exercise in the area is an effective manner to hold 

maximum forms of cardiovascular fitness. 

Equipment is to be had on the distance station each 

for resistive sporting events the use of the Advanced 

Resistive Exercise Device and cardio sporting events 

the use of a treadmill or desk-bound bike, as shown 

in figure (2). 

Figure 1:Canadian Space Agency astronaut David Saint-

Jacques performs an ultrasound for Vascular Echo, one of 

three Canadian experiments in the Vascular series, which 

study the effects of weightlessness on astronauts’ blood 

vessels and hearts aboard the International Space Station. 

Figure 2:ESA (European Space Agency) astronaut 

Alexander  G erst gets a workout on the Advanced 

Resistive Exercise Device (ARED) in the Tranquility 

node of the International Space Station. 

Figure 3: Canadian Space Agency astronaut David Saint-

Jacques wearing the Bio-Monitor, a Canadian technology 

designed to measure and record astronauts’ vital signs. 

The Vascular Aging investigation uses the shirt to collect 

data. 

https://humanresearchroadmap.nasa.gov/Risks/risk.aspx?i=105


 In addition, astronauts can put on unique trousers 

that use stress variations to drag blood returned into 

the stomach and legs. Important studies are being 

executed on the distance station to examine extra 

approximately SANS and to increase and take a look 

at countermeasures to the numerous viable specific 

cardiovascular modifications. This area station study 

has vital packages on Earth as well, in component 

due to the fact the various modifications visible in the 

area resemble the ones because of aging or illnesses 

-- cardiovascular disorder because of inflammation, 

loss of exercise, viable intracranial hypertension, 

orthostatic intolerance, and hormonal and metabolic 

modifications, as shown in figure(3). Scientists are 

inspecting the underlying cellular mechanisms at the 

back of many cardiovascular structures 

modifications are now no longer most effective in 

astronauts however additionally via way of means of 

the use of version organisms, mobile cultures, and 

stem cells. [22]      

IV. Experiment

The radiation and low gravity of space also have 

an impact on the body’s vascular system, causing 

circulatory problems for astronauts when they return 

to Earth and an increased risk of heart attack later in 

life: 

Marlene Grenon, MD, associate professor of 

vascular surgery, has long been interested in the 

effects of space flight on the vascular system. 

“Astronauts are in great shape, and training routines 

are a part of their daily lives,” Grenon said. “As a 

result, we must recognize what is taking place here. 

Is it a result of radiation? Gravity? What other 

physiological considerations are there?”. You 

Grenon researched the effects of simulated 

microgravity on the morphology of vascular 

endothelial cells, which line the interior of blood 

arteries. Grenon has a degree in Space Sciences from 

the International Space University and developed 

UCSF's first direction on the influence of spaceflight 

on the body, as shown in figure(4). 

Grenon grew the cells and placed them in an 

environment that approximated a very low gravity 

environment. She discovered that a lack of gravity 

causes a decrease in the expression of specific genes 

within the cells that affect plaque adhesion to the 

vessel wall. While the effects of these changes aren't 

entirely evident, it's known that a lack of gravity has 

an impact on molecular features. 

Furthermore, previous research by Grenon 

revealed that micro-gravity causes changes among 

the cells that regulate energy flow within the heart, 

potentially putting astronauts at risk for cardiac 

arrhythmia. 

In 2016, Schrepfer looked into the vascular 

architecture of mice who had spent time on the 

International Space Station, as well as vascular cells 

produced in micro-gravity on Earth. Her team is still 

analyzing their findings, but it appears that the 

carotid artery partitions have thinned in mice in the 

location, maybe due to the lower blood pressure 

required for circulation due to the lower gravity. 

The researchers also discovered that the aesthetic 

cells showed changes in gene expression and control 

that were similar to those seen in patients with 

cardiovascular disease on Earth.While those changes 

aren't harmful in the microgravity of the Space 

Station, they have a deleterious impact on blood 

circulation on Earth.When astronauts return to 

Earth's gravity, muscle weakness is just one of the 

reasons they can't get up, according to Schrepfer. 

“They also don't get enough blood to their brain since 

their vascular function is impaired,” says the 

researcher. 

Figure(4): In support of the Blood Pressure Regulation 

Experiment (BP Reg), Chris Hadfield of the Canadian 

Space Agency is pictured after setting up the Human 

Research Facility (HRF) PFS (Pulmonary Function 

System) and the European Physiology Module (EPM) 

Cardiolab (CDL) Leg/Arm Cuff System (LACS) and 

conducting the first ever session of this experiment. 

https://www.nasa.gov/mission_pages/station/research/station-science-101/cardiovascular-health-in-microgravity/


There is reason to be optimistic: Schrepfer and 

her colleagues have discovered a tiny chemical that 

prevents the weakening of vascular partitions in 

mice. She and her team are planning to conduct 

protection experiments on people on the inside in the 

near future. [23] [24] 

ii. Calculations attempts on mars

The floor gravity of Mars is simply 38% that of 

Earth. Although micro-gravity is understood to 

purpose fitness issues such as muscle loss and bone 

demineralization, it isn't always recognized if 

Martian gravity might have a comparable impact. 

The Mars Gravity Bio-satellite turned into a 

proposed task designed to examine extra 

approximately what impact Mars' decrease floor 

gravity might have on humans, however it turned 

canceled because of a loss of funding. Due to the 

shortage of a magnetosphere, sun particle events and 

cosmic rays can without difficulty attain the Martian 

floor. 

- Mars affords adversarial surroundings for human

habitation. Different technology had been evolved to

help long-time period area exploration and can be

tailored for habitation on Mars. The current file for

the longest consecutive area flight is 438 days via

way of means of cosmonaut Valeri Polyakov, and the

maximum amassed time in the area is 878 days via

way of means of Gennady Padalka. The longest time

spent outdoor the safety of the Earth's Van Allen

radiation belt is ready 12 days for the Apollo 17

moon landing. This is minor in assessment to the

1100-day adventure deliberate via way of means of

NASA as early because the 12 months 2028.

Scientists have additionally hypothesized that many

one-of-a-kind organic features may be negatively

laid low with the surroundings of Mars colonies. Due

to better tiers of radiation, there may be a large

number of bodily side-consequences that have to be

mitigated. In addition, Martian soil consists of

excessive tiers of pollutants which can be risky to

human fitness.

- The distinction in gravity might negatively affect

human fitness via way of means of weakening bones

and muscles. There is likewise the chance of

osteoporosis and cardiovascular issues. Current 

rotations at the International Space Station 

positioned astronauts in 0 gravity for 6 months, a 

similar period of time to a one-manner experience to 

Mars. This offers researchers the capacity to higher 

recognize the bodily country that astronauts going to 

Mars might arrive in. Once on Mars, floor gravity is 

simplest 38% of that on Earth. Micro-gravity impacts 

the cardiovascular, musculoskeletal, and neuron-

vestibule (critical nervous) systems. The 

cardiovascular consequences are complex. On earth, 

blood with-inside the frame remains 70% low the 

heart, and in micro-gravity, this isn't always the case 

because of not anything pulling the blood down. This 

will have numerous bad consequences. Once moving 

into micro-gravity, the blood stress with-inside the 

decrease frame and legs is drastically reduced. This 

reasons legs to come to be vulnerable via lack of 

muscle and bone mass. Astronauts display symptoms 

and symptoms of a puffy face and chook legs 

syndrome. After the primary day of re-access 

returned to earth, blood samples confirmed a 17% 

lack of blood plasma, which contributed to a decline 

of erythropoietin secretion. citations and a lot of 

references to your claims. [25] [26] 

V. Pharmacological countermeasures

After such extensive experiments, both in space 

and on the ground, it was determined that physical 

therapy should target plasma or blood expansion, 

autonomic dysfunction, and impaired vascular 

reactivity. This can assist in the identification of the 

most appropriate countermeasures for orthostatic and 

physical work performance protection. Several 

practices included using agents such as 

Fludrocortisone or any electrolyte-containing 

beverages that can increase the amount of blood 

circulating throughout the body. In more detail, beta-

adrenergic blockers can be used to reduce the degree 

of cardiac mechanoreceptor activation or to inhibit 

epinephrine's peripheral vasodilatory effects. 

Furthermore, by inhibiting parasympathetic activity, 

disopyramide can be used to avoid vasovagal 

responses. Finally, alpha-adrenergic agonists such as 

ephedrine, etilephrine, or midodrine are used to 

increase venous tone and return while also increasing 

https://www.ucsf.edu/news/2017/07/407806/traveling-mars-will-wreak-havoc-our-bodies-can-we-prevent-it
https://blogs.nasa.gov/ISS_Science_Blog/tag/bone-density/
https://science.nasa.gov/science-news/science-at-nasa/2009/10jul_cardio
https://www.sciencedirect.com/science/article/pii/S0019103500963930


peripheral vascular resistance through arteriolar 

constriction. [27] 

Scientists relied on specific experimentation 

and testing of blood volume expanders and 

vasoconstrictors to test all of those agents. Scientists 

were able to debrief that consuming 8 g of salt tablets 

with 912 ml of fluid was designed to make an 

isotonic saline drink approximately 2 hours prior to 

reentry in an attempt to restore blood volume. This 

method was used for short-duration space missions, 

but exposure to microgravity for more than seven 

days did not yield the same results. 

After the saline drink failed to counteract the 

changes that occurred after a few hours, the question 

became how to maintain the body's state and treat 

orthostatic hypotension for such a long time. 

Fludrocortisone has been used successfully in the 

treatment of orthostatic hypotension; it works by 

increasing sodium and fluid retention as well as 

sensitizing alpha-adrenergic receptors. As such, 

Fludrocortisone appears to be most effective when 

taken over a period of days to weeks rather than all 

at once. 

In a more controlled experiment, the goal was 

to compare the efficacy of the saline regimen and 

Fludrocortisone as countermeasures for reduced 

plasma volume and orthostatic intolerance after 

spaceflight. [28][29] 

The experiment was divided into two parts, 

the first testing the saline regimen and the second the 

Fludrocortisone. First, eleven healthy males were 

subjected to six hours of head-down bed rest at a 

slope of six degrees. Members were then divided into 

two groups. The first group ate eight salt tablets and 

drank 960 ml of water two hours before the 

ambulation. On the other hand, the second group 

received 0.2 mg oral fludrocortisone at 0800 and 

2000 h the day before and 0800 h the day the subjects 

got out of bed (2 hours before standing). The plasma 

volume decreased by 12% on day 7 of bed rest, 

according to the findings. Fludrocortisone restored it, 

but saline load did not. Despite a similar increase in 

heart rate between the two groups, the saline loading 

group experienced more orthostatic hypotension than 

the fludrocortisone group. Finally, the use of 

Fludrocortisone as a treatment for orthostatic 

intolerance was discontinued. The α -agonist drug 

was recently used to treat the same symptoms under 

the same conditions. Using this type of drug on the 

same people produced better results than the 

Fludrocortisone and saline regimen. [30][31]

VI. Conclusion

Finally, it can be said that traveling into space is 

now easier than ever, but the challenge now is 

determining how to achieve the best results and 

keeping track of self-health during space flights. As 

seen, medical issues arising from the cardiovascular 

system are critical due to their vitality in keeping the 

astronauts alive during their missions. We have seen 

how differences in gravity can lead to fundamental 

problems in space, such as changes in the size and 

structure of the heart muscle, fluid changes, and a 

drop in blood pressure. In addition to several possible 

outcomes, an experiment was shown to demonstrate 

how radiation and low gravity in space can have an 

impact on the human body, as well as issues with the 

cardiovascular system. Finally, using gravity 

calculations between the Earth and Mars, the 

scientific idea behind the medical problems is clearly 

proven. This reveals the mysteries underlying those 

phenomena. 
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