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«Mars-500» project has being conducted by the State
scientific center of the Russian Federation – Institute
for Bio-medical Problems of RAS under the aegis of
Roscosmos, ESA and Russian Academy of Sciences.

It included a series of experiments simulating these or
those aspects of an interplanetary manned flight. The
main part was a series of experiments on long-term
isolation of the crew in conditions of the specially built
ground-based experiment facility.

(web-site http://mars500.imbp.ru) 



The main objectives of the experiment were

- to explore the effects of extended isolation on the human
body functional state, the cardiovascular system in

particular;

- to obtain objective evidence of natural variations in the
body functional parameters;

- to test novel procedures and technologies developed for
using in long-duration space missions;

- determination and comparison of the functional
deconditioning under conditions of long-term
isolation and in different climatic and social
environment in order to find the keys to predict
overly straining of adaptation mechanisms.



Experimental complex
(IMBP, Moscow, Russia)

“Mars-500 studies were
conducted in the model of
interplanetary spacecraft.
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International crew: 6 males age 32±3,7 years.
Work and rest schedule of the crew is the

same as in orbital flights (7-day week with
two free days).

The activities of the crew included regular
operations: medical control of health, physical
training, supervision and maintenance of
managing systems, "lander", carrying out
researches, health and other procedures, etc.

Rations for crew members were identical
to those used on the International Space
Station.

The crew was in an artificial environment
at normal atmospheric pressure.



Protocol of the investigation incorporates monthly
ECG recording over 10 minutes combined with the
breath-holding tests, blood pressure measurement,
determination of time for simple and integral
sensomotoric reactions, and filling out a
questionnaire about day-to-day life, stresses and
possible upsets of the past month.

The main research method was a heart rate
variability (HRV) analysis. HRV analysis
allows us to evaluate not only the result of
the functional tests, but their "cost" – the
regulatory systems tension, which is
necessary to perform loads (the "adaptation
price").

To support the physiological investigations in experiment Mars-500, specialized hard- and
software device «Ecosan-2007» was designed and manufactured in collaboration with
Russian company «Medical Computer Systems».

«Ecosan-2007»
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HRV studies using «Ecosan-2007»



Electrocardiograph «Kardi-2» was used to record ECG in three
standard and three unipolar leads. In addition to computation of
the customary ECG parameters, the device analyzes low-amplitude
oscillations of cardiac potentials (ECG dispersion mapping) and
displays results in the form of «heart portrait». The integral
parameter of analysis is a Myocard index which normally does not
rise above 14%. To assess autonomic regulation of the
cardiovascular system, analysis of heart rate variability (HRV) was
performed simultaneously with ECG input.



Prenosological assesment of 
functional deconditioning.

A new methodological approach, developed in space medicine for 
assessing the risk of disease according to the HRV analysis [Baevsky, 
Chernikova, 2002, 2010], was used while assessing the results of studies. 
Adaptation level is measured here by the parameters of the functional 
reserves (FR) and the stress degree (SD)

Days of disability in adaptation groups according to 
the results of prenosological diagnostics (n=108) 

[Berseneva, 1991]
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• For the scientific analysis of changes in health status of the "Martian" crew control experiments 

in which similar groups of people would be in the wild under the influence of various 
environmental factors: climatic and geographical, industrial, social and other.

• In this regard, control satellite studies, which were held simultaneously in several groups of 
volunteers, were organized .

The reference groups were formed in 11 regions including 6 groups in
Russia, one in Germany, one in Czech, one in Belarus, one in USA and one in
Canada.

The reference groups consisted of 10 to 15 essentially healthy males in
the same age range.



A special website was created for informational and technical support of
research. Preliminary individual conclusions about health status were
done for every individuals and files with the results of studies were
transferred to DataBase in analytical center via Internet connections.

www.iki.rssi.ru/mars500



www.iki.rssi.ru/mars500 (Results, Weather)



www.iki.rssi.ru/mars500 (Results, Arterial blood pressure)



A slight but significant (p<0,001) differences in age (from
28.9 years to 35.1 years old Minsk, Moscow) and BMI (from
23.6 to 26.4 in Minsk, Moscow) are detected. When
comparing the results of researches these differences are
necessary to be considered.

Age and body mass index in satellite groups in Mars-500 project.
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A distinct upward trend in heart rate (HR) are marked in Minsk, Moscow and
Syktyvkar groups. The highest level of arterial blood pressure (systolic and
diastolic) was observed in Magadan and Moscow groups. The lowest values of HR
and blood pressure are observed in Yekaterinburg.

When comparing the data on the cardiovascular system functional
status with age and BMI, it can be assumed that the observed
differences in variables of cardiovascular homeostasis are
associated not only with age and constitutional features.



Stress index (SI) reflects the level of sympathetic regulation and
the degree of tension, and pNN50 - the parasympathetic
regulation. The most favorable functional state of regulatory
mechanisms observed in the group from Ekaterinburg (the average of
all groups by age and BMI), and the worst - in the group from
Magadan, which is the second by age and BMI. The group from Minsk
has the highest values of stress index, but the sufficient activity of
parasympathetic level of regulation (pNN50).

Autonomic function  in satellite groups in Mars-500 project.
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Functional conditions in different regions
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Distribution of people in satellite groups in

Mars-500 project at different categories of risk.
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Conclusion
- By applying the principles of prenosological diagnosis for

telemedicine studyings in groups of practically healthy people
the important data about changes in functional health status
under different environmental conditions was obtained.

- Telemedicine technology in conjunction with using the
principles of prenosological diagnostics allows to detect the
adaptive response of the organism due to the influence of
environmental factors in different climatic and geographical
zones.

-
- It gives us the possibility to predict the risk of disease and to

“manage” the health, which is especially important for the
healthy contingents of people, working under stressful
conditions, particularly in inaccessible areas.
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http://mars500.imbp.ru

www.iki.rssi.ru/mars500

Thank you for attention
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