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Exposure to the microgravity environment results in many metabolic and physiological changes to humans. Body fluid
volumes, electrolyte levels, and bone and muscle undergo changes as the human body adapts to the weightless
environment. Changes in the urinary biochemistry occurred as early as flight day 3-4 in the short duration
crewmembers. Significant decreases were observed both in fluid intake and urinary output. During and following short
duration Shuttle missions, significant changes were observed in the urinary pH, calcium, potassium and uric acid levels.
During short duration missions, the risk of calcium oxalate stone formation increased early in the flight, continued at
elevated levels throughout the flight and remained in the increased risk range on landing day. The risk returned to
preflight levels one week following landing. The preflight calcium phosphate risk was significantly increased early
in-flight and remained significantly elevated throughout the remainder of the mission. Results from the long duration
Shuttle-Mir missions followed a similar trend. Most long duration crewmembers demonstrated increased urinary calcium
levels despite lower dietary calcium intake. Fluid intake and urine volumes were significantly lower during the flight
than during the preflight. The calcium oxalate risk was increased relative to the preflight levels during the early in-flight
period and continued in the elevated risk range for the remainder of the space flight and through two weeks postflight.
Calcium phosphate risk for these long duration crewmembers increased during flight and remained in the increased risk
range throughout the flight and following landing. The complexity, expense and visibility of the human space program
require that every effort be made to protect the health of the crewmembers and ensure the success of the mission.
Results from our investigations clearly indicate that exposure to the microgravity environment of space significantly
increases the risk of renal stone formation. These studies have indicated specific avenues for development of
countermeasures for the increased renal stone risk observed during and following space flight. Increased hydration and
implementation of pharmacological countermeasures should largely mitigate the in-flight risk of renal stones. The
current study evaluated the efficacy of potassium citrate as a countermeasure to reduce this risk. Citrate, an important
urinary inhibitor of calcium-containing renal stones binds with calcium in the urine, thereby reducing the amount of
calcium available to form calcium oxalate stones. Urinary citrate also prevents calcium oxalate crystals from aggregating
into larger crystals and into renal stones. In addition, citrate makes the urine less acidic which inhibits the development
of uric acid stones. Potassium citrate supplementation has been successfully used to treat terrestrial patients with
recurrent stone formation. The evaluation of potassium citrate as a countermeasure was performed during the ISS
Expeditions 3-6, 8, and 11-14.

Research Objectives:

1. Quantitate the pre- in- and postflight risk of renal stone formation associated with space flight.

2. Determine the efficacy of potassium citrate as a countermeasure in reducing the in-flight and postflight for renal stone
formation.

3. Evaluate dietary impact on the urinary biochemistry.

4. Evaluate the potential benefit of citrate to inhibit bone loss

See also http://www.nasa.gov/

Relevance to Space:

Previous data from studies of crewmembers have noted significant in-flight and postflight increases in the urinary
stone-forming salts and decreases in the concentration of urinary inhibitors of renal stone formation. Results from this
study have indicated that the risk of calcium-containing renal stones can be minimized and beneficial changes in the
urinary chemistry can be accomplished with the use of potassium citrate.

Strategies to reduce the risk of renal stones should focus on prevention of stone formation and include education of
crewmembers, dietary recommendations and pharmacological countermeasures. With humans participating in long
duration ISS missions, extended habitation on the moon and exploration class missions to Mars, it is vital to maintain the
health, safety and capabilities of all crewmembers.

Subjects in this study were crewmembers from long duration missions to the International Space Station (ISS). During
the 9 ISS missions, 20 subjects (19 male/1 female) participated in this study. Due to in-flight crew constraints 2 male
crewmembers on ISS withdrew from the study. The remaining 18 crewmembers successfully completed the study
protocol and participated in missions ranging from 93 to 175 days.

All in-flight urine samples have been returned to Earth and the urinary biochemistry, dietary and bone marker
determination and statistical analysis of the data has been completed.

Preparation of the Final Report has also been completed and submitted to the NASA Human Research Program.
Development of the manuscript for publication of the final results for submission to a scientific journal is underway.
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