
Doubly Labelled Water  
 

The doubly labelled water (DLW) method is an isotope-based technique for the assessment of energy 
expenditure. The method is based on the difference between the turnover rates of the hydrogen and 
oxygen of body water as a function of carbon dioxide (CO2) production. The method allows the 
measurement of CO2 production over a period when the subject is free-living and unencumbered by 
any apparatus. As CO2 production can be directly related to energy expenditure, the measurement 
gives a reflection of free-living energy expenditure. It is regarded as the gold standard assessment 
method. 
 
The method involves dosing subjects with water that contains artificially elevated levels of two 
isotopic tracers, deuterium (2H) and oxygen (18O), hence doubly labelled. These are both naturally 
occurring stable isotopes that have background levels of around 150 ppm for deuterium and around 
2000 ppm for 18O. When individuals drink a dose of doubly labelled water the levels of these isotopes 
in their bodies rise to about 225 ppm and 2150 ppm respectively. These levels are not known to 
produce any toxic reactions or physiological effects and the method is sufficiently safe that it is 
routinely used in potentially vulnerable groups like children (including new-borns) and pregnant 
mothers. 
 
The method was originally invented in the 1950s by Nathan Lifson and colleagues at the University of 
Minnesota in the USA. It is based on the observation made by Lifson in 1949 that the oxygen in respired 
carbon dioxide is in complete isotopic equilibration with the oxygen in body water. Hence, if a dose of 
heavy oxygen is ingested, it is primarily eliminated by the flow of both water and oxygen/CO2 through 
the body. On the other hand, a dose of deuterium will be primarily eliminated only by the flow of 
water. Therefore, the difference in the elimination of the two isotopes provides a measure of CO2 
production. 
 
This simple description hides a multitude of complexities and assumptions. Nevertheless, validation 
studies of the method in comparison to indirect calorimetry suggest that the method is on average 
accurate to within about 3 % of actual CO2 production, although the precision for individual 
measurements is somewhat lower at about 7%. 
 
The technique was only used on small mammals and birds until the early 1980s because of the cost of 
the isotopes. The first human application was made by Dale Schoeller’s group in 1982. Since then use 
of the method has increased enormously. There are currently around 100-150 papers published 
annually that use it to measure free-living energy requirements. 
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