
Public health messages advocate 
increasing physical activity to 
combat obesity.  
 
Because the total daily time budget 
must always sum to 24 hours, an 
increase in physical activity will result 
in the displacement of other 
activities.  

Past health research has not 
appropriately considered the 
potential confounding influence of 
the remaining daily activity 
behaviours because statistical 
methods have not respected the 
compositional properties of time-
use data1.  

A Solution: Compositional Isotemporal Substitution 
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A log ratio linear model can be used to estimate the change in a health outcome when a fixed duration of  
time is reallocated from one component to another, while the remaining components are kept constant.   

 
Variables: 
       Time-use composition (min/day) measured by accelerometry 

 Moderate-to-Vigorous Physical Activity (MVPA) 
 Light Physical Activity (LPA} 
 Sedentary Behaviour 
 Sleep   

      Adiposity: Body Mass Index Z-scores (zBMI)  

The composition [x1,x2,x3,x4] was expressed as isometric log 
ratios (ilr) [z1,z2,z3] using the following sequential binary 
partition: 
 
 

    

x1 x2 x3 x4 

z1 +1 +1 -1 -1 
z2 +1 -1 0 0 
z3 0 0 +1 -1 

A linear multiple regression model was created with the 
ilr coordinates as explanatory and zBMI as dependent 
variables. 
 
The model was used to estimate zBMI (y(0,0,0,0)) 
at a baseline composition (the compositional mean), 
where 
 
 
 
and at a composition where t min/day had been 
reallocated between two components, for example, 
from x2 to x1. In this case, x1 is increased by the factor of 
1 + u, and x2 is decreased by the factor of 1 – d, where u 
is calculated as (rt/1440 min)/x1 and d is calculated as 
(rt/1440 min)/x2.  In the predictive model for y(+rt,-rt,0,0), 
x1 was substituted for x1 ·(1+u), and x2 was substituted for 
x2 ·(1-d). 

The change in outcome was then calculated as  
 
 

Example: The International Study of Childhood Obesity, Lifestyle and the Environment2 (2011-2013) 

Mean daily time-use composition*  
(min/day): MVPA=57, LPA=320, Sedentary=525, Sleep=539.  
 
Mean zBMI=0.45 (SD=1.26) 
	

*obtained	by	adjus3ng	the	geometric	means	of	the	components	to	total	1440	minutes  

Analysis Results 
The ilr coordinates were significant predictors of zBMI (F=5.63, p<0.001) 
 
Change in estimated zBMI was calculated for the reallocation of fixed 
durations of time (from 0-50 min, in 10 min increments) between every possible 
pair-wise combination of time use components. From the plot it can be seen 
that replacing MVPA by other behaviours (LPA first, then Sedentary Behaviour 
and Sleep) is associated with the largest change in predicted zBMI. 
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2The example dataset (ISCOLE) was 
funded by the Coca Cola Company.
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Participants: Children from 12 nations:  Australia, Brazil, Canada, China, Colombia, Finland, India, Kenya, Portugal, South Africa, England, 
and the United States (9-11 years, n=5828) 


