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The description of the model is adapted from Reference 23.

Energy Partitioning

Our mathematical model of energy partitioning during childhood is an extension of our previously published adult model 1-3 and is described by the following equations: 
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[1]
where the additional term, g(t), is a simplified model of growth as a function of age alone and represents the net effect of a variety of complex physiological processes that stimulate accretion of fat-free mass with an increased utilization of fat. For example, growth hormone is known to increase body protein synthesis as well as stimulate adipose lipolysis and therefore has the net effect on energy partitioning indicated in equation 1. Equation (1) is structured to implicitly obey macronutrient and energy balance.
The energy density of fat-free mass, (FFM, increases with age primarily because young children have a relatively greater hydration of fat-free mass 4. To account for this, we expand the rate of energy storage in fat-free mass as follows:
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[2]
where we have defined the effective energy density of fat-free mass changes, 
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[3]
Assuming that the metabolizable energy content of fat-free mass is primarily due to body protein with an energy density of 4.7 kcal/g, the reference data of Fomon 5 and Haschke 6 was used to determine the linear relationship 
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 kcal/kg as shown in Figure S1.
Therefore, the energy partitioning model can be written as follows:
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[4]

The energy partitioning p-ratio is given by the Forbes relationship 1, 7, 8:
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[5]

where
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[6]
While we have used the adult Forbes relationship to define the energy partitioning p-ratio in equations 5 and 6, the presence of a non-zero growth term, g(t), in equation 1 means that energy partitioning does not follow the adult Forbes model during growth. 
Energy Balance and Growth

Summing the energy partitioning equations 4 gives the energy balance equation:
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[7]
During normal growth, both body fat and fat-free mass increase with age at varying rates.  Using the reference body composition data for males and females, FFMref and FMref, equation 7 allows us to calculate the reference energy imbalance gap, 
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, during normal growth in males and females. The reference body composition time course also allows us to solve equation 4 for the required growth function to match the reference body composition data:
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[8]
If the reference body composition data during growth follow the adult Forbes relationship, the growth function g(t) = 0. 
By fitting to data in References 5 and 6, we obtained the following time dependent functions:
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[9a]
for girls, and


[image: image13.emf]


g t( ) ≈ 3.2e− t−4.7( ) +9.6e− t−12.5( )2 2(.94)2 +10e− t−15( )2 2(.69)2



EB t( ) ≈ 7.2e− t−5.6( ) 15 +30e− t−9.8( )2 2(1.5)2 + 21e− t−15( )2 2(2)2










gt ()

»

3.2

e

-

t

-

4.7

( )

+

9.6

e

-

t

-

12.5

( )

2

2(.94)

2

+

10

e

-

t

-

15

( )

2

2(.69)

2

EBt ()

»

7.2

e

-

t

-

5.6 ( )15

+

30

e

-

t

-

9.8 ( )

2

2(1.5)

2

+

21

e

-

t

-

15 ( )

2

2(2)

2




[9b]
for boys. 
Energy Expenditure

We previously presented a mathematical framework for modeling energy expenditure during tissue deposition and showed that the energy expenditure equation during growth can be harmonized with adult models.9  Therefore, our model of childhood energy expenditure rate, E, was modeled using the same general equation as the adult model 2, 3:
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[10]
where K is a constant determined by the initial energy balance condition, ηFM = 180 kcal/kg and ηFFM = 230 kcal/kg account for the biochemical efficiencies associated with fat and protein synthesis 9 assuming that the change of fat-free mass are primarily accounted for by body protein and its associated intracellular water 10. The parameter β = 0.24 accounts for adaptation of energy expenditure during a diet perturbation ΔI away from the reference energy intake associated with normal growth 9, 11as calculated by:
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[11]
The specific metabolic rate of fat tissue was
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= 4.5 kcal/kg/d 12. Because the relative proportion of fat-free mass due to high metabolic rate organs is much higher in childhood 12-14, we calculated
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using the specific metabolic rates of the organs multiplied by the rate of organ growth with respect to fat-free mass accretion according to the following equation:
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[12]

where γi and Mi are the average specific metabolic rate and mass of the organ indexed by i, respectively. The organs included liver (γL = 200 kcal/kg/d, 
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=0.0044), heart (γH = 440 kcal/kg/d, 
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=0.0058), and residual lean tissue mass (γR = 12 kcal/kg/d, 
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=0.96) as provided by Elia 12 and the organ growth rates were determined using data from Altman and Dittmer 15. 
While the resting metabolic rate per unit bodyweight is known to be significantly higher in children due to the relative increased contribution of high metabolic rate organs12-14, we found that accounting for normal organ growth with fat-free mass accretion during childhood resulted in a calculated value of 
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= 22 kcal/kg/d which is almost identical to the value used in our adult model 2, 3 . Thus, the predicted change in resting metabolic rate during the accretion of fat-free mass in childhood is in line with expectations from the adult model parameter values. 
Physical activity expenditure was assumed to be proportional to bodyweight and was represented by δ in equation 10. The physical activity parameter δ was assumed to be a decreasing function of age 18-21: 
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[13]

The parameter δmin = 10 kcal/kg/d was chosen to correspond to an average young adult. To match the estimated physical activity levels in males and females as a function of age, we chose the mid point of the decline in physical activity at P = 12 years and the rate of decline was set using a Hill coefficient h = 12.  The maximum physical activity, δmax, was chosen to be 19 kcal/kg/d and 17 kcal/kg/d in males and females, respectively. 
The closed form expression for the energy expenditure rate is given by:  
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[14]

Predicting Food Intake
For the model time dependent functions (9), the model fat mass and fat free mass will grow according to an average reference child for each sex.  We account for individual differences by adding or subtracting a fixed amount of energy excess or deficit per day.  The predicted food intake for each child is then estimated by using Newton’s method with empirical derivatives to optimize the food intake such that the body composition matches the data at the target age.  The initial intakes are estimated by assuming that the children have the same body composition at age 5 and then the model is time advanced to the age at the start of the study and matched to the body weight data.
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