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History of Human Weight Change Models 
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dU = δQ – δW
Robert von Meyer 1841

Energy Input = Energy Output +/- Energy Storage

Energy Output = Energy Input +/- Energy Storage

Energy Storage = Energy Output – Energy Input

How much does the person eat?   

How much energy does the       
person expend?

How much weight does the     
person lose?

d(ρW)/dt =I-E



VT (MT)

Fat

FFM
MT = MF + MFFM

1/Db = MF / DF + MFFM / DFFM

MF = 4.97 × VT − 4.52 × MT

Two-Compartment Body Density Model - 1942

DFFM = 1.10 kg/L

DF = 0.90 kg/L

Db = MT / VT
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Energy Expenditure Evaluated in Respiratory Chamber 
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http://www.dietsinreview.com/diet_column/08/what-we-can-learn-from-the-minnesota-starvation-study�


EE ∝ SA

EE ∝ M0.66

Rubner’s Surface Area Law - 1883





• Luciani & Bufalini: 
“equilateral hyperbola” 

• Benedict and EH Lange



Minnesota Experiment: 1950 



∆W = W0-∆EI x (1/3500) x T

Wishnofsky’s Rule: 1958

The theoretical value of one pound (454 g) of 
adipose tissue is 3,750 ‘ In clinical studies by 
Strang et a!.’ on weight reduction on obese 
individuals who were on a low-calorie diet a 
value of 3,500 cab was obtained for each 
pound of body weight lost. The conclusion 
can be drawn that 3,500 is the caloric value of 
one pound of body weight lost.
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W(t) = W0•[fI •e-λΙt +  fII •e-λΙΙt]

Phase I                             Phase II

Stabilization

t1/2:
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Protein Loss During Fasting
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The quality of a scientific field depends on how well the mathematical 
models developed on the theoretical side agree with results of repeatable
experiments. 

Lack of agreement between theoretical mathematical models and experimental 
measurements often leads to important advances as better theories are developed.
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