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[ Introduction ]

Measures of body composition, such as Lean Body Weight (LBW), have been
recommended to scale drug dosing in patients who are obese [1]

The current estimate of LBW [2] has been shown to be inconsistent at
extremes of body size [3]

Fat free mass (FFM) can be measured using dual energy X-ray
absorptiometry (DXA). LBW cannot be measured experimentally.

LBW differs from FFM by < 3-5%. FFM unlike LBW excludes lipids in cellular
membranes. Generally FFM and LBW are considered interchangeable.

[ Aim }

To develop a semi-mechanistic model for predicting FFM from subject
characteristics in a population that includes extremes of size

[ Model Building }

Two datasets were available: (1) an index dataset used for model building and
(2) an evaluation data set used for external evaluation.
The index data set had 2 response measures: bioimpedance (Z) and FFM
(kg) — see Table 1 for demographics
Four models were built

i. Semi-mechanistic model to predict Z from subject characteristics

ii. Empirical model to predict Z from subject characteristics

iii. Semi-mechanistic model to predict FFM from Z

iv.Empirical model to predict FFM from subject characteristics
Models (ii) and (iv) were used to assess predictive loss associated with
assuming a priori the model form for the semi-mechanistic models

Table 1
Characteristic

Index data set Evaluation data set
(n =303) (n =70)
M:F 146:167 22:48
Age 18-82 21-64
Normal weight:overweight 88:216 24:46
BMI kg/m? 17.1-69.9 18.7 - 38.4
Weight (kg) 41-196 48 — 132
Response variables
Bioimedance (Z)* 303 samples N/A
KFFM (kg)t 122 samplest 70 samples /

* measured by Bodystat 1500 at a single frequency (50 kHz)
+ measured by dual X-ray absorptiometry
+ 2 samples from each of 61 subjects

Structural form of semi-mechanistic models:

Z:

Assuming that fat mass is evenly distributed through the body then
impedance (Z) to an electrical current can be approximated:
Z o« Height / A x density oc BMI% (A = cross-sectional area)

FFM: FFM has been described as inversely proportional to Z by:

FFM oc Height? / Z

(Fio.2

The loss of information associated with assuming the structural form
for the semi-mechanistic models was computed as:

MSEj 45 =1— MSEsemi—mechanistic

MSEempiricaI

The empirical models were built by multiple regression with up to 10
terms with second level interactions using NCSS (2001)
The semi-mechanistic model for Z was built by splitting the index data set
into 5000 cross-validation data sets (each data set comprised 90% model
building and 10% evaluation) using MATLAB (ver 6.5 release 13)
The semi-mechanistic model for FFM from Z was built using linear mixed
effects modelling using NONMEM (ver 5)

[ Results }

Final model to predict FFM [combining models (i) and (iii)]

9.27 x10° x weight
8.78 x10° + 244 x BMI

9.27 x10 3 x weight
6.68 x10°% + 216 x BMI

The information loss for the semi-mechanistic model for Z was 6%, and
for the semi-mechanistic model for FFM was 26%

Results of external evaluation (Fig. 1)

FFM male = FFM femae =

Fig. 190 ©
w _w
E y L -
e = fe
k) EE)
ia . o
L i
2% 2
0 @ w o W % n % @ s @ 0 @ %
Predicted FFM (kg)
Male Female
r? 0.72 0.61
ME (95% Cl) -2.74 (-4.76, -0.73) 3.90 (2.55, 4.88)
RMSE (95% Cl) 5.35 (3.69, 6.61) 1.14 (0.07, 2.20)

e Comparison of LBW calculated by the current equation [2] and LBW
calculated by the new equation (Fig. 2)

[ Conclusions }

* A semi-mechanistic model has been developed to predict FFM (and

therefore LBW) from easily accessible patient characteristics. This model
has been prospectively evaluated and shown to have good predictive
performance.
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