Supplementary Note 1: Derivation of metabolic BMI delta (mBMIΔ)
Let  be the vector of BMI measurements ,  is a matrix of all predictors (intercept + lipid species + covariates; ). We create a regularized linear model of BMI to estimate the predictor beta coefficients:

This is equivalent to minimizing the equation:

Using these estimated beta coefficients, the predicted BMI is calculated:


We then proceed to estimate predicted BMI () using actual BMI measurements, using the model: 

Where  is a scaling factor and  is the intercept. The mBMIΔ (residual) can be expressed as:

Estimation of predicted BMI involves minimizing the equation:

Substituting predicted BMI for our original model:



We can see the least squares solution involves scaling the predicted BMI beta coefficients. This explains why the plot of the beta coefficients (Figure 2E) produces a straight line.  The larger coefficients observed with mBMIΔ compared to BMI result from the fact that the variance in the mBMIΔ can be fully explained by the lipid species whereas only ~60% of the variance in BMI is explained by the lipid species. 


