Appendix
When one variable is considered, the measurement error model is:

Yij = yi + εij = µ + αi + εij , Observed = True + Error,

   N(μ, σ2BP)   N(0, σ2e)

Where variance Yij ( = σ2Total) = σ2BP + σ2e , i = person, j = measurement on person.
The multivariate measurement error model could be written as:

Y1ij                  y1i                  ε1ij
  .                       .                    .

  .          =           .          +        .    

  .                       .                    .

Ykij                   yki                 εkij

                       N(μ, ΣBP)   N(0, Σe)

ΣTotal = ΣBP + Σe
When one variable is considered the measurement error model for choline could be slightly expanded, with a a center effect and also systematic visit differences:
Cholineijl = µ + αi + ß Visitij + γl Centeril + εij ,                                                         (1)

where Cholineijl is the dietary intake of choline, i = person, j = visit and l = center (from the repeatability matrix). The person random effect was calculated using a population with a normal distribution with mean zero and variance σB2, and the visit effect will be calculated assuming a population normally distributed with mean zero and within person variance σe2. The variance and the covariances are obtained from the covariance matrix of equation 1:

Var (Cholineij) = Var (αi + ε) = Var (αi) + Var (ε) = σB2 + σe2 = σT2,

Cov (Cholinei1, Cholinei2) = Cov (αi + εi1, αi + εi2) = Cov (αi, αi) + Cov (αi, εi1) + Cov (αi, εi2) + Cov (εi1, εi2) = Var (αi) = σB2 = between person variance,

assuming αi and ε independent, as well as εi1 and εi2 independent. The reliability coefficient, ρ, is: Corr (Cholinei1, Cholinei2) = Cov (Cholinei1, Cholinei2) / Var (Cholineij) = σB2 / (σB2 + σe2). This could be obtained with SAS Proc Mixed, where σB2 is CS (ID) and the σe2 represents RESIDUAL.

We considered our sample from two visits from ARIC as a normally distributed population with the following mean and variance:

 cholinei1                                         σ12 σ12 
                           ~   N   mean, 

 cholinei2                                         σ12 σ22 
where ith subject, and 1 = visit 1, 2 = visit 2. The term σ12 represents the between visits covariance and σ2 the total variance (between-person plus error).
When another nutrient or nutrient-related variable (for example, calories) is considered in the vector, and the visit and center term included:

Cholij               μch+αch+ßchVisit+ΣγchCenterch+εchij
                 =

Calij                  μcal + αcal + ßcalVisit + ΣγcalCentercal + εcalij
where chol = choline, cal = calories.

Therefore:

 αch,i                             0                 σB,ch2 σB,ch,cal 
                ~   N               , 

 αcal,i                             0                σB,ch,cal σB,cal2 

εch,i                           0                 σe,ch2 σe,ch,cal 
              ~     N            , 

εcal,i                           0                σe,ch,cal σe,cal2 
With two nutrients and two measurements, we have:


        choli1             σch2       ρchσch2 

Var  choli2   =      ρchσch2     σch2
        cali1               σchcal   σchcalB           σcal2 
        cali2               σchcalB  σchcal           ρcalσcal2    σcal2
where σch2 = σB,ch2 + σe,ch2 and σcal2 = σB,cal2 + σe,cal2;

where Cov (Choli1, Choli2) = ρch σch2 and Cov (Cholij, Calij) = σchcal = σchcalB + σchcale;

and where Cov (Choli1, Cali2) = σchcalB .
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