This archive provides information for fitting log-linear models and carrying out statistical tests for a design that includes samples of sibships with or without additional singleton cases, as described in the paper “Making use of missing parents and unmatched cases in case-sibling studies" M. Shi , D.M. Umbach, and C.R. Weinberg.  These analyses rely on LEM data analysis software, which was developed by J. K. Vermunt and can readily accommodate missing data through the Expectation-Maximization (EM) algorithm.  This document is adapted from the document of the “Hybrid Design” by Weinberg and Umbach. http://www.niehs.nih.gov/research/resources/software/biostatistics/hybrid/index.cfm
LEM software:

The LEM software used to run these programs and a manual describing its use are currently available for free download from: http://spitswww.uvt.nl/web/fsw/mto/lem/manual.pdf
Files in this archive:

Besides present read-me file, the zipped archive contains several file types:  <name>.inp are LEM input scripts and <name>.out are corresponding LEM output files.  Although these files have the non-standard extensions like '.inp', they may be viewed or edited with any program that will read and edit text files. We also included four example data files, tetrad.txt, penta.txt, 1sib.txt and 2sib.txt.

We have included a number of LEM input scripts. The models they will fit are as follows: 

tetrad.inp:
Log-linear model for testing genetic effects using sibships that include a case sibling and a control sibling under the alternative.
tetrad0.inp:
Similar to “tetrad.inp” but it fits the model under the null.
penta.inp:
Log-linear model for testing genetic effects using sibships that include a case sibling and two control siblings under the alternative.

tetrad0.inp:
Similar to “penta.inp” but it fits the model under the null.

1sibI.inp:
Log-linear model for testing gene-by-exposure interaction using sibships that include a case sibling and a control sibling under the alternative.

1sibI0.inp:
Similar to “1sibI.inp” but it fits the model under the null of no-interaction.  This script was also used to fit the alternative model for testing exposure main effects while adjusting for genetic main effects as described in the paper.

2sibI.inp:
Log-linear model for testing gene-by-exposure interaction using sibships that include a case sibling and two control siblings under the alternative.

2sibI0.inp:
Similar to “2sibI.inp” but it fits the model under the null of no-interaction. This script was also used to fit the alternative model for testing exposure main effects while adjusting for genetic main effects as described in the paper.

1sibIE0.inp:
Log-linear model for testing exposure main effects while adjusting for genetic main effects as described in the paper using sibships that include a case sibling and a control sibling under the null.

2sibIE0.inp:
Log-linear model for testing exposure main effects while adjusting for genetic main effects as described in the paper using sibships that include a case sibling and two control siblings under the null.

NOTE: Most parts of the scripts do not need to be changed.  The users do need to change the record number (“rec xxx”) and the filename of the data file (“dat xxx”) based on their input data file.  All LEM scripts can handle singleton cases.
We have included two output examples:

a. An LEM output file (2sibI.out) that results from running the script 2sibI.inp with the included data file, 2sib.txt.  
b. An LEM output file (2sibI0.out) that results from running the script 2sibI0.inp with the included data file, 2sib.txt. 
The data files, tetrad.txt, penta.txt, 1sib.txt and 2sib.txt contain calculated expected cell counts (hence, the fractional counts). 
Data file format:

LEM offers several ways to input data. For example, one can include a single record for each triad or input a table (see the LEM manual for descriptions). We have elected to use a format where we provide an observed count for each type of sibships. Thus, for compatibility with the LEM scripts included here, the data file must have the following variables in each record and the variables must appear separated by at least one space in the order given:
The five columns in the “tetrad.txt” file are:
Mother’s genotype:
here ‘9’ was used to code for a missing value. Because we only have data from sibships the column is 9 for all records. (Because LEM allows '0' as a missing value indicator but not as an index value, we must avoid coding with the more directly mnemonic values for genotype.)

Father’s genotype:
here ‘9’ was used to code for a missing value. Because we only have data from sibships the column is 9 for all records
Case-sib’s genotype:
where ‘1’ codes for 0 copies, ‘2’ codes for 1 copy, or ‘3’ codes for 2 copies of the variant or ‘9’ codes for a missing value. 

Control-sib-1’s genotype:
where ‘1’ codes for 0 copies, ‘2’ codes for 1 copy, or ‘3’ codes for 2 copies of the variant or ‘9’ codes for a missing value. 

Count:               
number of sibhsips observed with the given disease status, and mother, father, child genotypes. (Normally, these counts would be integers; but, in the example data that we include, they are expected counts, and hence non-integers.)

  The first four columns of “penta.txt” are the same as the first four columns of “tetrad.txt”.  The fifth column is the “Genotypes of control-sib-2” and the coding is the same as that of the case-sib’s. The last column is the “Count”.
There are seven columns in “1sib.txt”.  The last five columns are the same as the five columns in “tetrad.txt”. The first two columns are:

Exposure stratum:       exposure stratification parameter.  It holds the value of the total number of exposed siblings in a sibship plus one.
Case exposure:          exposure status of the case sibling where “1” codes for unexposed and “2” codes for exposed. 

The last six columns of “2sib.txt” are the same as the six columns in “penta.txt”. The first two columns are:

Exposure stratum:       exposure stratification parameter.  It holds the value of the total number of exposed siblings in a sibship plus one.
Case exposure:          exposure status of the case sibling where “1” codes for unexposed and “2” codes for exposed. 

Features of LEM output files:

LEM output files are fairly easy to interpret.  Suppression of some of the default output, as we have done, yields three sections to the output file.  In the first section, the output file recapitulates the input script so a record of what model is fit to what data file is readily available.  The second section provides information associated with the fitting process and several goodness-of-fit measures (see the manual for more details) although a number of these statistics have little utility or are hard to interpret in the context of the models that we are fitting.  For our purposes, the key value that this section contains is the log-likelihood.  The third and final section provides parameter estimates and their standard errors (SE) (SE is not available when ‘mar’ command is used).  Of course, these log-linear parameter estimates must be exponentiated to estimate relative risks, provided under column heading ‘exp(beta)’.  
Construction of likelihood ratio statistics:

The building blocks of likelihood ratio test (LRT) statistics are the log-likelihood values from the LEM output files.  Generically, the LRT statistic is given by: 2 times the difference of the log-likelihood for the model under the alternative minus the log-likelihood for the model under the null.  The smaller model must be nested within the larger model, which means that its predictors are a proper subset of those used in the larger model.  To derive LRT statistics from LEM output, one must run the program twice, once for each model in the pair, extract the log-likelihood from the respective outputs, and construct the LRT statistic by hand.  The test is completed by comparing the LRT statistic to a chi-squared reference distribution with degrees-of-freedom equal to the difference in the number of parameters between the two models.

