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estimate_R Estimate Covariance Matrix of Study Z-scores

Description

The default "median" estimator is expected to be more robust to outliers (present due to causal
variants and linkage disequilibrium). For completeness, the more standard "mean" estimator is also
implemented, which is better when there are no outliers. The determinant is also tested, and if its
absolute value is less than tol an error is triggered, warning the user that perhaps the same study
was included multiple times (as this is otherwise expected to be extremely rare).

Usage

estimate_R(Z, median = TRUE, tol = 1e-08)

Arguments

Z Matrix of z-scores, loci along rows, S studies along columns. Missing values
can be present and are appropriately ignored.

median If TRUE, uses rho_from_median() to calculate covariance values from sample
medians; otherwise, sample means are used.

tol Determinant tolerance for singularity test

Value

The S-by-S covariance matrix.

See Also

rho_from_median()
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Examples

# simulate some correlated Z-scores for 3 studies and `m` loci
m <- 10000
# true correlation matrix
R <- matrix(

c( 1.0, 0.2, 0.0,
0.2, 1.0, 0.1,
0.0, 0.1, 1.0 ),

nrow = 3, ncol = 3
)
# use Cholesky decomposition to simulate via affine transform
L <- chol( R )
Z <- matrix( rnorm( m * 3 ), nrow = m, ncol = 3 ) %*% L

# calulate estimates
estimate_R( Z )
estimate_R( Z, median = FALSE )
# compare to naive covariance estimate, which does not assume zero mean for z-scores
cov( Z, use = 'pairwise.complete.obs' )

metalcor Meta-Analysis of Correlated Genetic Association Studies

Description

This function accepts the summary statistics from several studies, estimates their z-score correlation
matrix, and performs the meta-analysis taking those correlations into account.

Usage

metalcor(
studies,
median = TRUE,
df = 1,
tol = 1e-08,
useid = FALSE,
noswitch = FALSE

)

Arguments

studies A list of S studies, each of which is a data frame with the following required
columns: chr, pos, ref, alt, beta, se, n. Column names have to match exactly.
chr, pos, ref and alt are jointly used to match variants between studies (they
must be unique for different variants, and be the same for the same variant),
except if noswitch = FALSE (default) then ref and alt values may be switched
in different studies. chr and pos are also used to sort variants after the studies
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have been merged (please have numeric chr for best results). beta and se are
required to perform meta-analysis. n is used to report locus-specific total sample
sizes under missingness.

median If TRUE (default), estimates correlations from sample medians instead of means.
Passed to estimate_R().

df Degree of freedom for calculating the p-values from the z-scores (default of 1 is
best practically always).

tol Determinant tolerance for singularity test of R estimate

useid Additionally use IDs for matching and in outputs. If FALSE (default), IDs are to-
tally ignored, even if inputs had them. If TRUE, id will be used to match variants
(together with chr, pos, ref, alt), and there will be id in the output. IDs can be
useful when ref/alt switches are allowed, to better disambiguate matching allele
pairs, especially for unstandardized indels.

noswitch Do not allow ref and alt switching. Default is to attempt to switch them for a
locus and study if matching failed otherwise. noswitch = TRUE can be a good
idea if you’re sure most or all of your data is aligned to reference, or when
insertions and deletions both appear and are symmetric (for example, in one
allele pair "A/AB" and another "AB/A"), which can result in confusion.

Value

A list with two named elements:

• assoc: the meta-analyzed study, a tibble with columns id (if useid = TRUE), chr, pos, ref,
alt, n, n_studies, beta, se, z, and p; sorted by chr and pos. If noswitch = FALSE (default),
ref and alt values are those of the first study in which each variant appears, and if a subse-
quent study has then switched, the variant is aligned by changing the sign of its beta prior to
meta-analysis.

• R: the S-by-S estimated z-score covariance matrix

See Also

estimate_R()

Examples

# construct two toy studies just to run example, with minimal columns
study1 <- data.frame(

chr = 1,
pos = 1:5,
ref = 'A',
alt = 'G',
n = 2000,
beta = rnorm( 5 ),
se = abs( rnorm( 5 ) )

)
# note the second study is missing the 5th SNP, this is fine
# also, the 4th SNP is has switched ref/alt values
study2 <- data.frame(
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chr = 1,
pos = 1:4,
ref = c( 'A', 'A', 'A', 'G' ),
alt = c( 'G', 'G', 'G', 'A' ),
n = 5000,
beta = rnorm( 4 ),
se = abs( rnorm( 4 ) )

)

# gather the studies in a list
studies <- list( study1, study2 )
# this performs the meta-analysis modeling covariance!
out <- metalcor( studies )
# this is the meta-analyzed association table
out$assoc
# and this is the estimated study covariance matrix
out$R

prodcor The Correlated Standard Normal Product Distribution

Description

Density, cumulative, quantile, and random generation for the product of two correlated standard
normal variables with correlation parameter rho.

Usage

dprodcor(x, rho)

pprodcor(x, rho, eps = 1e-08)

qprodcor(p, rho)

rprodcor(n, rho)

Arguments

x Vector of quantiles.

rho Correlation parameter, must be a scalar in [-1, 1].

eps Near zero value to use for integrating around the divergence at x=0.

p Vector of probabilities.

n Number of observations. If length(n) > 1, the length is taken to be the number
required.
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Details

pprodcor does not have a closed form, so it is calculated by numerical integration of dprodcor.
Furthermore, dprodcor(0) is infinite, so in order for numerical integration to succeed, we exclude
the window c(-eps, eps) for arguments near zero. eps is the initial value, but if failure is still en-
countered, eps is incremented by factors of 10 until successful. (For positive arguments integration
from above is used instead, subtracted from 1.) qprodcor also does not have a closed form, so it is
calculated using a root finder on pprodcor, which makes it very slow.

Value

dprodcor gives the density, pprodcor the cumulative, and qprodcor the quantile function. rprodcor
generates random deviates. The length of the result is determined by n for rnorm, and it is the length
of x or p for the other functions.

References

Nadarajah, Saralees, and Tibor K. Pogány. “On the Distribution of the Product of Correlated Nor-
mal Random Variables.” Comptes Rendus Mathematique 354, no. 2 (2016): 201–4. doi:10.1016/
j.crma.2015.10.019.

Gaunt, Robert E. “The Basic Distributional Theory for the Product of Zero Mean Correlated Normal
Random Variables.” Statistica Neerlandica 76, no. 4 (2022): 450–70. doi:10.1111/stan.12267.

Examples

n <- 10
x <- rnorm( n )
p <- runif( n )
rho <- 0.8
dprodcor( x, rho )
pprodcor( x, rho )
qprodcor( p, rho )
rprodcor( n, rho )

rho_from_median Estimated Correlations from Sample Medians of the Correlated Stan-
dard Normal Product Distribution

Description

This code implements estimation from the sample median of the correlation of a product of two
correlated standard normal variables. While this estimation is straightforward from the mean, using
the median requires the transformation implemented here because the distribution has heavy tails, so
for positive correlations the median is much smaller than the mean. The median version is desired
due to its robustness to outliers.

https://doi.org/10.1016/j.crma.2015.10.019
https://doi.org/10.1016/j.crma.2015.10.019
https://doi.org/10.1111/stan.12267
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Usage

rho_from_median(x)

Arguments

x vector of sample medians

Details

The highest correlation of rho = 1 results in a median of only q~0.455. To permit application to
arbitrary data, including data that does not satisfy assumptions and is therefore inflated, the function
returns x/q for elements whose absolute values of x/q exceed 1, and can therefore return values that
exceed [-1, 1].

Value

Vector of estimated correlations, extended for inflated cases.

See Also

qprodcor()

Examples

# a large number of samples is required for the median to yield an accurate estimate
n <- 10000
rho <- 0.3
x <- median( rprodcor( n, rho ) )
rho_from_median( x )
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