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Reply to Suderman et al.: Importance of
accounting for blood cell composition in
epigenetic studies
In our paper (1), we primarily questioned
whether the statistical approach used by
Borghol et al. (2) was justiﬁed, because treating neighboring probes as independent can
lead to inﬂated P value signiﬁcance. We are
glad to see that in their Letter, Borghol et al.
do not dispute this (3). We are also pleased
that Borghol et al. concur with our concerns
regarding their description of procedures for
determining the false-discovery rate (FDR)
(1, 3). A thorough description of the FDR
approach is of great importance in studies
that measure many events such as genomewide CpG methylation in small cohorts.
We acknowledge the efforts by Borghol
et al. (2) to account for individual differences
in blood cell composition by comparing their
proﬁles to publically available proﬁles of isolated B and T cells obtained on different
DNA-methylation assay platforms. With that
being said, we do not feel that their approach
sufﬁciently addressed this issue and its potential for confounding socioeconomic status
(SES)-dependent correlations. Speciﬁcally,
we note that lymphocytes (which include
T and B cells, as well as natural killer cells)
typically constitute 20–40% of the leukocytes
in most adult whole-blood samples. Most of
the remaining cells are granulocytes (typically 40–70%). In studies like ours that use
peripheral blood mononuclear cells, granulocytes are removed by centrifugation before
DNA extraction. However, in studies of
whole blood, granulocytes remain in the
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sample, and their relatively high prevalence
raises concerns that these cells account for a disproportionately large percentage of the DNAmethylation signal, which, in turn, could
confound any association it shows with environmental variables like SES. For these reasons, we believe that differences between
individuals in granulocyte percentages need to
be accounted for, either by physically removing them before analysis or, at the minimum,
by statistically adjusting for their prevalence in
any correlation analysis. Unfortunately, Borghol et al. did not address the granulocyte
issue in their bioinformatics approach.
Last, we also note that Borghol et al. are
incorrect in asserting that the array we used
was biased toward cancer-related genes (3).
This was true for the initial Illumina GoldenGate array but not the Illumina Inﬁnium
HumanMethylation27 BeadChip used by us,
which contains 27,578 informative CpG sites
located in ∼14,000 promoter regions, thus
representing more than half of all human
genes (4).
Regardless, as we mentioned in our paper
(1), despite the differences, both of our studies support a general association of early-life
SES and adult DNA methylation. As such,
we agree with Borghol et al. that future studies, using appropriate statistics and larger
cohorts with well-characterized cellular material, may reveal many more CpG sites associated with early-life SES.
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