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Adverse childhood experiences such as maltreatment or neglect are associated with mental health problems in
adulthood. Changes in the regulation of the psychological and physiological stress reaction, mediated via epigenetic modiﬁcations, are discussed as potential mechanisms. This study aimed to replicate the role of DNA
methylation of the KITLG gene in mediating the association between childhood adversity and stress-induced
cortisol reactivity in a sample of adults reporting childhood adversity and a matched control group (N = 60).
DNA was extracted from puriﬁed CD14+ monocytes and genome-wide DNA methylation was assessed with the
450k BeadChip for targeted replication and exploratory analyses. As previously reported, childhood adversity
was associated with signiﬁcantly lower cortisol reactivity to stress. We could neither replicate the association
between KITLG DNA methylation and cortisol stress reactivity nor the association with childhood adversity.
Moreover, DNA methylation of the target CpG (cg27512205) was not associated with KITLG mRNA expression in
monocytes. Exploratory analyses of array-wide DNA methylation patterns showed no signiﬁcant results for individual sites after correction for multiple testing – neither in association with childhood trauma nor with adult
cortisol stress reactivity. The analysis of diﬀerentially methylated regions (DMRs) revealed two signiﬁcant regions which both mapped to non-coding genes in the association with cortisol stress reactivity.
The mediating role of DNA methylation of the KITLG locus in the association between childhood adversity
and cortisol stress reactivity could not be replicated in monocytes. In addition to diﬀerences in investigated
tissue, reasons for non-replication might include diﬀerences between samples in age, ethnicity, trauma severity,
and cortisol reactivity.

1. Introduction
Severe psychosocial adversity in childhood such as exposure to
physical or sexual abuse, neglect or institutional deprivation is associated with poor mental health and neuro-developmental diﬃculties
later in life (Gilbert et al., 2009; Sonuga-Barke et al., 2017). This raises
the question of how the long-lasting health consequences of early adverse environments are sustained. Models addressing the question of
how the experience of early adversity becomes ´biologically embedded´
assume stable alterations in structure and function of diﬀerent regulatory systems, including those involved in executive functions of the

⁎

prefrontal cortex, emotion processing, aﬃliative processes, the immune
system, and stress regulation (Hertzman, 2012). Among these target
systems, the hypothalamic–pituitary–adrenal (HPA) axis, the organism’s major neuroendocrine stress system, has been studied most extensively. A large body of research has shown dysregulations of the HPA
axis in children and adults who were exposed to deprivation or abuse
(Koss and Gunnar, 2018; Kumsta et al., 2017; Lupien et al., 2009), and
in turn, alterations in HPA axis control and function have been associated with increased risk for a range of mental health problems
(Chrousos, 2009), suggesting a mediating role of this stress system in
the link between adverse childhood experience and disease risk in
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2. Materials and methods

adulthood (Heim et al., 2008). Reports investigating changes in HPA
axis function following early adversity have assessed both, stress reactivity and basal - or unstimulated - activity. Following psychosocial
stress exposure, reduced HPA axis reactivity has been observed in the
majority of studies (Carpenter et al., 2007; Elzinga et al., 2008; Lovallo
et al., 2011; MacMillan et al., 2009; Power et al., 2012; Schwaiger et al.,
2016), although increased HPA axis responses have also been reported
(Heim et al., 2000).
In the search for the mechanisms underlying long-lasting alterations
of HPA axis function, and more generally, increased disorder risk following the experience of adversity, epigenetic modiﬁcations such as
DNA methylation have emerged as potential mediators. Research using
rodent models has shown that the extent of maternal care determined
DNA methylation patterns in the regulatory regions of several genes
involved in the control of the HPA axis, including Crf (Chen et al.,
2012), Avp (Murgatroyd et al., 2009), and Nr3c1 (Weaver et al., 2004).
Low maternal care and the respective epigenetic changes were associated with HPA axis hypersensitivity and impaired negative HPA axis
feedback sensitivity.
Using post-mortem brain tissue, non-experimental studies in humans provide evidence for similar epigenetic alterations of the NR3C1
promoter region in individuals exposed to adversity early in life
(Labonte et al., 2012; McGowan et al., 2009). Furthermore, a growing
body of research has shown associations between early adversity and
altered DNA methylation in non-neuronal cells of NR3C1 (Argentieri
et al., 2017; reviewed by Turecki and Meaney, 2016) and other genes
involved in HPA axis regulation (Klengel et al., 2013; Non et al., 2016).
Given that the eﬀects of the early environment on epigenetic
modiﬁcations are unlikely to be limited to genes involved in direct HPA
axis control, a recent investigation performed an epigenome-wide
screen to identify diﬀerentially methylated CpG sites associated with
stress reactivity. Houtepen et al. (2016) found an association between
whole blood DNA methylation of one CpG at the Kit ligand gene
(KITLG) locus which was associated with the cortisol stress response to
the Trier Social Stress Test (TSST), and could replicate the ﬁnding in
two independent samples (one using whole blood, one buccal cells).
Importantly, KITLG DNA methylation mediated to a considerable extent
the link between childhood trauma and the cortisol stress response,
although this was only observed in the discovery sample. KITLG codes
for a ligand of tyrosine-kinase receptor encoded by the KIT locus. It is
involved in fundamental processes of cellular development such as
hematopoiesis (Su et al., 2013), neurogenesis and neuroprotection
(Zhao et al., 2007). There is some evidence for a possible role of KITLG
in HPA axis regulation. One study found an association between early
life stress and hippocampal Kitlg expression in mice (Suri et al., 2014).
In human cord blood, KITLG was found to regulate the expression of
NR3C1 gene following induced erythropoiesis (Varricchio et al., 2012).
One aim of the study was to replicate the association between KITLG
DNA methylation and cortisol reactivity, as well as its mediating role
between childhood trauma and the cortisol stress response, taking advantage of available data from a study that used the same instrument to
assess childhood adversity, the same psychosocial stress protocol, and
the same array to quantify DNA methylation levels. In contrast to the
previous report, we used a homogenous cell population, namely CD14+
monocytes. We chose to analyze monocytes as previous studies have
shown that among the heterogeneous leukocyte population, monocytes
were the most sensitive subtype for social conditions and traumatic
experiences, at least in terms of transcriptional alterations following
adversity (Cole et al., 2012, 2011; O’Donovan et al., 2011; Powell et al.,
2013). Another aim of the study was to explore associations between
DNA methylation, childhood trauma and cortisol stress reactivity, respectively, using an epigenome-wide association analysis.

2.1. Sample characteristics
The sample consisted of 60 healthy adults aged between 39 and 60
years who were recruited via articles in local newspapers and community-posted ﬂyers. The German 28-item version of the Childhood
Trauma Questionnaire (CTQ, Rodewald, 2005) was used to assess ﬁve
categories of childhood adversities (sexual, physical and emotional
abuse, as well as physical and emotional neglect). In order to classify
subjects as positive for a history of childhood adversity, CTQ cut-oﬀ
scores for moderate to severe exposure to traumatic experiences were
used. Experience of adversity was validated in a structured interview
with the Early Trauma Inventory (ETI, Heim, 2000). Participants who
met the criteria for mental disorders at the time of assessment or during
the preceding 12 months (screened for with Structured Clinical Interview for DSM Disorders (SKID I, Wittchen et al., 1996) were excluded
from study participation. The control group consisted of 30 participants
who scored below cutoﬀ on all CTQ subscales, and who were matched
for gender, age, and current SES as well as childhood SES. For both
groups, the use of psychoactive medication or hormone intake (e.g. oral
contraceptives) led to study exclusion. Participants were paid 100€ for
participation. The participants gave written informed consent to the
study procedures, and the study was approved by the ethics committee
of the Albert-Ludwigs University Freiburg (183/11). The study was part
of a larger project investigating the long-term consequences of childhood adversity, which included the assessment of hormonal and
genomic responses to stress, and the investigation of emotion recognition abilities (Schwaiger et al., 2016, 2018).
2.2. Stress response measures
Psychosocial stress was induced with the TSST, a standardized 15min stress protocol, which consists of a mock job interview and an
unanticipated mental arithmetic task (see Kirschbaum et al., 1993). All
experimental sessions started at 2 p.m. Blood samples for the analyses
of ACTH and cortisol were drawn via an indwelling catheter at 45 and 2
min prior, and 1, 10, 20, 30, 45, and 90 min post exposure to the TSST.
Total cortisol and ACTH concentrations were measured with an enzyme-linked immunosorbent assay (IBL, Germany) at the University of
Trier. Interassay and intrassay coeﬃcients of variation were both under
6.9 %. As previously reported, General Linear Models were computed to
assess the repeated measures eﬀect time, the between-subjects eﬀect
group as well as the interaction time x group for endocrine and subjective responses to the TSST exposure. Greenhouse-Geisser corrections
were applied where appropriate, and only adjusted results are reported.
In order to compare our results with those reported by Houtepen et al.
(2016), and in order to derive a continuous composite cortisol stress
measure for DNA methylation analyses, we used the area under the
cortisol response curve with respect to the increase (AUCi; Pruessner
et al., 2003). The AUCi was calculated using six time points (45 min
before the TSST and one minute, 10, 20, 30 and 90 min after the TSST).
One participant was excluded due to missing cortisol values. We also
calculated a baseline-to-peak measure by subtracting the value 45 min
before the TSST from the individual peak level in cortisol following the
TSST as a further indicator of the cortisol stress response.
2.3. DNA methylation and mRNA expression
DNA was extracted from CD14+ monocytes isolated via immunomagnetic cell separation (MACS; Miltenyi Biotec, Germany).
Purity of the isolated monocyte population was checked with ﬂuorescence-activated cell sorting analyses and showed high purity values
(mean = 92.92 %, SE = 0.59 (Schwaiger et al., 2016); see also Supplemental Fig. 1 for estimation of cell composition). Nonetheless, we
statistically corrected for the cell-type composition of the samples in the
2
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Quasi-Bayesian approach with 10,000 simulations as well subsequent
sensitivity analysis, highlighting potential non-considered factors which
inﬂuence both the mediator (DNAm) and the outcome (stress reactivity). As the mediation package is designed for the analysis of categorical predictors, we used the group variable (childhood adversity vs
controls) as predictor instead of creating arbitrary groups based on total
CTQ score.

linear models. Genomic DNA was treated with sodium bisulﬁte using
the EZ-96 DNA Methylation Kit (Zymo Research) following the manufacturers’ standard protocol. DNA methylation was quantiﬁed using the
Illumina Inﬁnium HumanMethylation450 BeadChip using an Illumina
HiScan System at the University of Saarbrücken. The samples were
randomized with respect to group status to avoid batch eﬀects. Illumina
Genome Studio software was used to extract the raw signal intensities
of each probe. RNA was extracted from CD14+ monocytes isolated from
EDTA blood samples collected at 45 min before, as well as 45 and 180
min after the TSST. Genome-wide transcriptional proﬁling was performed on the Agilent Whole Human Genome Oligo Microarrays 8 ×
60 K V2. All samples were randomized within and between arrays to
avoid potential batch eﬀects. The assays were performed at the Molecular Service Center (Miltenyi Biotech) following the manufacturer’s
standard protocol. Quantile-normalized gene expression values were
log2-transformed for further analyses. See Schwaiger et al. (2016) for
details. For targeted analysis of KITLG mRNA expression, we used the
only available KITLG probe on the array (Agilent probe ID:
A_24_P133253, RefSeq accession number: NM_000899).

2.7. Additional analysis
We further investigated the association between DNAm levels of the
KITLG locus and the mRNA expression levels at baseline. We analysed
whether the groups diﬀered in baseline as well as stress-induced KITLG
mRNA expression by investigating a 2 × 3 ANOVA with the betweensubject factor group (EA vs. CG) and the within-subject factor time.
2.8. Exploratory analysis
We investigated array-wide DNA methylation in association with
childhood adversity and adult cortisol stress reactivity using the limma
package as in the original study and using the minﬁ package for conﬁrmation. Because of the potential mediating eﬀects of DNAm on the
association between childhood trauma and adult stress reactivity, we
ﬁrst looked at the association between childhood trauma (predictor)
and DNAm (mediator), which diﬀers from the approach of Houtepen
et al. (2016), who ﬁrst investigated the association between DNA methylation and cortisol stress reactivity. We additionally investigated
diﬀerentially methylated regions (DMRs) using the bumphunter (Jaﬀe
et al., 2012) and DMRScan (Page et al., 2018) packages.

2.4. Statistical analyses
All analyses were performed using R version 3.6.1 (R Core Team,
2014), and preprocessing and statistical analyses were aligned to those
used by Houtepen et al. (2016).
For data import, preprocessing and analyses of DNAm we used the
minﬁ (Aryee et al., 2014), sva (Leek et al., 2018), wateRmelon (Pidsley
et al., 2013), DMRScan (Page et al., 2018), bumphunter (Jaﬀe et al.,
2012) and limma packages (Ritchie et al., 2015) from the Bioconductor
platform (Huber et al., 2015) and followed the workﬂow of Maksimovic
et al. (2016). Age and sex were included as covariates in all linear
models.

3. Results
3.1. Cortisol stress reactivity

2.5. Preprocessing
Mean CTQ score of the early adversity group was 67.1 compared to
35.5 in the control group (t 37.14 = -10.1, p < 0.001). Frequencies of
the experienced types of trauma in the early adversity group are shown
in Supplemental Table 1). As reported previously (Schwaiger et al.,
2016), the early adversity group showed signiﬁcantly lower cortisol
responses to the TSST (main eﬀect group: F1, 56 = 5.97, p = 0.018, η2
= 0.076; interaction: F6, 336 = 3.13, p = 0.005, η2 = 0.013). There
was a negative association between the total CTQ score and the cortisol
AUCi (β = - 0.251, p = 0.064), used as a composite stress measure to
enable comparison with Houtepen et al. (2016). Furthermore, the TSST
was associated with increased self-reported psychological stress, measured by tense arousal, self-directed emotions, and anxiety; all
F > 2.86, all p < 0.03, all η2 > 0.013. However, there were no diﬀerences between the two groups, nor was there an interaction between
group by time (all F < 1.8, all p > 0.18; all F < 0.42, all p > 0.79,
respectively).

Quality control of array-wide DNA methylation with the minﬁ
package indicated that none of the participants had more than 1% of
failed probes or a mean detection p-value > 0.001. 4,850 probes with a
detection p-value > 0.001 in 1% of samples and 279 probes with a bead
count < 3 in 5% of samples were removed using the wateRmelon
package. Furthermore, probes located on sex chromosomes, probes
with SNPs within 10 base pairs of the primer with a minor allele frequency > 5% and cross-reactive probes were removed, resulting in a
ﬁnal set of 408,145 CpGs.
DNA methylation was examined using the m-values, which meet the
assumptions of homoscedasticity of residuals (Du et al., 2010). The
beta-values were used for graphical presentation of DNA methylation.
BMIQ normalization was performed using the wateRmelon package as
in the original study. Comparison of the non-normalized and the normalized data highlighted one participant as an outlier, which was excluded from all analyses.
MDS plots of principal components were inspected visually for
identiﬁcation of batch eﬀects (array and position) using the minﬁ
package. We corrected for the previously identiﬁed batch eﬀects using
the ComBat procedure as implemented in the sva package.

3.2. DNA methylation
The association between childhood adversity and DNA methylation
of the target KITLG cg27512205 could not be replicated, using both the
CTQ score as a continuous measure (β = −0.032, p = 0.817; Fig. 1A),
or the dichotomous group variable (t56 = −0.082, p = 0.935).
Furthermore, the association between cg27512205 DNA methylation and adult cortisol stress reactivity could not be replicated (β =
−0.061, p = 0.653; Fig. 1B). The baseline-to-peak of the cortisol reaction as additional indicator of the cortisol stress response did also not
reveal an association with DNA methylation of KITLG cg27512205 (β
= -0.062, p = 0.653).
Results of the mediation analysis (Fig. 2) showed a signiﬁcant direct
eﬀect between childhood adversity and adult stress reactivity (p =
0.009), but no mediating eﬀect of cg27512205 DNA methylation (p =

2.6. Replication analysis
For replication analysis, 19 CpGs annotated to the KITLG locus,
including target cg27512205, were retrieved. The association between
DNA methylation of cg27512205 and stress reactivity, and the association between childhood adversity and DNA methylation of the CpG
of interest was tested with linear regression models including age, sex
and cell composition as covariates. Subsequently, linear regression
models were run for all CpGs annotated to KITLG. Mediation analysis
was performed using the mediation package (Tingley et al., 2014), a
3
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Fig. 1. Panel A shows the association between DNA methylation of cg27512205 and CTQ scores. Panel B shows the association between DNA methylation of
cg27512205 and cortisol AUCi (both β > -0.07, both p > 0.65). EA: early adversity, CG: control group.

3.3. Association with gene expression
To test for potential functional eﬀects of cg27512205 DNA methylation on gene expression, we tested the association between DNA
methylation of the KITLG target CpG and mRNA expression at baseline.
However, the majority of the sample (69 %) showed very low KITLG
mRNA expression levels (-log2 value < 0.1), thus the associations are
reported only visually (Supplemental Fig. 2). Furthermore, changes in
KITLG gene expression were not associated with changes in cortisol
stress reactivity in both groups (EA: r = −0.11, p = 0.56; CG: r =
−0.26, p = 0.18; see Supplemental Fig. 3).
3.4. Exploratory analysis
Like Houtepen et al. (2016), we did not ﬁnd any signiﬁcant diﬀerentially methylated positions (DMPs) in association with both CTQ and
cortisol AUCi after False Discovery Rate (FDR) correction. Table 1
shows the ten strongest associations (based on p-value) between DMPs
and CTQ scores (A) and the ten strongest associations between DMPs
and cortisol AUCi (B).
The investigation of diﬀerentially methylated regions revealed two
signiﬁcant DMRs, each comprised of two CpGs, in the association with
adult cortisol stress reactivity (Fig. 4), but not with childhood trauma.
There were no signiﬁcant DMRs when using the package bumphunter.

Fig. 2. Graphical presentation of the mediation analysis testing the associations
between early adversity, DNA methylation of the KITLG locus, and cortisol
stress reactivity expressed as AUCi.

0.974; 0.05 % mediation). We extended our analysis to all other CpGs
annotated to the KITLG locus and found that none of the 19 remaining
CpGs showed a signiﬁcant association with total CTQ scores or with the
cortisol AUCi (Fig. 3) at gene-wide threshold (p = 0.00263).

Fig. 3. -log10 p-values for the association between 19 CpGs annotated to the KITLG locus, CTQ scores (ﬁlled circles), and cortisol reactivity (white circles). Squares
indicate the target CpG cg27512205. Solid line indicates the gene-wide corrected level of signiﬁcance (p = 0.00263).
4
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Table 1
Top ten strongest associations between DNA methylation and childhood trauma (A), and adult cortisol reactivity (B).
A
CpG
ch.7.2782052F
cg19689211
cg19987219
cg10842126
cg22877366
cg24348107
cg04458023
cg07903677
cg20622089
cg07368661

B
Gene/ location
EXOC4
KIAA1244
KNCN
PLA2G12B
Chromosome 1
OSBPL9
LRP1B
KCNA3
CNR1
CASKIN2

B
−2.607
−2.964
−3.474
−3.619
−3.655
−3.675
−3.691
−3.742
−3.768
−3.874

P-Value
0.000398
0.000578
0.000989
0.001152
0.001196
0.001222
0.001242
0.001311
0.001348
0.001508

FDR
0.999
0.999
0.999
0.999
0.999
0.999
0.999
0.999
0.999
0.999

CpG
cg23284931
cg04788372
cg08295608
cg16453673
cg16086416
cg03293732
cg21312412
cg18181034
cg04747382
cg02531516

Gene/ location
SPON1
PFKP
C14orf79
APPL2
Chromosome 5
IKZF3
VSNL1
Chromosome 7
SMPD3
Chromosome 1

B
3.897
3.642
3.6
3.494
3.325
3.262
3.193
2.743
2.68
2.629

P-Value
8.783 ×
9.906 ×
1.626 ×
1.922 ×
2.152 ×
2.876 ×
3.519 ×
4.470 ×
6.305 ×
6.656 ×

10−6
10−6
10−5
10−5
10−5
10−5
10−5
10−5
10−5
10−5

FDR
0.996
0.996
0.996
0.996
0.996
0.996
0.996
0.996
0.996
0.996

and adult stress reactivity. Furthermore, there was no association between childhood adversity and KITLG DNA methylation, and no association between KITLG DNA methylation and cortisol stress reactivity.
Several factors might explain the diverging results, as the present study
diﬀered from the original discovery and the two replication samples in
several aspects, including age of participants, severity of trauma exposure, cortisol measures, and investigated tissue (Table 2). Thus, the
present study cannot be regarded as an exact replication, but rather a
conceptual one.

Both DMRs are annotated to non-coding genes (LINC01725/ MIR548AP
and LOC101929241) and no mRNA expression levels of corresponding
transcripts were available. Moreover, we found no mediating role of
these DMRs in the association between childhood adversity and stress
reactivity, as the DNAm patterns were not related to childhood trauma.
4. Discussion
Epigenetic modiﬁcations have been discussed as a potential mechanism involved in the link between exposure to childhood adversity
and altered stress reactivity in adulthood. Animal studies as well as
human studies have provided ﬁrst evidence for an association between
altered DNA methylation of genes important for HPA axis regulation
and cortisol stress reactivity. Using an unbiased genome-wide approach, DNA methylation at the KITLG locus in two tissues - whole
blood and buccal cells - was recently found associated with the cortisol
stress response (Houtepen et al., 2016). Furthermore, it was shown that
the link between childhood adversity and cortisol reactivity was
mediated via KITLG DNA methylation. This was found in the discovery
sample only, whereas the two replication samples could conﬁrm the
association between DNA methylation and the cortisol stress response,
but not the association between childhood adversity and DNA methylation, nor the mediation eﬀect.
The aim of the current study was to replicate these ﬁndings using a
highly similar design, albeit assessing DNA methylation in a homogeneous cell population (isolated CD14+ monocytes), to control for the
major confound of cellular heterogeneity (Jaﬀe and Irizarry, 2014). The
second aim was to perform an exploratory EWAS to uncover possible
new associations between DNA methylation and childhood adversity
and adult cortisol stress reactivity, respectively.
Whereas the present study provided additional support for the wellestablished association between childhood adversity and long-term alteration in HPA axis reactivity, we could not replicate the ﬁnding of
KITLG locus DNA methylation as a mediator between childhood trauma

4.1. Diﬀerences between the studies
Participants in this study were recruited based on the experience of
severe early adversity. This diﬀers from the recruiting procedure of the
discovery sample and replication sample 2, where convenience samples
were used. This explains the comparably much lower CTQ values reﬂecting much lower degree of childhood adversity in these cohorts
compared to the present sample. The ﬁrst replication sample included
some individuals with exposure to childhood trauma, with similar mean
CTQ scores and ranges compared to the present sample. With regard to
cortisol AUCi values, the discrepancy between studies can be explained
by diﬀerent biomaterial for cortisol assessment, i.e. saliva in discovery
and replication 2, and serum in replication sample 1 and the present
study. The major diﬀerence between the studies is certainly the studied
tissue. In our study, DNA methylation levels were assessed in in puriﬁed
CD14+ monocytes, whereas the previous studies used more heterogenous tissues with cell type-speciﬁc DNA methylation levels (Reinius
et al., 2012). Houtepen et al. (2016) performed a statistical correction
for cell type composition, however, it is still debated whether these
methods can fully account for cellular heterogeneity (Jaﬀe and Irizarry,
2014; Marabita et al., 2013).

Fig. 4. Associations between cortisol stress reactivity and DNA methylation of diﬀerentially methylated regions (DMRs). As the CpGs within the DMRs showed strong
correlations (r = .80 & r = .91, respectively), we calculated the mean DNA methylation values of the DMRs.
5
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Table 2
Sample characteristics in comparison to previous studies.
Characteristics

Discoverya

Replication 1b

Replication 2c

Present Study

N
Sex (% of female)
Mean Age (range)
European descent (%)
Mean CTQ (range)
Mean cortisolAUCi (range)
Cortisol assessment
Mean cg27512205 methylation in % (range)
StudiedTissue (DNA)

85
50.5
33 (18–69)
100
31.9 (24–63)
242 (−1030 to 1876)
Saliva
0.15 (0.12 to 0.19)
Whole blood

45
80
28 (19–45)
38
56.8 (25–110)
1185 (378–2045)
Serum
0.14 (0.11 to 0.18)
Whole blood

255
45
17 (15–18)
100
not indicated
−37 (−426 to 313)
Saliva
0.09 (0.07 to 0.12)
Buccal cells

58
65.5
52 (39–60)
100
51.46 (25–106)
1489 (−13151 to 18985)
Serum
0.12 (0.10 to 0.14)
CD14+ Monocytes

Annotation. N = sample size. CTQ = childhood trauma questionnaire. AUCi = area under the curve with respect to the increase. aHoutepen et al. (2016). bHeim et al.
(2009). cRADAR-Y (Research on Adolescent Development and Relationships Young cohort) study.

well as collaborative eﬀorts to combine existing studies with available
DNA methylation and cortisol stress reactivity data are warranted to
conduct robustly powered EWAS. Furthermore, prospective-longitudinal studies, where DNA methylation is assessed proximal to the
exposure of childhood adversity and not years to decades later, might
increase chances of identifying a mediating role of epigenetic alterations in the long-term eﬀects of early adversity.

4.2. Statistical power
Given the small sample size, low statistical power could also explain
the missing associations between DNAm of the KITLG locus and CTQ as
well as with cortisol AUCi. However, the reported eﬀects from
Houtepen et al. (2016) are strong (model ﬁt: R² = 0.34) so that we had
suﬃcient power to detect such eﬀects (1- β = 0.97).
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4.3. Exploratory array-wide analyses
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Exploratory analysis showed no signiﬁcant diﬀerentially methylated
positions after FDR correction associated with childhood adversity or
cortisol reactivity. As the power to identify small eﬀects at single CpGs
sites was small, we also conducted regional analyses, which utilize
patterns of co-correlation between nearby CpG sites and require less
power (Jaﬀe et al., 2012). The two identiﬁed DMRs both mapped to
long intergenic non-protein coding RNA, whose function remains obscure. One previous study reported hypermethylation of a DMR around
LOC101929241 associated with increased prenatal phthalate exposure
(Solomon et al., 2017).

Appendix A. Supplementary data
Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.psyneuen.2020.
104653.

5. Conclusions
References
In conclusion, the recently reported mediating role of DNA methylation in the association between childhood adversity and cortisol stress
reactivity could not be conﬁrmed in the present study. It is of note that
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