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Abstract
Objective—To examine epigenetic processes linking childhood sex abuse to symptoms of
Antisocial Personality Disoder (ASPD) in adulthood, the authors investigated the possibility that
the link between childhood sex abuse and DNA methylation at the 5HTT promoter might represent
a pathway of long-term impact on symptoms of ASPD.

Method—DNA was prepared from lymphoblast cell lines derived from 155 female participants in
the latest wave of the Iowa Adoptee Study. Methylation at 71 CpG residues was determined by
quantitative mass spectroscopy and the resulting values were averaged to produce an average CpG
ratio for each participant. Simple associations and path analyses within an Mplus framework were
examined to characterize the relationships among childhood sex abuse, overall level of
methylation among women, and subsequent antisocial behavior in adulthood. Direct effects of
biological parent psychopathology and 5HTT genotype were controlled.

Results—Replicating prior work, a significant effect of childhood sex abuse on methylation of
the 5HTT promoter region emerged for women. In addition, a significant effect of methylation at
5HTT on symptoms of ASPD emerged.

Conclusions—Child sex abuse may create long-lasting changes in methylation of the promoter
region of 5HTT in women. Further, hypermethylation may be one mechanism linking childhood
sex abuse to changes in risk for adult antisocial behavior in women. Better understanding of the
methylome may prove critical in understanding the role of childhood environments on long-term
psychiatric sequelae.
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Introduction
Complex behavioral patterns such as Antisocial Personality Disorder (ASPD) result from a
combination of genetic and environmental factors, with a probable role for environmental
experiences such as child maltreatment (1). However, the biological processes that mediate
the long-term impact of child maltreatment on adult psychopathology are poorly understood.
Epigenetic modifications in the form of DNA methylation status provide one potential
pathway of interest. Alterations in methylation, in the form of changes in CpG motifs, may
remain stable over a relatively long time in humans (2), making individual differences in
methylation a potential biological marker of environmental contributions to the phenotypic
divergence of those with similar genetic endowments (3). Because CpG motifs are
potentially modifiable by environmental factors, they provide a plausible physical substrate
by which environmental events may have lasting effects on behavior.

Supporting the potential impact of childhood experiences on epigenetic change, methylation
differences have been demonstrated in the postmortem hippocampi obtained from suicide
victims with a history of childhood abuse relative to those from either suicide victims with
no childhood abuse or non-suicide controls (4,5). Likewise, in rodent models, early
experience vis-à-vis the mother has been linked to lasting epigenetic change via CpG
methylation (6,7).

In earlier work, we found that child abuse, including physical abuse, harsh parenting, and
sex abuse, was associated with overall hypermethylation of the 5HTT promoter region (8). A
significant association also emerged in that sample between sex abuse alone and overall
methylation of the CpG island at 5HTT among females, r(82) = .360, p < .001. Other facets
of child maltreatment did not account for additional variance beyond the effect of sex abuse
on methylation at this locus for women. Reports of sex abuse among males were too few to
allow for separate analyses.

In the current investigation we focus only on women in a non-overlapping sample of 155
female participants in the latest wave of the Iowa Adoption Studies (IAS). Extending the
prior report, we also examine symptomatic outcomes for adult ASPD and the potential role
of methylation in modifying the impact of genetic risk alleles. We simultaneously control
for the potential impact of parental diagnostic status on both symptoms and level of
methylation to rule out a range of potential third-variable explanations for observed
associations.

The biological model guiding the analyses is based on experimental and naturalistic
observations with primates, which show that a stressful environment during development
can alter CNS serotonin system functioning to produce long-term effects on behavior (9).
These effects include heightened aggressiveness, impaired impulse control (10), and
problematic social behavior (11). Similar effects involving decreased responsiveness of the
serotonin system have been observed in humans (12,13). We propose that methylation of the
promoter region of 5HTT may contribute to diminished serotonergic system responsiveness
in response to child sex abuse by decreasing expression of the serotonin transporter, thus
creating potential for impulsive or aggressive behavior that ultimately may be labeled
antisocial. Because carrying one or more copies of the s allele is associated with diminished
expression of the transporter, we hypothesized that carriers of this allele might be
particularly likely to show behavioral effects in response to down-regulation resulting from
promoter methylation.
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Methods
The overall methodologies for the IAS studies have been extensively described elsewhere
(14,15), with all study procedures and protocols having been approved by the University of
Iowa Institutional Review Board. The current study includes clinical data and biomaterial
from 155 women randomly selected from those participating in the last round of the study
(2004-current). In the wave of data collected in 1999–2004, when subjects were adults, they
were asked about a range of symptoms as well as about childhood events. To assess
childhood sex abuse, participants were asked, “Before you were age 16 years old, were there
any sexual contacts between you and any family members, like a parent or step-parent,
grandparent, uncle, aunt, brother, sister, or cousin? By sexual contact I mean their touching
your sexual parts, your touching their sexual parts, or sexual intercourse.” They were also
asked specifically “Was there sexual contact with a parent or grandparent?” These questions
were combined to form the sex abuse scale, which yielded possible scores of 0, 1, and 2,
with the highest score indicating involvement of a parent or grandparent in the abuse.

Methylation ratios for each of the 71 CpG residues in the 5HTT promoter island were
determined as previously described (16). Briefly, DNA was obtained from growth phase
entrained EBV transformed lymphoblast cell lines, and the resulting DNA was bisulfite
treated to convert unmethylated cytosine residues into thymidine (17). Then, methylation
ratios for each of the CpG residues were determined using quantitative mass spectroscopy
by Sequenom, Inc. (San Diego, CA).

Prior work indicates that a single factor captures the reliable variation in CpG methylation at
5HTT (8). Accordingly, we used the average of all residue values as our index of overall
methylation in the promoter region. Symptoms of ASPD were assessed using the Semi-
Structured Assessment for the Genetics of Alcoholism (SSAGA-II). The SSAGA is a
polydiagnostic instrument that assesses symptoms of antisocial personality disorder, among
others, in a manner consistent with DSM-III-R, DSM-IV, and Feighner RDC (Research
Diagnostic Criteria).

Data Analysis
Simple bivariate relationships were examined using Pearson's r as well as Spearman's rho.
Because no differences in patterns of significant association were observed, only Pearson's r
is reported. Model fitting was conducted using Mplus version 6 (18) with manifest
indicators, simultaneous estimation of all paths, and maximum likelihood fit function. Mplus
was chosen because it can incorporate variables with different levels of measurement and
the impact of measurement assumptions can be examined by the use of alternative
estimation strategies. In the baseline model, the direct effect of number of s alleles on
outcomes was constrained to be 0, in keeping with observed simple correlations. We freely
estimated all other paths in the hypothesized model (Figure 1). We then examined the fit of
the hypothesized model using the overall chi-square test in each case and used change in
chi-square (Δχ2) between nested models to guide the removal of non-significant paths that
could be constrained to be zero without producing significant deterioration in model fit. This
process yielded a final main-effects model with a non-significant χ2 (i.e., a good fit; see
Figure 2).

To test directly the hypothesis that methylation mediates the effect of child sex abuse on
symptoms of ASPD for women, we constrained the direct path from sex abuse to symptoms
of ASPD to be 0, leaving only the indirect pathway through methylation. We examined
deterioration of overall model-data fit in terms of Δχ2, resulting in a fully mediated model
(Figure 3). Finally, to provide a preliminary test of the expectation that methylation would
potentiate the impact of the s allele, we added the interaction of genotype and methylation to
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the final main effects model (Figure 4). Specifically, we centered the variables and then
created a product term. This model is not nested because it introduces a new variable and
directly tests the hypothesis that, by further down-regulating 5HTT, increased methylation
has greater impact on those with low activity alleles. To explicate the direction of the
interaction, we examined simple correlations between methylation and ASPD symptoms
within each level of genotype.

Results
A total of 155 female participants provided biomaterial for the study. Means, standard
deviations and intercorrelations of key study variables are presented in Table 1. Of the
women in the current sample, 13% (n = 15) reported one or more indications of child sex
abuse. Average symptoms of ASPD ranged from 0 to 5, with a mean of .92 and a median
score of .5. Z-transformed methylation ratios ranged from −1.66 to 4.07 with a median score
of −0.127. Of the sample, 16% (n = 25) were homozygous for the s allele, 46% (n = 71)
were heterozygous, and 38% (n = 59) were homozygous for the l allele. No significant
differences in bivariate correlations emerged between participants homozygous for the long
allele and the rest of the sample. Hardy-Weinberg equilibrium was computed as χ2 (1) = .22,
ns. Due to the inability of the mass spectroscopy technique to differentiate peaks, some
methylation scores were reported as averaged aggregates. In computing mean methylation
scores, these aggregates were weighted to reflect the number of peaks included in each
score.

Parameter estimates
The baseline model had three degrees of freedom (Figure 2). In keeping with the directional
hypotheses for all parameters, exact, one-tailed p-values are reported. As predicted, with all
other relationships in the model controlled, a small positive association emerged between
child sex abuse and symptoms of ASPD (p = .034). Significant positive relationships also
emerged between reported child sex abuse and level of methylation at 5HTT (p = .0001) and
between methylation at 5HTT and symptoms of ASPD (p = .001). Finally, a small
significant positive relationship emerged between parental diagnosis and ASPD symptoms
(p = .022). Thus, all hypothesized main effect relationships were in the direction predicted.
No other relationships in the model were significant. Fit of the hypothesized baseline model
was good, χ2(3) = 1.104, ns.

Test of mediation
To examine directly the possibility that the effect of child sex abuse on methylation
mediated its relationship with symptoms of ASPD (i.e., partially or fully accounted for the
relationship), we constrained the direct path from child sex abuse to symptoms of ASPD to
be 0 (Figure 3). Using nested model comparisons based on chi-square difference tests (19),
we determined change in chi-square. Because Δχ2 for nested chi-square models is itself
distributed as chi-square, the resulting value was a χ2 with 1 degree of freedom. The
imposition of the constraint on the direct pathway yielded a non-significant result, Δχ2(1) =
3.27, ns; this indicates that the direct pathway is not needed to obtain a good fit to the data
and supports the hypothesis that the direct effect of child sex abuse on symptoms of ASPD
is mediated through methylation of 5HTT. Standardized structural path coefficients for the
final model are presented in Figure 3. Constraining the direct path in the model from child
abuse to ASPD symptoms to be 0 had little effect on other structural relationships. The final
model accounted for 9.0% of the variance in symptoms of ASPD.
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Exploratory test of moderation
If both genotype and methylation exert regulatory control over gene expression, methylation
can be expected to interact with 5HTT genotype to potentiate the effect of number of risk
alleles. Variables that affect the strength of the relationship between a predictor and a
dependent variable are called “moderators.” So, we considered the possibility that genotype
might “moderate” the impact of methylation on behavior. We examined this possibility in
the current data set by centering the variables and then creating a product term that captured
the combination of genotype and level of methylation. The interaction term was added to the
final main effects model in Figure 3, creating a new, non-nested model that could not be
compared directly to the main effects model. The resulting model, with standardized path
coefficients, is presented in Figure 4. Introduction of the interaction term yielded a small
significant pathway from the interaction term to ASPD symptoms (p = .015), but had little
impact on other structural coefficients in the model. The resulting model increased total
variance accounted for in symptoms of ASPD to 11.6%. Constraining the path from the
interaction term to symptoms of ASPD to be 0 yielded a significant result, Δχ2(1) = 4.55, p
< .05, indicating that the pathway from the interaction term to ASPD cannot be excluded
from the model, supporting the hypothesis that methylation of the promoter region at 5HTT
changes the impact of the risk allele on symptomatic outcomes. The direction and magnitude
of the association of methylation with symptoms of ASPD was examined within genotype.
Correlations between methylation and symptoms of ASPD were r(25) = .573, p = .001, for
those homozygous for the s allele; r(71) = .269, p = .012, for the heterozygous; and r(59) = .
143, ns, for those homozygous for the l allele. In all cases, greater methylation was
positively associated with symptoms of ASPD; this association, however, was not
significant for those homozygous for the long allele.

Discussion
Replicating prior research (8), we found that the degree of methylation of the CpG island
upstream from SLC6A4 was associated with reported sex abuse during childhood among
women. In addition, degree of methylation mediated the impact of childhood sex abuse on
symptoms of ASPD reported in adulthood, even when the contribution of parental diagnosis
was included in the model. In addition to its direct effect, methylation also potentiated the
effect of 5HTT risk alleles. Methylation was more strongly associated with symptoms of
ASPD for those with a greater number of s alleles. Due to the small sample size, however,
the finding that methylation interacted with genotype to predict symptoms of ASPD must be
considered preliminary pending replication. Several other limitations of the study should be
acknowledged. First, biomaterial was taken from lymphoblasts and not from the central
nervous system. Consistency of DNA methylation, however, is surprisingly strong across
many somatic tissues, including brain and lymphocytes. For example, in an examination that
included lymphocytes, Fan and Zhang (20) demonstrated an inter-tissue correlation of 0.95,
suggesting substantial validity for peripheral measurement of DNA methylation. Second,
sex abuse was measured via retrospective reports. Third, we examined only one promoter
within the serotonergic system and only one of several potential pathways contributing to
ASPD symptoms. Fourth, we did not examine the “tri-allelic” characterization of 5HTT,
potentially underestimating the gene's direct or interactive effects. Fifth, the sample is
relatively small, highlighting the importance of future replication.

Overall, our results complement and expand prior work on the impact of childhood sex
abuse on methylation (4,7). In particular, because women in the Iowa Adoptee sample were
not biologically related to their abusers even though the abusers were family members, the
patterns observed in the current study are not subject to the critique that observed
associations could be secondary to passive gene-environment correlations or passive
epigenetic-environment correlations. Further, the inclusion of diagnostic status of the
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biological parent in the model controls any potential contribution to methylation conferred
“in utero” through prenatal exposures secondary to parental ASPD as well as any other third
variables associated with diagnosis of biological parent. It is noteworthy, however, that no
relationship emerged between diagnosis of the biological parent and average methylation,
suggesting that parent diagnosis did not exert an effect on symptoms through either direct or
indirect effects on methylation at 5HTT.

Sex abuse in the family commonly co-occurs with other forms of child maltreatment and can
extend over many years, creating the potential for sustained high levels of stress while
depriving the child of a sense of security in the home environment. The observed effect of
sex abuse on methylation at 5HTT may reflect this combination of sustained stress and loss
of security, as well as the impact of sustained stress arising from a variety of concurrent
stressors. Unfortunately, the current sample is not large enough and our assessments not
specific enough to examine the impact of severity of abuse in greater detail, and so we
cannot draw conclusions about the relative impacts of sustained or repeated abuse compared
to less chronic abuse, nor can we contrast the impact of early sexual contacts relative to
those that occur later in childhood or adolescence.

The observed direct effects of sex abuse on methylation and of methylation on ASPD
symptoms, as well as the significant interaction of methylation with genotype, suggest that
epigenetic change in the form of altered methylation of key regulatory motifs may be one
biological mechanism through which early adverse environments confer increased risk for
psychopathology. The current results, although preliminary, suggest that stressors in the
rearing environment interact with genetic vulnerability to exert long-term symptomatic
consequences (21) to the extent that they produce changes in methylation at key promoter
regions, thereby disrupting or modifying biological functions that might otherwise have
developed normally. In this way, child sex abuse could have a biological impact that confers
long-term risk for symptoms of ASPD; which, in turn, could potentially increase risk for
other forms of psychopathology.
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Figure 1. Theoretical Model Showing Possible Direct and Indirect Pathways from Childhood Sex
Abuse and Parent Diagnosis to Symptoms of ASPD
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Figure 2. Final Main Effects Model showing Significant Paths from Sex Abuse to Methylation
and ASPD, and a Significant Path from Parent Diagnosis to ASPD
Fit: χ2(3) = 1.104, ns
**p < .01
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Figure 3. The Main Effect Model in which the Direct Path from Sex Abuse to ASPD is
constrained to be Zero, indicating full mediation through methylation at 5HTT
Fit: χ2(4) = 4.373, ns
**p < .01
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Figure 4. Final Model with Significant Interaction of Methylation and 5HTT Included
Fit: χ2(5) = 5.12, ns
**p < .01
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