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Abstract 

Methylation of the serotonin transporter gene (5HTTLPR) might be one of the underlying 

molecular mechanisms of epigenetics through which effects of child maltreatment persist into 

adulthood. We investigated how the experience of child maltreatment is associated with 

methylation density of 5HTTLPR and whether 5HTT genotype moderates this relation. The 

sample consisted of 22 females selected from the larger TwinPAD study (Out, Pieper, 

Bakermans-Kranenburg & Van IJzendoorn, 2010). DNA was obtained from buccal cells. The 

percentage of methylation in the first 245 bps was assessed using quantitative mass spectroscopy. 

Experiences of child maltreatment were established using the Adult Attachment Interview, coded 

with the Modified Maltreatment Classification System. We found that maltreatment severity was 

not significantly related to higher methylation density of 5HTTLPR, but the interaction of 

genotype with maltreatment severity significantly predicted methylation density. For carriers of 

the ss and sl genotype, more severe maltreatment was associated with higher methylation 

density, while for carriers of the ll genotype more severe maltreatment was associated with lower 

methylation density. We conclude that the relation between maltreatment severity and 

methylation density of 5HTTLPR is moderated by genotype, with ll carriers being protected 

against the methylating effects associated with maltreatment experiences. This study suggests 

that DNA methylation may be one of the molecular mechanism by which child maltreatment 

affects current and long-term functioning.  

Keywords: DNA methylation, child maltreatment, serotonin transporter gene (5HTTLPR), 

genotype. 
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The prevalence of child maltreatment is alarming. In the United Stated 39.5 per 1000 

children experienced some form of abuse (Sedlak et al., 2010). For the Netherlands, the 

prevalence rate was estimated to be 34 per 1000 children (Alink et al., 2010). This is of great 

concern because experiences of maltreatment in childhood are often associated with a variety of 

physical, psychological and behavioral problems (Alink, Cicchetti, Kim & Rogosch, 2012; 

Spann et al., 2012; Teisl & Cicchetti, 2008). In some cases the negative consequences associated 

with maltreatment continue to affect these individuals into adulthood. Adults who have 

experienced abuse or neglect more often suffer from health problems and are at increased risk for 

the development of psychopathology; such as depression and borderline personality disorder 

(Keyes et al., 2012; Wegman & Stetler, 2009; Widom, Czaja & Paris, 2009; Widom, DuMont & 

Czaja, 2007). The development of this vulnerability to psychopathology can be explained by a 

complex interplay between genetic factors and environmental experiences (McCrory, De Brito & 

Viding, 2010).  

Recently, researchers discovered a mechanism that influences this gene environment 

interaction which is referred to as ‘epigenetics’. The term epigenetics was introduced in the 

twentieth century. Conrad Waddington (1942) used the term epigenetics for the causal factors by 

which the genotype transforms into the phenotype, while Nanney (1958) defined epigenetics as 

changes in genetic material in response to environmental or other stimuli (Haig, 2007). However, 

at that time the underlying mechanisms were unknown (Franklin & Mansuy, 2010). 

Now, epigenetics refers to biochemical modifications that affect gene expression, without 

altering the primary DNA sequence (Feil & Fraga, 2012). The primary DNA sequence is the 

structural part of the genome and is relatively stable across the individual’s lifetime (Zhang & 

Meaney, 2010). In contrast, epigenetic adaptations can occur at any time point during an 
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organism’s life course. Epigenetic processes are present from fertilization and regulate the 

differentiation of tissues and cells, by silencing some genes while expressing others (Gudsnuk & 

Champagne, 2011). This process leads to a diversity of cell types in the body; for example, to the 

transformation of differentiated neurons and blood cells, which are identical in genetic 

information but significantly different in epigenetic profiles. Epigenetic change is dynamic and 

allows a flexible response to environmental challenges (Szyf, 2009). Because of this 

responsiveness to the environment, the epigenetic mechanism offers a way through which the 

environment can shape the genome and have a lifelong impact on health and behavior (Van 

IJzendoorn, Bakermans-Kranenburg & Ebstein, 2011). Thus, effects of child maltreatment may 

persist into adulthood through this epigenetic mechanism.  

A gene that is of particular interest in the context of child abuse is the serotonin transporter 

gene (5HTTLPR, hereafter 5HTT). The 5HTT gene has a critical role in the regulation of 

emotional states and is one of the best-studied genomic variations in biological psychiatry (Heim 

& Binder, 2012). The 5HTT polymorphism consists of two common alleles in European 

populations, a short (s) variant with 12 copies of a 22 bp repeat element and a long (l) variant 

which has 14 copies of the repeat element (Philibert et al., 2008). The 5HTTLPR genotype 

consists of three variants: ss, sl and ll.  

The short variant of the 5HTT is associated with less efficient serotonin transport. Carriers of 

the short allele have been suggested to be more vulnerable to a range of disorders including 

migraine headaches, major depression, autism, and alcoholism (Conroy et al., 2004; Feinn, 

Nellissery & Kranzler, 2005; Kiyohara & Yoshimasu, 2010). Furthermore, in a number of gene-

by-environment interaction (G x E) studies the 5HTT genotype has been shown to moderate the 

effects of environmental influences. Most studies support the diathesis-stress model in which 
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carriers of short alleles are considered to be more vulnerable to negative environmental 

influences (Zammit & Owen, 2006). For example, Caspi and colleagues (2003) demonstrated 

that individuals homozygous for short alleles showed more depressive symptoms and suicidality 

when faced with stressful life events than individuals homozygous for the long alleles did. In 

addition, short variants have been associated with increased vulnerability to alcohol dependence, 

posttraumatic stress symptoms, depression and anti-social behavior in the presence of stressors 

or adversity (Cicchetti, Rogosch & Thibodeau, 2012; Karg, Shedden, Burmeister & Sen, 2011; 

Kilpatrick et al., 2007; Uher et al., 2011).  

However, some meta-analyses have not supported the interaction effect of the short variant 

of the serotonin transporter and environmental adversity (Munafò, Durrant, Lewis & Flint, 2009; 

Risch et al., 2009). In fact, there is an increasing inconsistency in the growing G x E literature. 

Discrepancies in findings may be due to heterogeneity in methodology. One specific determinant 

that has emerged is the method used to assess environmental adversity (Uher & McGuffin, 

2010). Moreover, G x E studies often lack statistical power due to small sample sizes, and the 

complexity of the analyses increases the risk of false positive findings (Munafò et al., 2009). In 

addition, critics have expressed their concerns about the replicablity of G x E studies and the 

tendency to publish significant and novel findings (Duncan & Keller, 2011; Munafò & Flint, 

2009).  

Although carriers of the s allele are more vulnerable to adversity, research also has found 

that carriers of the s allele benefit more from positive environments, including lack of adversity, 

as compared to individuals homozygous for the long alleles (Belsky et al., 2009; Taylor et al., 

2006). This is in line with the model of differential genetic susceptibility, which is defined as the 

varying susceptibility of individuals with specific genotypes to both negative and positive 
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environments (Belsky, Bakermans-Kranenburg & Van IJzendoorn, 2007). Van IJzendoorn, 

Belsky and Bakermans-Kranenburg (2012) recently provided meta-analytic evidence supporting 

the role of 5HTT in differential susceptibility. Carriers of the s allele (ss/sl) were more 

vulnerable to adversity, consistent with the diathesis-stress model, but they also benefit more 

from a supportive environment as compared to ll carriers, consistent with differential 

susceptibility. Ethnicity was an important moderator; since evidence for differential 

susceptibility only appeared in studies with Caucasian participants (Van IJzendoorn et al., 2012).  

In short, G x E studies using the diathesis-stress model have revealed inconsistent results, 

and therefore the interaction is not fully understood. There is emerging evidence that methylation 

might also influence the G x E interaction through gene expression. DNA methylation is one of 

the most common forms of epigenetic modification and is associated with the silencing of gene 

transcription (Jeltsch, 2002). A methyl molecule (CH3) is coupled to cytosine, at a CpG site. 

CpG sites are regions of DNA where a cytosine nucleotide arises next to a guanine nucleotide. 

The effect of this process on gene transcription appears to occur in two ways (Meaney, 2010). 

Firstly, methylation of DNA itself may physically impede the binding of transcriptional 

activators to the DNA sites, thus silencing gene expression. Secondly, methylated CpG islands 

attract a class of proteins known as methylated-DNA binding proteins. These proteins, in turn, 

attract a cluster of capping proteins that hinder access to the gene for transcription factors that 

induce gene expression (Meany, 2010). The methylation pattern on the CpG islands is 

reproduced each time the gene is copied and thereby the effect of methylation is preserved (Van 

IJzendoorn et al., 2011).  

 Some researchers have suggested that the influence of early life experiences on wellbeing in 

adulthood may be mediated by methylation. More specifically, it is assumed that cellular 
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signaling pathways activated in response to negative environmental conditions trigger long-term 

patterns of gene-expression, which in turn influence behavior and health (Heijmans et al., 2008; 

Heijmans, Tobi, Lumey & Slagboom, 2009; Naumova et al., 2012; Tobi et al., 2009). In this 

way, early experiences become instantiated in the biological system (Meaney, 2010). 

Methylation of DNA has recently been studied for several genes, including the serotonin 

transporter gene. For example, Philibert and colleagues (2007) demonstrated that the degree of 

methylation was associated with expression levels of the serotonin transporter gene, but only 

when genotype was taken into account. Furthermore, it has been shown that child abuse was 

associated with increased methylation of 5HTT promoter region (Beach, Brody, Todorov, Gunter 

& Philibert, 2010).  

Van IJzendoorn and colleagues (2010) demonstrated the possible consequences of 

methylation in the 5HTT for psychological functioning. Higher levels of methylation were 

associated with an increased risk of unresolved responses to loss or other trauma in individuals 

homozygous for the long alleles, while for the carriers of the ss variant higher levels of 

methylation were associated with less unresolved loss or trauma (Van IJzendoorn, Caspers, 

Bakermans-Kranenburg, Beach & Philibert, 2010).  

However, these are only a handful of studies and many details about the process of 

methylation remain unknown. It seems valuable to add methylation to the gene-by-environment 

interaction in order to shed more light on the relation between child maltreatment and the 5HTT 

genotype. If child abuse indeed affects the intracellular milieu, including changes of DNA 

methylation, it would allow for more insight in how environmental risk mechanisms contribute 

to developmental outcomes.   
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In the present study, we expected that the experience of child maltreatment would be 

associated with methylation density of 5HTT. Firstly, we hypothesized that more severe 

maltreatment would be related to higher methylation density of 5HTT. Secondly, we 

hypothesized that this relation of maltreatment severity with methylation density would be 

moderated by 5HTT genotype. Because studies are inconsistent about the direction of the 

moderation we did not specify which alleles would be most open to methylation changes. We 

controlled for age because methylation is known to increase with age (Fraga et al., 2005).  

 

Methods and materials 

Participants 

Monozygotic female twin pairs were selected from the TwinPAD study. This study 

investigates caregiving responses and physiological reactivity to infant crying (Out, Pieper, 

Bakermans-Kranenburg & Van IJzendoorn, 2010). The TwinPAD sample consisted of 50 male 

and 134 female adult twin pairs. Zygosity of the twin pairs was determined based on a zygosity 

questionnaire (Magnus, Berg & Nance, 1983), and verified by genetic analyses of six selected 

polymorphisms. A total of 12 twin pairs (6.5% of the sample) were classified as monozygotic 

based on the questionnaire while they were in fact dizygotic (Out et al., 2010).  

In the present study we used data from monozygotic twin pairs for which complete data on 

the experience of child maltreatment was available. The sample consisted of 11 monozygotic 

female twin pairs (n = 22). The majority of the twins were born in the Netherlands (91%) and 

their mean age was 29.91 (SD = 5.73, range 24 – 43). The mean educational level of the 

participants was 3.77 (SD = 0.87) on a scale ranging from 1 (elementary school) to 5 (Bachelor’s 

or Master’s degree). None of the participants suffered from a mental or physical illness. 
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Permission for this study was obtained from the Ethics Committee of the Leiden University, and 

all participants gave informed consent.  

 

Procedure 

In 2007 and 2008 twin pairs were invited to Leiden University for a session lasting about 

three hours. The visit included several cognitive tests, a cry perception task and the Adult 

Attachment Interview (AAI; Main, Kaplan & Cassidy, 1985). During this visit participants 

provided buccal cells for genetic analyses, and to verify their zygosity as determined with the 

zygosity questionnaire. For the present study, which started in 2011, additional DNA was 

necessary for methylation analyses. Monozygotic female twin pairs were re-contacted by letter 

or phone and were asked to provide buccal cells for genetic analysis. Swabs were sent by post 

together with an extensive instruction about how the buccal cells should be collected. 

Participants returned the swabs by post.  

A total of 65 monozygotic twin pairs were approached (n = 130 females). Twenty-two 

females could not be reached due to moving and the new address was untraceable (n = 16) or 

residence outside the Netherlands (n = 5), and one person deceased. Another 16 persons were not 

willing to participate because of disinterest or time constraints. Moreover, 22 females were 

excluded because they did not return their swabs or their twin sister did not return the swabs. The 

remaining 70 females (35 twin pairs) returned their swabs. For a subset of 11 pairs (n = 22) 

methylation analyses were done.  

 

Child maltreatment 

Experiences of child maltreatment were derived from the Adult Attachment Interview (AAI; 

Main et al., 1985). The Adult Attachment Interview is a semi-structured interview focusing on 
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early attachment experiences and their effects upon current functioning. In this context several 

questions concerning experiences of abuse are asked. Experiences of child abuse were coded 

with the Modified Maltreatment Classification System (MMCS; English & the LONGSCAN 

Investigators, 1997), a modified version of the Maltreatment Classification System (Barnett, 

Manley & Cichetti, 1993). The MMCS was originally developed as a method of collecting 

information from Child Protective Services (CPS) records using systematic and reliable criteria 

(English, Bagdiwala & Runyan, 2005). 

The MMCS presents a method for classifying maltreatment including dimensions of subtype, 

severity, frequency, chronicity, and perpetration of abuse experiences. The MMCS includes five 

major categories of maltreatment: physical abuse, physical neglect, sexual abuse, emotional 

maltreatment, and moral-legal/educational maltreatment. In addition, the MMCS includes 

specification of subtypes of abuse and neglect within these broader categories. For example, 

under physical neglect the abuse subtypes of failure to provide and lack of supervision are coded. 

Each subtype of abuse is coded for severity ranging from 1 (low) through 5 (high) (English et al., 

2005). A sixth category of abuse within the coding system concerns caregiver substance use 

(Litrownik et al., 2005). This category refers to the use of drugs and/or alcohol that has a 

negative effect on the well-being, caretaking, or safety of the child. Five independent coders 

were trained to achieve agreement with an expert coder (Dr. Dorothée Out). Subsequently, 10 

interviews were selected for a reliability assessment. The interrater reliability, measured by 

intraclass correlations was almost perfect for the subscales physical abuse (ICC = .82), sexual 

abuse (ICC = .96) and emotional maltreatment combined with caregiver substance use 

(ICC = .82). For the subscale physical neglect agreement was moderate (ICC = .54). 
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In this study two dimensions of the MMCS were used: the occurrence of maltreatment and 

the severity of the abuse experiences. For the occurrence of maltreatment, participants were 

divided into two groups; those who had experienced maltreatment in their childhood (up to 18 

years) and those who did not have any experience of maltreatment in their childhood. The second 

approach defined overall maltreatment severity (as described by Litrownik et al., 2005). A single 

severity score was calculated for each participant reflecting the highest severity level coded 

across maltreatment types. Substance use of the caregiver was rated as severity level 1. In 

addition, when a participant had experienced more than one form of maltreatment one point was 

added. For those participants who had no experiences of abuse a severity score of 0 was applied. 

Each participant was assigned a severity score between 0 and 6. Ten participants were selected 

and their severity score was coded by two independent coders, which yielded perfect agreement 

(κ = 1).  

 

Genotyping  

Genotype of the 5HTTLPR locus was established using a polymerase chain reaction assay 

(PCR) as previously described (Pieper, Out, Bakermans-Kranenburg & Van IJzendoorn, 2011). 

Alleles were scored visually uncut: s at 469 bp., l at 512 bp.; cut: sg at 402 (+67 bp.), lg at 402 

(+110 bp.). The sg and lg variants were found to show low transcriptional efficiency; thus, they 

are similar to s alleles in function (Wendland, Martin, Kruse, Lesch & Murphy, 2006). 

Therefore, both sg and lg variants were classified as s alleles. However, we also performed 

analyses with the original alleles to control for their influence. For the statistical analyses, 

genotype was coded as the number of s alleles.  
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Methylation analysis 

DNA was extracted from buccal cells using standard methods. The unmethylated cytosine 

residues were converted to thymidine using bisulfite modification. The region flanking the 

previously identified CpG island was then PCR amplified in two contigs using two specific 

primer sets. Methylation ratios for each of the CpG residues were then determined using 

quantitative mass spectroscopy by Sequenom (San Diego, California). We used the percentage of 

methylation in the first 245 bps. The z-standardized value was used to facilitate interpretation. 

 

Statistical analysis  

To analyze associations between child maltreatment, methylation density, age and 5HTT 

genotype we used IBM SPSS version 19.0. Data were inspected for outliers and missing values 

and assumptions underlying the analyses used were evaluated. Bivariate associations were 

examined for all key variables using Pearson’s r as well as Spearman’s rho (one-tailed), and 

relations were visually inspected with scatterplots and boxplots. Besides, we conducted 

independent sample t-tests to investigate whether there were significant differences on any of the 

key variables between participants in the maltreated group versus the non-maltreated group. 

Cohen’s d was used as a measure of effect size.  

To test whether methylation density of 5HTT significantly differed between participants in 

the maltreated group versus participants in the non-maltreated group while taken into account the 

influence of genotype and age, analysis of covariance was conducted. Maltreatment experience 

was entered as factor, and age and genotype as covariates. For all variables the z-standardized 

values were used to facilitate interpretation. The assumptions underlying analysis of covariance 

were checked. Partial eta-squared (partial η2) was used as a measure of effect size.  
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To test whether maltreatment severity was related to methylation density, while controlling 

for age and genotype, a multilevel approach was chosen. A multilevel model (SPSS; linear 

mixed model) was preferred over hierarchical regression because it enables us to adjust for the 

covariance structure in the data (Twisk, 2006). Since data were from monozygotic twin pairs key 

variables are more likely to be correlated within twin pairs. In order to model this covariance, we 

created two new variables. A number between 1 and 11 was assigned to each twin pair. Within a 

twin pair a 1 or a 2 was assigned to each sister. For all variables the z-standardized values were 

used to facilitate interpretation. 

We specified a model without predictors (intercept-only model) and methylation density as 

dependent variable. We assumed that methylation density varied across twin pairs, therefore twin 

pair was included as subject variable with random intercept. From this model, we estimated the 

intra-class correlation (ρ) to determine the degree of dependency among individuals. The intra-

class correlation is calculated by dividing the residual variance by the total variance. In the first 

model we investigated main effects by including sister number, maltreatment severity, age and 

genotype as fixed effect predictors. Thereafter, we added twin pair as subject variable with 

random intercept. The models with random intercept and without random intercept were 

compared to investigate whether allowing the intercept to vary significantly improved the model.  

To investigate whether genotype moderated the relation between maltreatment severity and 

methylation density, we added an interaction term to the above described random-intercept 

model. This interaction term was calculated from the standardized predictors (maltreatment 

severity*genotype) and included as fixed effect variable in the model. The same model with 

unstandardized variables was used to obtain the unstandardized regression coefficients. The 

values of the unstandardized regression coefficients were evaluated to determine the effect sizes. 
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Restricted Maximum Likelihood (REML) estimation was used because the number of groups 

was small. We used the value of Akaike information criterion (AIC) and the Likelihood Ratio 

test to compare the fit of the different models. The Likelihood Ratio test was also performed 

using the Maximum Likelihood (ML) estimation to verify the statistics. For all analyses the level 

of significance was set at α = 0.05. 

 

Results 

Preliminary analyses 

A total of 22 participants were included in the analyses. The participants in the sample were 

compared with the intended sample (n  = 108) and with the group that did participate but was not 

selected for methylation analyses (n = 48). Participants included in the sample were significantly 

younger (M = 30.09, SD = 5.56) than individuals that did not participate (M = 38.02, SD = 11.33) 

and participants excluded from methylation analyses (M = 42.79, SD = 11.76), 

t(62.69) = 4.92, p <  01, d = 0.9, t(67.88) = -6.13, p <  01, d = 1.4 respectively. Genotype was not 

significantly different for participants in the sample as compared to non-participants or excluded 

participants, t(128) = 1.15, p = .25, d = 0.3, t(68)  = -1.43, p = .16, d = 0.4. No significant 

differences emerged across these three groups with respect to maltreatment experience, 

t(26.29) = 1.80, p = .08, d = 0.5,  t(31.91) = -1.83, p = .08, d = 0.5. However, effect sizes were 

medium and indicated approximately 67% overlap between distributions (Cohen, 1988). 

Maltreatment severity was significantly lower for participants in the sample (M = 1.41, 

SD = 1.47) as compared to non-participants (M = 2.52, SD = 1.75) and excluded participants 

(M = 2.43, SD = 1.70), t(124) = 2.77, p < .01, d = 0.7,  t(67) = -2.41, p = .02, d = 0.6. 
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Descriptive statistics for the study variables are presented in Table 1. Means and standard 

deviations are presented for continuous variables and frequencies are presented for categorical 

variables. There were no individuals homozygous for the short allele. There were two 

participants with a slg variant and one participant with an lglg variant. There were 12 individuals 

heterozygous for the short allele (including n = 3 llg) and six individuals were homozygous for 

the long allele. The genotype distribution, without the genotypes with a sg or lg variant, was in 

Hardy-Weinberg equilibrium, χ2 (1, n = 16) = 3.31, p > .05 (Rodriguez, Gaunt & Day, 2009). 

The majority of participants experienced some form of maltreatment and the maltreatment 

severity ranged from 0 to 4. Data were normally distributed for all variables, as indicated by 

standardized skewness and kurtosis.  

 
Table 1 
Means, Standard Deviations and Frequencies of Study Variables 
(N = 22) 
Variable Frequencies M SD 
Methylation density  4.42 2.12 
Age  30.09 5.56 
Genotype 

ss 
sl 
ll 

 
3 

13 
6 

  

Maltreatment experience 
Yes 
No 

 
8 

14 

  

Maltreatment severity  1.45 1.53 
Note. M = mean. SD = standard deviation 

 

Table 2 presents the intercorrelations among study variables. No differences in patterns of 

significant associations between Pearson r and Spearman’s rho were observed, therefore only 

Pearson’s r is reported. The moderate correlation of maltreatment severity with methylation 
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density was marginally significant (r = .32, p = .08), suggesting that more severe maltreatment 

experiences were related to higher methylation density. However, only 10% (R2 = .10) of the 

variance in methylation density is accounted for by maltreatment severity. There was a moderate 

but non-significant correlation between genotype and age in years (r = .31, p = .08), with a small 

effect size (R2 = .10). As presented in Table 3, the independent t-tests showed that the maltreated 

and non-maltreated groups did not differ significantly with respect to methylation density, age or 

genotype (p > .05). 

 
Table 2  
Summary of Intercorrelations among Study Variables. 
(N = 22) 

Note. *p < .05, one-tailed.  

Table 3 
Independent t-tests for the Differences between the Maltreated- and the Non-Maltreated Group 
(N = 22) 

 
Maltreated 

(n = 14) 
Non-maltreated 

(n = 8)   Cohen’s 
 M SD M SD t p d 
Methylation density 0.14 1.06 - 0.25 0.90 - 0.88 .39 0.4 
Age 30.79 5.22 28.88 6.29 - 0.77 .45 0.3 
Genotype 0.93 0.73 0.75 0.46 - 0.62 .54 0.3 
Note. M = mean. SD = standard deviation, d = standardized difference 

 

The analysis of covariance revealed no main effects of age, F(1, 18) = 0.02, p = .90, 

partial η2 = .001; nor genotype, F(1, 18) = 0.75, p = .40, partial η2 = .04. Moreover, methylation 

density did not significantly differ between the maltreated and non-maltreated group after 

Variable 1 2 3 4 5 
1. Methylation density ― .14 .24 .19 .32 
2. Age  ― .31 .17 .001 
3. Genotype   ― .14 .07 
4. Maltreatment experience    ― .73* 
5. Maltreatment severity     ― 
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controlling for age and genotype, F(1,18) = 0.48, p = .50, partial η2 = .03. These findings 

indicate that methylation density of 5HTT was not significantly different for participants with an 

experience of maltreatment versus participants without any experience of maltreatment.  

Next, we tested whether the severity of the maltreatment was related to higher methylation 

density of the 5HTT, while controlling for the influence of age and genotype. For these analyses 

the variable genotype was recoded in a new variable based on the number of s alleles in the 

genotype;  one or two s alleles (carriers of the ss and sl variant) and no s alleles (carriers of the ll 

variant). The intra-class correlation obtained from the intercept-only model was .43. This means 

that 43% of the total variance in methylation density was explained by variance between twin 

pairs.  

The multilevel model including the fixed effect predictors did not significantly improve 

when a random intercept for twin pair was added, χ2(1) = 1.60, p > .05. The Likelihood Ratio test 

using ML estimation revealed similar results. The Akaike’s information criterion (AIC) was 

lower for the random-intercept model (AIC = 59.73) as compared to the model without random 

intercept (AIC = 61.32). A smaller AIC value indicates a better fit of the model, therefore we 

interpreted the random-intercept model. The multilevel model with random intercept revealed no 

significant main effects on methylation density. Age did not significantly predict methylation 

density, F(1, 7.12) = 0.17, p = .69, neither did genotype, F(1, 7.13) = 0.004, p = .95. 

Maltreatment severity did also not significantly predict methylation density, F(1, 11.43) = 1.15, 

p = .31.  

To investigate whether genotype interacted with maltreatment severity in predicting 

methylation density, the interaction term was added to the model. Adding the interaction 

improved the model as indicated by a decrease in Akaike’s information criterion (AIC = 54.12). 
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The Likelihood Ratio test revealed that this improvement was significant, χ2(1) = 5.61, p < .05, 

which was confirmed by the Likelihood statistic calculated with ML estimation. Parameter 

estimates are shown in Table 4. Again age did not significantly predict methylation density, 

F(1, 7.23  = 1.29, p = .29. In addition, the relative small value of the unstandardized regression 

coefficient indicated a small effect size. Genotype did not significantly predict methylation 

density, F(1, 6.76) = 0.001, p = .98 neither did maltreatment severity, F(1, 14.97) = 0.28, p = 60. 

However, the large values of the unstandardized regression coefficients indicated a large effect 

size. 

The interaction of genotype and maltreatment severity significantly predicted methylation 

density, F(1, 15.54) = 5.75, p = .03. The value of the unstandardized regression coefficient was 

relatively large, which indicated a large effect size. The interaction effect indicated that carriers 

of the ss/sl genotype and carriers of the ll genotype were differently affected by maltreatment 

severity. The same analyses corrected for lg and sg alleles yielded similar results.  

 
Table 4  
Regression coefficients estimated for the Multilevel Model with Interaction 

Note. Dependent variable = methylation density, b = unstandardized regression coefficient, 
obtained from the model with unstandardized variables, β = standardized regression coefficient, 
obtained from the model with z-standardized variables. 
 

To explore this interaction effect, the sample was split based on the recoded genotype 

variable. The correlation of maltreatment severity with methylation density was calculated 

separately for carriers of the ss and sl genotype and for carriers of the ll genotype. The 

 b SE(b) β SE(β) 
Age 0.10 0.09 0.27 .24 
Genotype - 2.68  1.56 0.02 .51 
Maltreatment severity - 1.16  0.73 - 0.85 .53 
Genotype*Maltreatment severity 1.91 0.80

  
1.39  .58 
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correlation of maltreatment severity with methylation density was significant for both genotypes. 

However, for the ss and sl carriers a positive correlation emerged, r(16) = .51, p = .02, while for 

ll carriers maltreatment severity was negatively associated with methylation density, r(6) = -.82, 

p = .02. These correlations were significantly different (z = 2.66, p = .008). The interaction graph 

in Figure 1 shows that for carriers of the ss and sl genotype a higher maltreatment severity was 

associated with higher methylation density of 5HTT. For the carriers of the ll genotype a higher 

maltreatment severity was related to lower methylation density of 5HTT.  

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
Figure 1. Relation between Maltreatment Severity and Methylation density for ss/sl and ll 
carriers. 
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Discussion 

The goal of this study was to investigate the association between child maltreatment and 

methylation density of 5HTT. We could not confirm the hypothesis that more severe 

maltreatment relates to higher methylation density of 5HTT. However, the interaction between 

genotype and maltreatment severity significantly predicted methylation density. For carriers of 

the ss and sl genotype, more severe maltreatment was associated with higher methylation 

density, while for carriers of the ll genotype more severe maltreatment was associated with lower 

methylation density. We found no influence of age on methylation density.  

The lack of main effect of maltreatment severity on methylation density of 5HTT contrasts 

with previous findings. For instance, Beach and colleagues (2010, 2011) showed that reports of 

abuse during childhood were associated with increased methylation density of 5HTT promoter 

region. They replicated this for females who experienced childhood sexual abuse. The 

moderating role of genotype might be responsible for our non-significant main effect of 

maltreatment severity. The association of maltreatment severity with methylation density was 

opposite for ss/sl and ll genotypes. Analyzing both genotypes within one group leads to the non-

significant effect. Therefore, it seems important to include genotype when investigating the 

relation of child maltreatment with methylation density of 5HTT.  

To the best of our knowledge, only Vijayendran and colleagues (2012) investigated the 

effect of child abuse on methylation of 5HTT and included genotype. They reported a significant 

interaction effect of genotype with childhood sexual abuse on methylation at a specific CpG 

residue (Vijayendran, Beach, Plume, Brody & Philibert, 2012). Unfortunately, the authors have 

not interpreted this interaction effect, therefore the role of genotype in the relation of child abuse 

with methylation density of 5HTT is still unclear. 
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Research on molecular epigenetics has shown that methylation levels can be different for the 

s allele and the l allele. For example, Philibert and colleagues (2007) showed that the degree of 

methylation was associated with expression levels of the serotonin transporter gene only when 

controlled for genotype. They showed a trend indicating that the l allele was associated with 

lower methylation density than the s allele. Sugawara and colleagues (2011) obtained a similar 

result; increased methylation was associated with decreased expression levels of the serotonin 

transporter gene, only for individuals homozygous for the s allele.  

Although methylation of 5HTT was not significantly influenced by age in the current study, 

previous research has established that DNA methylation increases with age (Fraga et al., 2005; 

Bell et al., 2012). Characteristics of our sample and research design might be responsible for this 

outcome. Our sample was small with a narrow age range (25-43 years), while large samples and 

wide age ranges are important to detect age-related methylation differences. For example, Talens 

and colleagues (2012) found age-related increases of DNA methylation in a sample of 460 

individuals, aged between 18 and 89 years. In addition, individual differences in DNA 

methylation are large and age-related changes can occur in a direction that differs per individual. 

Therefore, it is important to use a longitudinal design, especially when sample sizes are limited 

(Bjornsson et al., 2008; Wong et al., 2010). 

Our sample consisted of monozygotic twins that provided us with the unique opportunity to 

study methylation within participants with the same DNA. Unfortunately, we have not used the 

twin design because statistical analyses revealed that within-pair differences with respect to 

maltreatment severity and methylation density were negligible relative to between-pair 

differences. The small number of twin pairs might be responsible for this outcome. However, 

incorporation of the MZ twin design would enhance the opportunities for this study. A 
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monozygotic twin design is extremely informative in molecular genetic studies (Boomsma, 

Busjahn & Peltonen, 2002). Firstly, comparisons within- and between twin pairs can be used to 

specify the extent of epigenetic heritability and stability across the genome. Secondly, we can 

investigate how differential exposure to environmental factors influence epigenetic mechanisms 

such as DNA methylation, which in turn may contribute to phenotypic differences in genetically 

identical individuals (Bell & Spector, 2011; Fraga et al., 2005; Heijmans, Kremer, Tobi, 

Boomsma & Slagboom, 2007). Thus, it is recommended that the next phase of this study include 

the other monozygotic twin pairs for which DNA material is already available. Besides, it would 

be possible to investigate how within-pair differences in experiences of child maltreatment are 

associated with within-pair differences in methylation density.  

In the current study, we investigated associations between child maltreatment, methylation 

density of 5HTT and genotype. This is an important first step in the investigation of methylation 

of 5HTT as underlying mechanism that transfers effects of child maltreatment into adulthood. 

Other researchers have focused on the consequences of 5HTT methylation for psychological 

functioning in adulthood, rather than early adversity predicting changes in 5HTT methylation 

(i.e. Park et al., 2011; Philibert et al., 2008). For example, Koenen and colleagues (2011) found 

that the experience of trauma was related to increased risk of developing post-traumatic stress 

disorder, but only when 5HTT methylation levels were low.  

In a study by Van IJzendoorn and colleagues (2010) higher levels of methylation were 

associated with a decreased risk of unresolved loss or trauma in carriers of the ss genotype, while 

the relation was opposite for carriers of the ll genotype. The authors suggest that the vulnerability 

of the ss variant for the development of psychological problems may be decreased by higher 

levels of methylation. Compared with our current findings showing that more severe 
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maltreatment is associated with higher methylation density only in s allele carriers, we might 

argue that methylation may act as a mechanism that controls gene-expression in response to early 

adversity, to protect the individual for maladaptive functioning in adulthood. However, this 

would not be in line with findings of Beach and collegues (2011) who reported that increased 

methylation in response to child abuse was associated with more symptoms of antisocial 

behavior in carriers of the s allele.  

Obviously, these studies differ with respect to the sample investigated and the method used 

therefore we cannot draw any definite conclusion. However, we might speculate that methylation 

might be a mechanism through which different variants of the same genotype become more 

similar in functioning. Methylation levels vary for different genotypes, which might be to protect 

individuals for the development of mental problems in response to child maltreatment. Only a 

handful of studies on this topic have been reported thus far and many methodological issues have 

to be solved. At the same time, the relation between environmental influences, genetics, and 

epigenetics is very complex. Therefore, future research is needed to understand the complex 

interplay between environment and (epi) genetic factors. With respect to DNA methylation, 

genome-scale studies offer a promising direction, because it includes large samples and provides 

information about methylation density across the entire genome (Suzuki & Bird, 2008).   

Our study has some limitations. Firstly, DNA material to assess methylation was obtained 

from buccal cells and not from the central nervous system. It is not yet clear to what extent DNA 

methylation levels are comparable across saliva, blood, and brain tissue (Heijmans & Mill, 

2012). Talens and colleagues (2010) compared the methylation levels of candidate loci in blood 

and buccal cells and found that DNA methylation measured in blood was a strong marker for 

methylation in buccal cells. However, the question remains whether these DNA methylation 
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levels are representative for DNA methylation levels found in brain tissue (Heijmans & Mill, 

2012). Future studies are needed that compare methylation levels across different tissues. A 

second limitation concerns the generalizability of our findings. Females in our sample were 

significantly younger and had experienced less severe maltreatment in childhood, as compared to 

females who were not in our sample. Furthermore, the majority of participants were Caucasian. 

Replication in larger samples and in other ethnicities is necessary to confirm the generalizability 

of our findings. 

We conclude that the association between child maltreatment and methylation density of 

5HTT depends on genotype. This study suggests that DNA methylation is one of the molecular 

mechanisms through which early adversity such as child maltreatment, may affect (mal) adaptive 

functioning in adulthood. 

 

 



CHILD MALTREATMENT AND METHYLATION DENSITY OF 5HTTLPR   25 

 

References 

Alink, R. A., Van IJzendoorn, R., Bakermans-Kranenburg, M., Pannebakker, F., Vogels, T., & 

Euser, S. (2010). Kindermishandeling 2010. Leiden Attachment Research Program. TNO 

Child Health. Retrieved from http://www.rijksoverheid.nl/documenten-en-

publicaties/rapporten/2011/09/30/de-tweede-nationale-prevalentiestudie-mishandeling-van-

kinderen-en-jeugdigen.html 

Alink, R. A., Cichetti, D., Kim, J., & Rogosch, F. A. (2012). Longitudinal associations among 

child maltreatment, social functioning and cortisol regulation. Developmental Psychology, 

48, 224-236. doi:10.1037/a0024892 

Barnett, D., Manley, J. T., & Cicchetti, D. (1993). Defining Child Maltreatment: The interface 

between policy and research. In: D. Cicchetti and S. L. Toth (Eds.), Advances in applied 

developmental psychology: Child abuse, child development and social policy. (pp. 7-73) 

Norwood, NY: Ablex Publishing. 

Beach, S. R. H, Brody, G. H., Todorov, A. A., Gunter, T. D., & Philibert, R. A. (2010). 

Methylation at SLC6A4 is linked to family history of child abuse: An examination of the 

Iowa adoptee sample. American Journal of Medical Genetics Part B, 153B, 710-713. 

doi:10.1002/ajmg.b.31028 

Beach, S. R. H., Brody, G. H., Todorov, A. A., Gunter, T. D., & Philibert, R. A. (2011). 

Methylation at 5HTT mediates the impact of child sex abuse on women’s antisocial 

behavior: An examination of the Iowa adoptee sample. Psychosomatic Medicine, 73, 83-87. 

doi:10.1097/PSY.0b013e3181fdd074 

Bell, J. T., & Spector, T. D. (2011). A twin approach to unraveling epigenetics. Trends in 

Genetics, 27, 116-125. doi:10.1016/j.tig.2010.12.005 

Bell, J. T., Tsai, P-C., Yang, T-P., Pidsley, R., Nisbet, J., Glass, D., . . . Deloukas, P. (2012). 

Epigenome-wide scan identify differentially methylated regions for age and age-related 

phenotypes in a healthy ageing population. PLoS Genetics, 8(4), 

doi:10.1371/journal.pgen.1002629 

Belsky, J., Bakermans-Kranenburg, M. J., & Van IJzendoorn, M. H. (2007). For better and for 

worse: Differential susceptibility to environmental influences. Current directions in 

Psychological Science, 16, 300-304. 



CHILD MALTREATMENT AND METHYLATION DENSITY OF 5HTTLPR   26 

 

Belsky, J., Jonassaint, C., Pluess, M., Stanton, M., Brummett, B., & Williams, R (2009) 

Vulnerability genes or plasticity genes? Molecular Psychiatry, 14, 746-754. 

Bjornsson, H. T., Sigurdsson, M. I., Fallin, M. D., Irizarry, R. A., Aspelund, T., Cui, H., . . . 

Feinberg, A. P. (2008). Intra-individual change over time in DNA methylation with familial 

clustering. JAMA, 299, 2877-2883.  

Boomsma, D., Busjahn, A., & Peltonen, L. (2002). Classical twin studies and beyond. Nature 

Reviews Genetics, 3, 872-882. doi:10.1038/nrg932 

Caspi, A., Sugden K., Moffitt, T. E., Taylor, A., Craig, I. W., Harrington, H., . . . Poulton, R. 

(2003). Influence of life stress on depression: Moderation by a polymorphism in the 5-HTT 

gene. Science, 301, 386-389. doi:10.1126/science.1083968 

Cicchetti, D., Rogosch, F. A., & Thibodeau, E. L. (2012). The effects of child maltreatment on 

early signs ofantisocial behavior: Genetic moderation by tryptophan hydroxylase, serotonin 

transporter, and monoamine oxidase A genes. Development and Psychopathology, 24, 907-

928. doi:10.1017/S0954579412000442 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). New York, NY: 

Lawrence Erlbaum Associates. 

Conroy, J., Meally, E., Kearney, G., Fitzgerald, M., Gill, M., & Gallagher, L. (2004). 

Serotonin transporter gene and autism: A haplotype analysis in an Irish 

autistic population. Molecular Psychiatry, 9, 587–593. doi:10.1038/sj.mp.4001459 

Duncan, L. E., & Keller, M. C. (2011). A critical review of the first 10 years of candidate gene-

by-environment interaction research in psychiatry. The American Journal of Psychiatry, 168, 

1041-1049. 

English, D. J., Bangdiwala, S. I., & Runyan, D. K. (2005). The dimensions of maltreatment:  

Introduction. Child Abuse & Neglect, 29, 441-460. doi:10.1016/j.chiabu.2003.09.023 

English, D. J. & the LONGSCAN Investigators. (1997). Modified Maltreatment Classification 

System (MMCS). Retrieved from http://www.iprc.unc.edu/longscan/ 

Feil, R. & Fraga, M. F. (2012). Epigenetics and the environment: emerging patterns and 

implications. Nature Reviews Genetics, 13, 97-109. doi:10.1038/nrg3142 

  



CHILD MALTREATMENT AND METHYLATION DENSITY OF 5HTTLPR   27 

 

Feinn, R., Nellissery, M., & Kranzler, H. R. (2005). Meta-analysis of the association of a 

functional serotonin transporter promoter polymorphism with alcohol dependence. American 

Journal of Medical Genetics Part B, 133B, 79–84. doi:10.1002/ajmg.b.30132 

Fraga, M. F., Ballestar, E., Paz, M. F., Ropero, S., Setien, F., & Esteller, M (2005). Epigenetic 

differences arise during the lifetime of monozygotic twins. PNAS, 30, 10604-10609. 

doi:10.1073_pnas.0500398102 

Franklin, T. B., & Mansuy, I. M. (2010) Epigenetic inheritance in mammals: Evidence for the 

impact of adverse environmental effects. Neurobiology of Disease, 39, 61–65. 

doi:10.1016/j.nbd.2009.11.012 

Gudsnuk, K. M. A., & Champagne, F. A. (2011). Epigenetic effect of early developmental 

experiences. Clinics in Perinatology, 38, 703-717. doi:10.1016/j.clp.2011.08.005 

Haig, D. (2007). Weismann Rules! OK? Epigenetics and the Lamarckian temptation. Biology 

and Philosophy, 22, 415-428. doi:10.1007/s10539-006-9033-y 

Heijmans, B. T., Kremer, D., Tobi, E. W., Boomsma, D. I., & Slagboom, P. E. (2007). Heritable 

rather than age-related environmental and stochastic factors dominate variation in DNA 

methylation of the human IGF2/H19 locus. Human Molecular Genetics, 16, 547-554. 

doi:10.1093/hmg/ddm010 

Heijmans, B. T., & Mill, J. (2012). Commentary: The seven plagues of epigenetic epidemiology. 

International Journal of Epidemiology, 41, 74-78. doi:10.1093/ije/dyr225 

Heijmans, B. T., Tobi, W. E., Lumey, L. H., & Slagboom, P. E. (2009). The epigenome. Archive 

of the prenatal development. Epigenetics, 4, 526-531. 

Heijmans, B. T., Tobi, E. W., Stein, A. D., Putter, H., Blauw, G. J., Susser, E. S., . . . Lumey, L. 

H. (2008). Persistent epigenetic differences associated with prenatal exposure to famine in 

humans. PNAS, 105, 17046-17049. doi:10.1073_pnas.0806560105 

Heim, C., & Binder, E. B. (2012). Current research trends in early life stress and depression: 

Review of human studies on sensitive periods, gene–environment interactions, and 

epigenetics. Experimental Neurology 233, 102–111. doi:10.1016/j.expneurol.2011.10.032 

Jablonka, E., & Lamb, M. J. The changing concept of epigenetics. Annals of the New York 

Academy of Sciences, 981, 82-96.  

Jeltsch, A. (2002). Beyond Watson and Crick: DNA methylation and molecular enzymology of 

DNA methyltransferases. ChemBioChem, 3, 274-293.  



CHILD MALTREATMENT AND METHYLATION DENSITY OF 5HTTLPR   28 

 

Karg, K., Shedden, K, Burmeister, M., & Sen, S. (2011). The serotonin transporter 

promoter variant (5-HTTLPR), stress, and depression meta-analysis 

revisited: evidence of genetic moderation. Archives of General Psychiatry, 68, 444-454. 

doi:10.1001/archgenpsychiatry.2010.189 

Keyes, K. M., Eaton, N. R., Kreuger, R. F., McLaughin, K. A., Wall, M. M., Grant, B. F., & 

Hasin, D. S. (2012). Childhood maltreatment and the structure of common psychiatric 

disorders. The British Journal of Psychiatry, 200, 107-115. doi:10.1192/bjp.bp.111.093062 

Kilpatrick, D. G., Koenen, K. C., Ruggiero, K. J., Acierno, R., Galea, S., Resnick, H. S., . . . 

Gelernter, J. (2007). The serotonin transporter genotype and social support and moderation 

of posttraumatic stress disorder and depression in hurricane-exposed adults. American 

Journal of Psychiatry, 164, 1693-1699.  

Kiyohara, C., & Yoshimasu, K. (2010). Association between major depressive disorder and a 

functional polymorphism of the 5-hydroxytryptamine (serotonin) transporter gene: a meta-

analysis. Psychiatric Genetics, 20, 49–58. doi:10.1097/YPG.0b013e328335112b 

Koenen, K. C., Uddin, M., Chang, S-C., Aiello, A. E., Wildman, D. E., Goldmann, E., & Galea, 

S. (2011). SLC6A4 methylation modifies the effect of the number of traumatic events on risk 

for posttraumatic stress disorder. Depression and Anxiety, 28, 639-647. 

doi:10.1002/da.20825 

Litrownik, A. J., Lau, A., English, D. J., Briggs, E., Newton, R. R., Romney, S., & Dubowitz, H. 

(2005). Measuring the severity of child maltreatment. Child Abuse & Neglect, 29, 553-573. 

doi:10.1016/j.chiabu.2003.08.010 

Magnus, P., Berg, K., & Nance, W. E. (1983). Predicting zygosity in Norwegian twin pairs born 

1915-1960. Clinical Genetics, 24, 103-112. 

Main, M., Kaplan, N., & Cassidy, J. (1985). Security in infancy, childhood and adulthood: A 

move to the level of representation. Monographs of the Society for Research in Child 

Development, 50, 66-104. 

McCrory, E., De Brito, S. A., & Viding, E. Research review: The neurobiology and genetics of 

maltreatment and adversity. Journal of Child Psychology and Psychiatry, 51, 1079–1095. 

doi:10.1111/j.1469-7610.2010.02271.x_ 2010 

Meaney, M. J. (2010). Epigenetics and the biological definition of gene x environment 

interactions. Child Development, 81, 41-79. doi:10.1111/j.1467-8624.2009.01381.x 



CHILD MALTREATMENT AND METHYLATION DENSITY OF 5HTTLPR   29 

 

Munafò, M. R., Durrant, C., Lewis, G., & Flint, J. (2009). Gene-Environment interactions at the 

serotonin transporter locus. Biological Psychiatry, 65, 211-219. 

doi:10.1016/j.biopsych.2008.06.009 

Munafò, M. R., & Flint, J. (2009). Replication and heterogeneity in gene x environment studies. 

International Journal of Neuropsychopharmacology, 12, 727–729. 

doi:10.1017/S1461145709000479 

Naumova, O. Y., Lee, M., Kopsov, R., Szyf, M., Dozier, M., & Grigorenko, E. L. (2012). 

Differential patterns of whole-genome DNA methylation in institutionalized children and 

children raised by their biological parents. Development and Psychopathology 24, 143–155. 

doi:10.1017/S0954579411000605 

Out, D., Pieper, S., Bakermans-Kranenburg, M. J., & Van IJzendoorn, M. H. (2010). 

Physiological reactivity to infant crying: A behavioral genetic study. Genes, Brain and 

Behavior, 9, 868-876. doi:10.1111/j.1601-183X.2010.00624.x 

Out, D. (2010). Parenting unraveled. Predictors of infant attachment and responses to crying. 

Nederland, Leiden: Mostert & Van Onderen.  

Park, B-Y., Lee, B-C., Jung, K. H., Jung, M. H., Park, B. L., Chai, Y. G., & Choi, I-G. (2011). 

Epigenetic changes of serotonin transporter in the patients with alcohol dependence: 

Methylation of an serotonin transporter promoter CpG island. Psychiatry Investigation, 8, 

130-133. doi:10.4306/pi.2011.8.2.130 

Philibert, R. A., Madan, A., Anderson, A., Cadoret, R., Packer, H., & Sandhu, H. (2007). 

Serotonin transporter mRNA levels are associated with the methylation of an upstream CpG 

island. American Journal of Medical Genetics Part B, 144, 101–105. 

doi:10.1002/ajmg.b.30414 

Philibert, R. A., Sandhu, H., Hollenbeck, N., Gunter, T. Adams, W., & Madan, A. (2008). The 

relationship of 5HTT (SLC6A4) methylation and genotype on mRNA expression and 

liability to major depression and alcohol dependence in subjects from the Iowa adoption 

studies. American Journal of Medical Genetics Part B (Neuropsychiatric Genetics), 147B, 

543-549. doi:10.1002/ajmg.b.30657 

Pieper, S., Bakermans-Kranenburg, M. J., & Van IJzendoorn, M. H. (2011). Behavioral and 

molecular genetics of dissociation: The role of the serotonin transporter gene promoter 

polymorphism (5-HTTLPR). Journal of Traumatic Stress, 24, 373-380. doi:10.1002/jts 



CHILD MALTREATMENT AND METHYLATION DENSITY OF 5HTTLPR   30 

 

Risch, N., Herrell, R., Lehner, T., Liang, K-Y., Eaves, L., Hoh, J. . . Merikangas, K. R. (2009). 

Interaction between the serotonin transporter gene (5-HTTLPR), stressful life events, and 

risk of depression.: a meta-analysis. JAMA, 23, 2462-492. 

Rodriguez, S., Gaunt, T. R., & Day, I. N. M. (2009). Hardy-Weinberg equilibrium testing of 

biological ascertainment for Mendelian randomization studies. American Journal of 

Epidemiology. Advance Access publication. doi:10.1093/aje/kwn359 

Sedlak, A.J., Mettenburg, J., Basena, M., Petta, I., McPherson, K., Greene, A., and Li, S. (2010). 

Fourth National Incidence Study of Child Abuse and Neglect (NIS–4): Report to Congress. 

Washington, DC: U.S. Department of Health and Human Services, Administration for 

Children and Families. 

Spann, M. N., Mayes, L. C., Kalmar, J. H., Guiney, J., Womer, F. Y., Pittman, B., . . . Blumber, 

H. P. (2012). Childhood abuse and neglect and cognitive flexibility in adolescents. Child 

Neuropsychology, 18, 182-189. doi:10.1080/09297049.2011.595400 

Sugawara, H., Iwamoto, K., Bundo, M., Ueda, J., Miyauchi, T., Komori, A., . . . Kato, T. (2011). 

Hypermethylation of serotonin transporter gene in bipolar disorder detected by epigenome 

analysis of discordant monozygotic twins. Translational Psychiatry, 1, e24. 

doi:10.1038/tp.2011.26 

Suzuki, M. M., & Bird, A. (2008). DNA methylation landscapes: provocative insights from 

epigenomics. Nature Reviews Genetics, 9, 465-476. doi:10.1038/nrg2341 

Szyf, M. (2009). The early life environment and the epigenome. Biochimica et Biophysica Acta, 

1790, 878-885. doi:10.1016/j.bbagen.2009.01.009 

Talens, R. P., Boomsma, D. I., Tobi, E. W., Kremer, D., Jukema, J. W., Willemsen, G., . . . 

Heijmans, B. T. (2010). Variation, patterns, and temporal stability of DNA methylation: 

consideration for epigenetic epidemiology. The FASEB Journal, 24, 3135-3144. 

doi:10.1096/fj.09-150490 

Talens, R. P., Christensen, K., Putter, H., Willemsen, G., Christiansen, L., Kremer, D., . . . 

Heijmans, B. T. (2012). Epigenetic variation during the adult life span: cross-sectional and 

longitudinal data on monozygotic twin pairs. Aging Cell, 11, 694–703. doi:10.1111/j.1474-

9726.2012.00835.x 

Taylor, S. E., Way, B. M., Welch, W. T., Hilmert, C. J., Lehman, B. J., & Eisenberger, N. I. 

(2006). Early family environment, current adversity, the serotonin transporter promoter 



CHILD MALTREATMENT AND METHYLATION DENSITY OF 5HTTLPR   31 

 

polymorphism and depressive symptomatology. Biological Psychiatry, 60, 671-676. 

doi:10.1016/j.biopsych.2006.04.019 

Teisl, M., & Cicchetti, D. (2008). Physical abuse, cognitive and emotional processes, and 

aggressive/disruptive behavior problems. Social Development, 17(1), 1-17. 

doi:10.1111/j.1467-9507.2007.00412.x 

Twisk, J. W. R. (2006). Applied multilevel analysis. Cambridge: University Press. 

Uher, R., Caspi, A., Houts, R., Sugden, K., Williams, B., Poulton, R., & Moffitt, T. E. (2011). 

Serotonin transporter gene moderates childhood maltreatment’s effects on persistent but not 

single-episode depression: Replications and implications for resolving inconsistent results. 

Journal of Affective Disorders, 135, 56–65. doi:10.1016/j.jad.2011.03.010 

Tobi, E. W., Lumey, L. H., Talens, R. P., Kremer, D., Putter, H., Stein, A. D., . . . Heijmans, B. 

T. (2009). DNA methylation differences after exposure to prenatal famine are common and 

timing- and sex-specific. Human Molecular Genetics, 18, 4046–4053. 

Uher, R., Caspi, A., Houts, R., Sugden, K., Williams, B., Poulton, R., . . . Moffit, T. E. (2011). 

Serotonin transporter gene moderates childhood maltreatment’s effects on persistent but not 

single-episode depression: Replications and implications for resolving inconsistent results. 

Journal of Affective Disorders, 135, 56–65. doi:10.1016/j.jad.2011.03.010 

Uher, R., & McGuffin, P. (2010). The moderation by the serotonin transporter gene of 

environmental adversity in the etiology of depression: 2009 update. Molecular Psychiatry, 

15, 18-22. doi:10.1038/mp.2009.123 

Van IJzendoorn, M. H., Bakermans-Kranenburg, M. J., & Ebstein, R. P. (2011). Methylation 

matters in child development: Toward developmental behavioral epigenetics. Child 

Development Perspectives, 5, 305-310. doi:10.1111/j.1750-8606.2011.00202.x 

Van IJzendoorn, M. H., Belsky, J., & Bakermans-Kranenburg, M. J. (2012). Serotonin 

transporter genotype 5HTTLPR as a marker of differential susceptibility? A meta-analysis of 

child and adolescent gene-by-environment studies. Translational Psychiatry, 2, e147, 

doi:10.1038/tp.2012.73. 

Van IJzendoorn, M. H., Caspers, K., Bakermans-Kranenburg, M. J., Beach, S. R. H., & Philibert, 

R. (2010). Methylation matters: Interaction between methylation density and serotonin 

transporter genotype predicts unresolved loss or trauma. Biological Psychiatry, 68, 405-407. 

doi:10.1016/j.biopsych.2010.05.008 



CHILD MALTREATMENT AND METHYLATION DENSITY OF 5HTTLPR   32 

 

Vijayendran, M., Beach, S. R. H., Plume, J. M., Brody, G. H., & Philibert, R. A. (2012). Effects 

of genotype and child abuse on DNA methylation and gene expression at the serotonin 

transporter. Frontiers in Psychiatry, 3(55), 1-7. doi:10.3389/fpsyt.2012.00055 

Waddington, C. H. (1942). The epigenotype. Endeavour, January, 1942, 18–20. 

Wegman, H. L., & Stetler, C. (2009). A meta-analytic review of the effects of childhood abuse 

on medical outcomes in adulthood. Psychosomatic Medicine, 71, 805-812. 

doi:10.1097/PSY.0b013e3181bb2b46 

Wendland, J. R., Martin, B. J., Kruse, M. R., Lesch, K. P., & Murphy, D. L. (2006). 

Simultaneous genotyping of four functional loci of human SLC6A4, with a reappraisal of 5-

HTTLPR and rs25531. Molecular Psychiatry, 11, 224–226. doi:10.1038/sj.mp.4001789 

Widom, C. S., DuMont, K., & Czaja, S. J. (2007). A prospective investigation of major 

depressive disorder and comorbidity in abused and neglected children grown up. Archives of 

General Psychiatry, 64, 49-56.  

Widom, C. S., Czaja, S. J., & Paris, J. (2009). A prospective investigation of borderline 

personality disorder in abused and neglected children followed up into adulthood. Journal of 

Personality Disorders, 23, 433-446.  

Wong, C. C. Y., Caspi, A., Williams, B., Craig, J. W., Houts, R., Ambler, A., . . . Mill, J. (2010). 

A longitudinal study of epigenetic variation in twins. Epigenetics, 5, 516-526. 

doi:10.4161/epi.5.6.12226 

Zammit, S., & Owen, M. J. (2006). Stressful life events, 5-HTT genotype and risk of depression. 

The British Journal of Psychiatry, 188, 199-201. doi:10.1192/bjp.bp.105.020644 

Zhang, T. Y., & Meaney, M. J. (2010). Epigenetics and the environmental regulation of the 

genome and its function. Annual Review of Psychology, 61, 439-466. 

doi:10.1146/annurev.psych.60.110707.163625 


