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Abstract
Objective. Child maltreatment is among the strongest predictors of posttraumatic stress disorder (PTSD). However, less than 40% of children who have been maltreated are ever diagnosed with PTSD, suggesting that exposure to child maltreatment alone is insufficient to explain this risk. This study examined whether epigenetic age acceleration, a stress-sensitive biomarker derived from DNA methylation, explains variation in PTSD diagnostic status subsequent to child maltreatment. Method. Children and adolescents (N = 70; 65.7% female), 8-15 years of age (M = 12.00, SD = 2.37) and exposed to substantiated child maltreatment within the twelve months prior to study entry, were enrolled. Participants provided epithelial cheek cells via buccal swab for genotyping and quantification of epigenetic age acceleration within a case-control design. PTSD diagnostic status was determined using the Child PTSD Symptoms Scale according to the DSM-IV-TR algorithm. Results. Epigenetic age acceleration predicted current PTSD status, revealing an effect size magnitude in the moderate range, OR = 2.35, 95% CI: 1.22 - 4.51, after adjusting for sample demographics, polygenic risk for PTSD, and lifetime exposure to other childhood adversities. Supplemental analyses demonstrated that epigenetic age acceleration was related to a greater severity of PTSD arousal symptoms (r = .29, p = .015). There were no differential effects for child maltreatment subtype on epigenetic age acceleration or PTSD status. Conclusions. The biological embedding of child maltreatment may explain variation in PTSD diagnostic status and serve as a novel approach for informing selective prevention or precision-based therapeutics for those at risk for PTSD.
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Child maltreatment is an act of commission or omission on the part of a caregiver that results in harm or risk for harm toward a child, including acts of physical abuse, sexual abuse, and neglect (World Health Organization, 2014). Rates of child maltreatment in the U.S. are among the highest in industrialized nations (Gilbert et al., 2012) with annual incidences approaching one million children (Sedlak et al., 2010; U.S. Department of Health and Human Services, 2019) and an overall prevalence ranging from 12.5%-34.7% of the entire pediatric population (Kim et al., 2017; Wildeman et al., 2014). Of all the traumas and adversities children are exposed to, child maltreatment is among the strongest predictors of posttraumatic stress disorder (PTSD; McLaughlin et al., 2017), a debilitating psychiatric condition affecting 4.7%-5.0% of the general pediatric population (McLaughlin et al., 2013; Merikangas et al., 2010) but up to 14.2%-37.5% of those children exposed to maltreatment (Alisic et al., 2014; Scott et al., 2010; Widom, 1999). This increased prevalence is noteworthy from a public health perspective, as PTSD can have a severe and chronic course (Green et al., 2010; Santiago et al., 2013) that results in significantly higher medical costs (Bonomi et al., 2008) even when compared to more prevalent psychiatric disorders (Ivanova et al., 2011; Marciniak et al., 2005). 
However, many children fail to meet PTSD diagnostic criteria following exposure to child maltreatment (Copeland et al., 2007), suggesting that child maltreatment alone is insufficient to explain the increased risk for PTSD. Accounting for this variation, conceptual models of the biological embedding of early life adversity (Lupien et al., 2009; Shonkoff et al., 2012) suggest that the effects of child maltreatment can alter long-term genomic control of broad mental health abilities, such as attention, mood, memory, and threat sensitivity (Juster et al., 2011), that increase the risk for PTSD and extend its course across developmental stages. Epigenetic modifications such as DNA methylation, the addition of a methyl group to cytosines often in cytosine-phosphate-guanine (CpG) dinucleotides (Adams, 1995; Aristizabal et al., 2019), are a candidate mechanism explaining how an adverse environment such as child maltreatment affects gene expression in a way that alters the presentation of downstream psychiatric phenotypes (McGowan & Roth, 2015; Szyf & Bick, 2013). Animal models of child maltreatment suggest a lasting impact on genomic function, where changes in DNA methylation and gene expression have been observed over time (Liu et al., 1997; Roth et al., 2009; Weaver et al., 2004). Translational research in humans is emerging, where a history of child maltreatment has predicted greater variation in DNA methylation at several stress-mediating sites, including SLC6A4 (Beach et al., 2011; Vijayendran et al., 2012), NR3C1 (McGowan et al., 2009; Romens et al., 2015; Turecki & Meaney, 2016), and FKBP5 (Mehta et al., 2013). These results indicate that child maltreatment may lead to sustained changes in epigenetic regulation of gene expression specifically in regions related to PTSD (Mehta et al., 2011; Yehuda et al., 2009). However, variation in complex traits such as PTSD will not be successfully informed by the examination of epigenetic marks at only one or several genomic regions. Rather, as with genetic variation, variation in DNA methylation subsequent to child maltreatment is most likely captured by an analysis that extends across many sites in the genome.
Epigenetic age (Horvath, 2013), a stress-sensitive biomarker derived from DNA methylation at 353 CpG sites across the genome, has emerged as a single, cross-tissue index of cellular aging with added explanatory power over chronological age when examining the risk for multiple domains of morbidity and mortality (Chen et al., 2016; Horvath et al., 2012; Marioni et al., 2015). Recent evidence suggests that exposure to early life adversity accelerates epigenetic aging as early as childhood (Jovanovic et al., 2017) with such acceleration continuing well into adulthood (Zannas et al., 2015). These results highlight how an adverse environment, such as one involving child maltreatment, can become embedded biologically to increase the risk for PTSD currently and over time. However, no study has examined whether accelerations in epigenetic age following exposure to child maltreatment explains variation in those who currently meet PTSD diagnostic criteria. Establishing epigenetic age acceleration as a biomarker of PTSD risk following child maltreatment has the potential to advance etiological models of PTSD as well as spur novel, precision-based interventions aimed at preventing or treating PTSD across the lifespan (Yehuda et al., 2013).
The current study tested whether accelerations in epigenetic age explain variation in current PTSD status following exposure to substantiated child maltreatment. Established risk factors for PTSD, including sample demographics (Brewin et al., 2000), polygenic risk (Duncan et al., 2018), and lifetime exposure to childhood adversities (Shenk et al., 2016), were included in the model to adjust risk estimates for epigenetic age acceleration and PTSD status. Supplemental analyses were conducted to identify whether epigenetic age acceleration was differentially related to PTSD symptom clusters, namely those most likely affected by changes in stress mediation. Finally, differences in epigenetic age acceleration and PTSD status were examined across child maltreatment subtypes to determine whether one or more subtypes were associated with accelerations in epigenetic age compared to other subtypes. The results of this study aim to advance efforts of examining epigenetic age acceleration as a potential biomarker explaining variation in PTSD status among those in the child maltreatment population, providing translational value for interventions designed to prevent or treat the occurrence and course of PTSD.
Methods
Sample 
The sample (N = 70) was generated using an epigenetic case-control association design examining variation in epigenetic age acceleration and PTSD diagnostic status for children exposed to substantiated maltreatment. Children between 8-15 years of age (M = 12.00, SD = 2.37) with a substantiated designation of child maltreatment in the twelve months prior to study entry were recruited from Child Protective Services (CPS) located in an urban, Mid-western county using a consecutive referral process. Fifty percent of the sample was exposed to child physical abuse, 41.4% was exposed to child sexual abuse, and 8.6% was exposed to child neglect. The majority of the sample was female (65.7%) and lived in a single-caregiver household (70.0%). Median family income was $10,000-$19,999. Racial demography was 50% African-American, 35.7% Caucasian, 10.0% Multi-racial, 2.9% Hispanic, and 1.4% Other. 
Procedures
All procedures were approved by the local institutional review board prior to data collection. Inclusion criteria were: 1) a substantiated record of child maltreatment occurring within the twelve months prior to study entry, 2) a willingness to provide biospecimens via buccal swabs, 3) fluency in English, 4) a parent or caregiver, defined as the primary, custodial adult who has had legal, permanent custody for at least six months, who is willing to participate and who was not the perpetrator of abuse, 5) placement in a stable caregiving environment for at least six months, meaning the child resided in the same home with an adult that had legal rights to supervise and care for that child for the prior six months, and 6) those children who were currently taking psychotropic medication were required to have taken that medication for two months prior to study entry without dose adjustment during that time, as common classes of medications used to treat acute psychiatric distress in the child maltreatment population, such as antidepressant medications, require this time to identify the proper medicine and achieve therapeutic dose. Caregivers accompanied their child to the study visit to provide written informed consent and parental permission. Child assent was also obtained from each participant. A single study assessment was conducted to collect all data reported in the current study. Caregivers provided all demographic information pertaining to child age, race, sex, and family income. Children provided biospecimens for quantifying DNA methylation and reported on lifetime exposure to childhood adversity and PTSD symptoms.
[bookmark: _GoBack]Measures
	Lifetime Exposure to Child Adversity. The Comprehensive Trauma Interview-Screen (Horowitz, 1998) is a 22-item, self-report measure assessing lifetime exposure (1 = Yes, 0 = No) to a variety of adversities common in childhood, including exposure to natural disasters, motor vehicle accidents, serious medical procedures and hospitalizations, violence in the community, witnessing domestic violence, bullying, use of substances in the home, and child maltreatment. The CTI-Screen has been used in prior child maltreatment research (Barnes et al., 2009; Shenk et al., 2016) with moderate to substantial reliability in individual recall of adverse events across successive interviews ( = .51-76) and good predictive validity with independent measures of PTSD symptoms. A composite index of the total number of childhood adversities endorsed other than child maltreatment, as the sample was selected based on a known history of exposure to child maltreatment, was calculated and used in subsequent statistical analysis to adjust PTSD risk estimates for exposure to other types of childhood adversity. 
Epigenetic Age Acceleration.  The Infinium Methylation EPIC Beadchip (EPIC array, Illumina, San Diego CA, USA) was used to characterize variation in DNA methylation. This microarray-based platform quantifies DNA methylation with single nucleotide resolution at more than 850,000 CpG and non-CpG sites. First, DNA was extracted from buccal epithelial cells and 1g of DNA was treated with sodium bisulfite using the Zymo EZ-96 DNA Methylation Kit™ (Zymo Research, Orange, CA, USA). Second, 200ng of bisulfite-treated DNA was amplified, fragmented, and hybridized on the EPIC array according to manufacturer protocols. Raw intensity values were directly loaded into R for quality control and normalization using the Minfi package (Bioconductor). Internal Illumina controls were used to assess the quality of staining, extension, hybridization, bisulfite conversion, and specificity. Signals from methylated (M) and unmethylated (U) bead types were calculated as = M/(U + M), resulting in beta values ranging from 0 (unmethylated) to 1 (methylated) and corresponding to 0 and 100% DNA methylation. All technical batch effects are accounted for using an empirical Bayes method (Johnson et al., 2007). Between samples differences in cell types composition were estimated using the method described by Smith et al (2015).
	Epigenetic age was calculated using Horvath’s method (Horvath, 2013), a multivariate predictor based on the DNA methylation of 353 clock CpGs. Briefly, Horvath’s method used elastic net regression to identify and select CpGs that best predicted chronological age in 8,000 samples encompassing 51 tissue and cell-types. Epigenetic age acceleration estimates for this study were generated by submitting beta values on DNA methylation from the 850k EPIC Beadchip to the Horvath epigenetic clock calculator (https://dnamage.genetics.ucla.edu/home). This calculator produces estimates of epigenetic age acceleration by regressing each individual’s epigenetic age on his or her chronological age (see Figure 1 for the relation between epigenetic age and chronological age in this sample). Residuals from this regression model reflect the unique variation in epigenetic aging, after accounting for the effects of chronological age, that are then used in subsequent statistical modeling as estimates of epigenetic age acceleration. Positive values of epigenetic age acceleration indicate faster aging, where negative values indicate slower aging. 
	Polygenic Risk Scores for PTSD.  Prior population-level, genome-wide association studies of the PTSD phenotype have identified a number of single nucleotide polymorphisms (SNPs) which, when combined in a polygenic score, account for a small but statistically significant portion of variance in PTSD case status (Duncan et al., 2018). The Global Screening Array (GSA v1.0) was used to assess genome-wide genetic variation in buccal-derived genomic DNA from all participants and derive polygenic risk scores (PRS) using the summary statistics provided by Duncan et al (2018). The p-value threshold for the SNPs included in the PTSD PRS was set to p  .001, as this threshold provided the largest improvement in Nagelkerke R2 in preliminary models of PTSD diagnostic status (e.g. Euesden et al., 2015). To ensure the PTSD PRS obtained with this sample was not unduly biased by population stratification, the first five principal components used to estimate racial ancestry were entered as predictors in a multiple regression model with PTSD PRS as the outcome. Residuals from this model, which reflect the genetic risk for PTSD after accounting for population stratification, were then included in all subsequent statistical analyses.
PTSD Diagnosis. The Child PTSD Symptoms Scale (CPSS; Foa et al., 2001) is a 24-item self-report measure of PTSD symptom severity and corresponding functional impairment for children 8-18 years of age exposed to a traumatic event. The CPSS contains 17 items that assess PTSD symptoms according to DSM-IV-TR diagnostic criteria, where items are rated on a 0 to 3 severity scale resulting in scores that range from 0 to 51. Internal consistency of the CPSS PTSD symptoms items in the current study was  = .91. Prior research has shown CPSS self-reported symptoms scores have good diagnostic accuracy in predicting PTSD status (You et al., 2017) and that generating PTSD diagnoses from CPSS symptom scores has good agreement (74.5%) with PTSD diagnoses generated from gold-standard psychiatric interviews, such as the Schedule of Affective Disorders and Schizophrenia for School-Aged Children (Gillihan et al., 2013). To be identified as a case in the current study, participants had to endorse 1 or more re-experiencing symptoms, 3 or more avoidance symptoms, and 2 or more arousal symptoms in the past month, consistent with establishing a PTSD diagnosis in prior CPSS research. An additional criterion was imposed for this study where PTSD cases were required to endorse at least 1 area of functional impairment, such as schoolwork, peer relationships, and engagement in pleasurable activities, along with the above symptom severity criteria. This additional criterion was imposed so that PTSD cases in this study most closely adhered to the PTSD diagnostic criteria specified in the DSM-IV-TR. 
Data Screening and Analytic Strategy
	Child sex (Female = 1, Male = 0), African-American ancestry (1 = Yes, 0 = No), family income, the total number of lifetime exposures to child adversities other than child maltreatment, and buccal cell count, which is an estimate of the quantity and type of cells collected from each swab, were entered into statistical modeling as covariates. Item-level missingness on the CPSS (n = 2 items or 0.17% of all CPSS items administered) was addressed using median, whole integer replacement based on all available, sample-wide observed responses for the respective CPSS items. The association between epigenetic age acceleration and PTSD diagnostic status was analyzed using logistic regression to assess the significance of risk and to report the effect size magnitude of this relation using the odds ratio (OR), consistent with genetic and epigenetic case-control association studies (Clarke et al., 2011). Supplemental analyses were then conducted to determine whether epigenetic age acceleration was related to specific PTSD symptom clusters and whether epigenetic age acceleration and PTSD diagnostic status varied by child maltreatment subtype.
Results 
Epigenetic Age Acceleration and PTSD
The average total PTSD symptom severity in this sample was 14.77 (SD = 11.14). Mean severity for PTSD symptom clusters was 4.49 (SD = 3.70) for re-experiencing, 5.20 (SD = 4.80) for avoidance behavior, and 5.07 (SD = 3.92) for arousal. There was a total of 45.7% of PTSD cases and 54.3% of non-PTSD controls. Table 1 provides the results of a zero-order correlation matrix among all variables included in the logistic regression model along with PTSD symptom severity scores and PTSD diagnostic status. Overall, the logistic regression model provided a good fit to the observed data, Hosmer and Lemeshow test: 2(8) = 8.92, p = .349, with a Nagelkerke R2 = .42. Individual parameter results of the logistic regression model demonstrated that accelerations in epigenetic age significantly predicted PTSD diagnostic status after adjusting for demographic variables, polygenic risk for PTSD, and lifetime exposure to childhood adversities other than child maltreatment, OR = 2.35 (95% CI: 1.22 - 4.51). The odds ratio indicates that a one unit increase in epigenetic age acceleration was associated with a 2.35 increase in the odds of having a PTSD diagnosis in this sample (see Table 2 for full model results). Figure 2 displays the relation between epigenetic age acceleration and the predicted probability of a PTSD diagnosis according to PTSD diagnostic status using model output.
Subsequent tests were conducted to assess the robustness of the results generated from logistic regression model. One, to promote future replication efforts, a simple logistic regression model was performed to generate an unadjusted risk estimate of the relation between epigenetic age acceleration and PTSD diagnostic status. The resulting unadjusted estimate was OR = 2.08, p = .011, 95% CI: 1.18-3.65. Two, a sensitivity analysis was performed where covariates that did not significantly predict PTSD status in the primary logistic regression were removed from the model prior to re-assessing the risk for PTSD based on accelerations in epigenetic age. Results from this empirically-derived and parsimonious model demonstrated that epigenetic age acceleration continued to predict PTSD diagnostic status, OR = 2.10, p = .014, 95% CI: 1.16-3.80, after adjusting this estimate for family income and exposure to lifetime adversities other than child maltreatment.
Supplemental analyses were performed to determine whether epigenetic age acceleration was more closely associated with one or more PTSD symptom clusters. Bivariate correlations among epigenetic age acceleration and each of the three DSM-IV-TR PTSD symptom clusters, re-experiencing, avoidance behavior, and arousal, showed a significant and moderate effect size relation between epigenetic age acceleration and PTSD arousal symptoms, r = .29, p = .015. There were no differences across child maltreatment subtypes with respect to epigenetic age acceleration, F(2,67) = .907, p = .409, or PTSD diagnostic status, 2(2) = .236, p = .889. Cumulative exposure to lifetime childhood adversity other than child maltreatment was unrelated to epigenetic age acceleration (r = .08, p = .523).
Discussion
	This is the first study to demonstrate that epigenetic age acceleration predicts current PTSD status following recent exposure to substantiated child maltreatment. These results are consistent with prior research (Mehta et al., 2013) and predictions from biological models (Juster et al., 2011; Lupien et al., 2009; Shonkoff et al., 2012) positing that exposure to early adverse environments, particularly child maltreatment, alters biological stress-mediating systems related to PTSD. Such findings may offer important insights into which children exposed to maltreatment may meet PTSD criteria and which may not. There are several design features of this study that strengthen inferences about the relation between epigenetic aging and PTSD status. One, all participants had been exposed to substantiated child maltreatment in the twelve months prior to study entry. Using substantiated cases of child maltreatment follows official government procedures for determining whether child maltreatment occurred (U.S. Department of Health and Human Services, 2019). Thus, these results may represent the biological changes and subsequent risk for PTSD experienced by those members of the child maltreatment population who have been exposed to substantiated maltreatment. Two, PTSD symptoms and corresponding functional impairment were measured using a well-established and validated instrument that was used to generate PTSD diagnoses according to the prevailing diagnostic algorithm at the time the study began. Finally, established risks of PTSD, such as child and family demographics, genetic risks for PTSD, as well as lifetime exposure to childhood adversities other than child maltreatment, were included in models so that the unique association between epigenetic age acceleration and PTSD status could be determined. 
Going beyond broad associations, the current study added specificity by showing the relation between epigenetic age acceleration and PTSD status was driven by a greater severity of symptoms in the arousal cluster domain, including such symptoms as hypervigilance, irritability, exaggerated startle responses, and difficulties sleeping. These supplemental analyses offer support for how changes in stress-mediating systems can affect downstream phenotypes in a theoretically-consistent manner as well as insight on how to advance future translational research on ways to prevent or treat PTSD in the child maltreatment population. Specifically, from a behavioral intervention perspective, the acquisition and use of relaxation skills, such as breathing retraining, and emotion regulation strategies, such as behavioral activation, following exposure to child maltreatment could be an efficient and effective way for targeting changes in DNA methylation while also preventing or reducing the severity of corresponding arousal symptoms, thereby reducing the risk for PTSD. Prior research has shown changes in DNA methylation as a result of behavioral intervention that corresponded with improvements in clinical endpoints (Yehuda et al., 2013). 
In this same vein, future research examining mediational processes that lead to and sustain accelerations in epigenetic age in the child maltreatment population over time can also provide an opportunity to identify novel targets for PTSD intervention. Neuroendocrine disruption is a hallmark feature of early life adversity (Gunnar & Vazquez, 2001; McEwen et al., 2016) and one specific profile involves elevated and prolonged neuroendocrine activation in the initial years following child maltreatment that is followed by an attenuation of cortisol secretion over time (Trickett et al., 2010). Prolonged exposure to elevated concentrations of cortisol can alter DNA methylation and the expression of glucocorticoid responsive genes (Lee et al., 2010; Thomassin et al., 2001). Similarly, treatment with the glucocorticoid agonist, dexamethasone, produced changes in DNA methylation at multiple CpG sites used to calculate epigenetic age acceleration (Zannas et al., 2015). This remodeling of DNA methylation in response to prolonged neuroendocrine activation, particularly in glucocorticoid-sensitive genomic regions included in the epigenetic age index, can explain how exposure to early life adversity may accelerate epigenetic age and explain variation in PTSD status and course. Testing empirically whether neuroendocrine disruption mediates the acceleration of epigenetic age in long-term, prospective cohort research with the child maltreatment population has the potential to identify those who may be at risk for a persistent course of PTSD and how this course may be prevented or even treated across the lifespan. 
An important consideration of these results is the use of the DSM-IV-TR diagnostic algorithm to establish cases of PTSD, an algorithm that is no longer in use. Data collection for the current study began at a time when DSM-IV-TR was the prevailing diagnostic model, which is why PTSD symptoms were measured according to DSM-IV-TR criteria and not the current DSM-5 (American Psychiatric Association, 2013). Research on the differences between PTSD measured in DSM-IV-TR and DSM-5 is ongoing, although existing research suggests that PTSD prevalence estimates between DSM-IV-TR and DSM-5 are similar (Elhai et al., 2012) with slight reductions in DSM-5 PTSD prevalence largely due to the removal of the unexpected or accidental death of a family member or friend due to natural causes as a traumatic event (Kilpatrick et al., 2013). Many measures of PTSD, including the CPSS (Foa et al., 2018), have now been revised to validly measure PTSD according to the new DSM-5 criteria. Future research can therefore assess and potentially replicate the current findings by examining epigenetic age acceleration in the child maltreatment population using these updated assessment instruments.  
Future research in this area could also provide important information regarding protective factors that may prevent the accelerated epigenetic aging that can occur in a portion of the child maltreatment population. While there is literature to support factors that promote resilience in response to child maltreatment, including individual factors (e.g. higher cognitive ability, effective self-regulation, etc.) and supportive family and community relationships (Heller et al., 1999), there is currently little evidence to demonstrate whether or which of these might affect DNA methylation and epigenetic aging directly. Identifying specific factors that may impact epigenetic aging in response to trauma, and thereby decrease the likelihood of developing PTSD, would allow for early intervention to focus on bolstering those factors when child maltreatment has been disclosed and substantiated. Additionally, given that previous research has suggested that epigenetic aging following early life adversity continues to progress into adulthood (Zannas et al., 2015), future studies could examine the rate of epigenetic aging following a childhood diagnosis of PTSD and subsequent trauma intervention. Information regarding therapies that prevent or slow the development of accelerated epigenetic aging and its associated costs would be highly valuable.
There are several limitations to the current study that also warrant consideration. One, the sample is small and drawn from a segment of the child maltreatment population where known instances of child maltreatment were investigated and substantiated. Thus, results may not generalize to the broader child maltreatment population or measuring child maltreatment in other ways. Two, this case-control study, where the entire sample was exposed to substantiated child maltreatment, is unable to determine whether child maltreatment was the cause of variation in DNA methylation and epigenetic age acceleration. Prior research has found that self-reported child maltreatment was associated with changes in DNA methylation at glucocorticoid sensitive genomic sites related to PTSD (Mehta et al., 2013) while other studies have failed to find a relation between self-reported child maltreatment and accelerations in epigenetic aging (Zannas et al., 2015). Future research should continue to evaluate the role child maltreatment plays in accelerating epigenetic aging after accounting for exposure to additional childhood adversities and across different measurement strategies, namely substantiated cases versus self-report methods, as these different measurement strategies can produce highly discordant results when measuring child maltreatment and its effects (Baldwin et al., 2019). Ideally, research incorporating both measurement strategies holds the greatest potential to establish what effect child maltreatment may have on epigenetic aging and how best to detect this effect. Three, this study is cross-sectional and therefore it remains unknown whether accelerations in epigenetic aging in childhood can predict PTSD status in adulthood or a chronic course of this disorder. Four, the number of families who refused to participate in this study due to the inclusion criterion of being willing to provide biospecimens was not recorded, thus it is not possible to state whether or not this criterion created a selection bias in the current sample. Imposing such a criterion has historically and disproportionately affected participation by individuals of non-European descent. However, this concern is mitigated in part by the racial demography of the current sample, where members from diverse minority groups constituted the majority of the sample. Finally, this study focused on child maltreatment that occurred in the past year and did not examine maltreatment during sensitive or critical periods of development (Marini et al., 2020). Exposure to maltreatment during such periods, such as prior to age four, may exert long-lasting effects on biological stress processes that explain the development and course of PTSD and related disorders (Lupien et al., 2009). 
	Despite these limitations, the results of this study have implications for etiological models of PTSD in the child maltreatment population where epigenetic age acceleration added unique explanatory power in determining who met current PTSD status and who did not. With future replication, epigenetic age acceleration could be used as a biomarker for identifying those children who are at greatest risk for PTSD while offering important information for interventions aiming to prevent or treat PTSD. 
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Table 1.
Zero-order Correlations among Parameters in Logistic Regression Model and PTSD Outcomes
	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1. Child Sex
	-
	
	
	
	
	
	
	
	

	2. African-American Ancestry
	.06
	-
	
	
	
	
	
	
	

	3. Family Income
	-.09
	-.33**
	-
	
	
	
	
	
	

	4. Lifetime Adversity
	-.03
	-.40***
	.04
	-
	
	
	
	
	

	5. Buccal Cell Count
	.45***
	-.01
	.22
	.07
	-
	
	
	
	

	6. PTSD Polygenic Risk Score
	.16
	-.00
	.14
	.03
	.02
	-
	
	
	

	7. Epigenetic Age Acceleration
	.16
	-.23
	.17
	.08
	.12
	.07
	-
	
	

	8. PTSD Symptom Severity
	.19
	-.25*
	.15
	.62***
	.11
	.14
	.24*
	-
	

	9. PTSD Diagnostic Status
	-.00
	-.23
	.24*
	.40***
	.00
	.14
	.32**
	.74***
	-



Note. ‘Sex’ was dummy coded as Female = 1, Male = 0; ‘African-American Ancestry’ was dummy coded as Yes = 1, No = 0; ‘Lifetime Trauma and Adversity” is a composite index of the total number of lifetime traumas and adversities endorsed other than child maltreatment; PTSD = posttraumatic stress disorder. *** = p  .001; ** p  .01; * = p  .05.

Table 2. 
Logistic Regression Model Results
	Parameter
	b
	SE
	Wald
	p
	OR
	95% CI

	Constant
	1.32
	5.05
	0.07
	.794
	
	
0.29 - 4.91
0.47 - 8.73
1.02 - 1.98
1.18 - 2.14
0.81 - 1.07
0.66 - 2.41
1.22 - 4.51

	Child Sex
	0.18
	0.72
	0.06
	.801
	1.20
	

	African-American Ancestry
	0.70
	0.75
	0.89
	.347
	2.02
	

	Family Income
	0.35
	0.17
	4.21
	.040
	1.42
	

	Lifetime Adversity
	0.47
	0.15
	9.49
	.002
	1.59
	

	Buccal Cell Count
	-0.07
	0.07
	1.06
	.303
	0.93
	

	PTSD Polygenic Risk Score
	0.23
	0.33
	0.47
	.491
	1.26
	

	Epigenetic Age Acceleration
	0.85
	0.33
	6.52
	.011
	2.35
	



Note. ‘Sex’ was dummy coded as Female = 1, Male = 0; ‘African-American Ancestry’ was dummy coded as Yes = 1, No = 0; ‘Lifetime Trauma and Adversity” is a composite index of the total number of lifetime traumas and adversities endorsed other than child maltreatment; PTSD = posttraumatic stress disorder; SE = standard error for the beta value; OR = odds ratio; 95% CI = 95% confidence interval for the odds ratio.


[image: ]
Figure 1. Correlation between Child Chronological Age and Raw Epigenetic Age Estimates according to PTSD Status. Lines represent linear fit and 95% confidence interval.



[image: ]
Figure 2. Predicted Probabilities of a DSM-IV-TR Diagnosis of Posttraumatic Stress Disorder (PTSD) Arranged According to Epigenetic Age Acceleration Estimates and Actual PTSD Diagnostic Status.  Predicted probabilities (N = 70) were obtained for each child in the sample from the logistic regression model results presented in Table 2. These probabilities are arranged according to observed epigenetic age acceleration estimates and PTSD diagnostic status. 
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