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A B S T R A C T   

Background: Epigenetics offers one promising method for assessing the psychobiological response 
to stressful experiences during childhood. In particular, deoxyribonucleic acid (DNA) methylation 
has been associated with an altered hypothalamus–pituitary–adrenal (HPA) axis and the onset of 
mental disorders. Equally, there are promising leads regarding the association between the 
methylation of the glucocorticoid receptor gene (NR3C1-1F) and child maltreatment and its link 
with HPA axis and psychopathology. 
Objective: The current study aimed to assess the evidence of a link among child maltreatment, 
NR3C1-1F methylation, HPA axis deregulation, and symptoms of psychopathology. 
Methods: We followed the Prisma guidelines and identified 11 articles that met our inclusion 
criteria. 
Results: We found that eight studies (72.72%) reported increased NR3C1-1F methylation associ-
ated with child maltreatment, specifically physical abuse, emotional abuse, sexual abuse, neglect, 
and exposure to intimate partner violence, while three studies (27.27%) found no significant 
association. Furthermore, a minority of studies (36.36%) provided additional measures of 
symptoms of psychopathology or cortisol in order to examine the link among NR3C1-1F 
methylation, HPA axis deregulation, and psychopathology in a situation of child maltreatment. 
These results suggest that NR3C1-1F hypermethylation is positively associated with higher HPA 
axis activity, i.e. increased production of cortisol, as well as symptoms of psychopathology, 
including emotional lability-negativity, externalizing behavior symptoms, and depressive 
symptoms. 
Conclusion: NR3C1-1F methylation could be one mechanism that links altered HPA axis activity 
with the development of psychopathology.   
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1. Introduction 

Child maltreatment is a social problem affecting the lives of millions of children (Tarantola, 2018). Approximately 40 million 
children worldwide below the age of 15 are subjected to child maltreatment each year (Butchart & Harvey, 2006). Child maltreatment 
includes all forms of physical abuse, sexual abuse, emotional abuse (or psychological abuse), neglect, and exploitation (Bellis & 
Thomas, 2003). New research avenues have begun to consider exposure to intimate partner violence as a form of child maltreatment 
(Wathen & Macmillan, 2013). Child maltreatment has been regarded as a major factor in the development of several psychopatho-
logical disorders, such as depression (Targum & Nemeroff, 2019), post-traumatic stress disorder (Moore et al., 2013) and anxiety 
(Rehan et al., 2017). 

Epigenetics offers one promising method for assessing the biological response to stressful experiences during childhood. One 
epigenetic mechanism that has been widely studied is the deoxyribonucleic acid (DNA) methylation of genes regarded as the addition 
of a methyl group to specific DNA sites (Wiley et al., 2016). Previous research has reported an association of hypermethylation of genes 
with child maltreatment (Beach et al., 2010; Hecker et al., 2016; Suderman et al., 2014). 

The nuclear receptor subfamily 3, group C, member 1 (NR3C1) gene has been extensively studied in the field of epigenetics because 
the protein encoded by this gene binds the stress hormone cortisol to create a negative feedback loop within the hypothal-
amic–pituitary–adrenal (HPA) axis, which regulates the body's neuroendocrine response to stress (Cecil et al., 2020; Laryea et al., 
2013; Liu et al., 2020). Although the NR3C1 gene contains nine exons, the focus of research has been placed on the methylation 
patterns of the exon 1F (Schür et al., 2018; Weaver et al., 2004). The discovery by Weaver et al. (2004) that increased pup licking and 
grooming and arched-back nursing by rat mothers altered the offspring epigenome at a glucocorticoid receptor gene promoter, 
particularly at the exon 17, prompted a new research field that has since been extended to human populations. Special attention has 
subsequently been paid to human exon 1F due to its homology with rat exon 17. This review focuses specifically on the exon 1F because 
substantial research has shown it to be susceptible to environmentally induced DNA methylation, which leads to reduced gene 
expression (Daskalakis & Yehuda, 2014; Witzmann et al., 2012). Furthermore, hypermethylation of the NR3C1, in particular exon 1F, 
has been associated with altered regulation of the HPA axis and negative long-term mental-health outcomes (Holmes et al., 2019; Liu & 
Nusslock, 2018). 

Recently, Cecil et al. (2020) conducted the first systematic review of human studies linking childhood maltreatment with DNA 
methylation. Their findings supported an association between childhood maltreatment and altered patterns of DNA methylation in 
several genes or across the whole genome. However, exposure to intimate partner violence was not considered a form of child 
maltreatment, and DNA methylation included several candidate genes (e.g., NR3C1, SLC6A4, FKBP5, BDNF, and OXTR). To our 
knowledge, no prior systematic review has addressed NR3C1-1F methylation in cases of child maltreatment, i.e. child neglect, child 
abuse, or exposure to intimate partner violence, with particular attention paid to its link with HPA axis deregulation and psychopa-
thology (see Table 1). 

The current study aimed to assess evidence of a link between child maltreatment and NR3C1-1F methylation, in particular the 
relationship among NR3C1-1F methylation associated with child maltreatment, its link with HPA axis, and psychopathology. 

2. Method 

We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (Prisma) statement (Moher et al., 2009). 

2.1. Study variables 

The study variables were child maltreatment, i.e. child exposure to intimate partner violence, child neglect, or child abuse, and 
NR3C1-1F methylation. 

2.2. Identification of all primary research 

To identify all primary research findings, we consulted two databases before 18 June 2020: PubMed and Web of Science. 
In PubMed, we searched for ((child exposure to domestic violence) OR (child maltreatment) OR (child neglect) OR (child abuse)) 

AND (DNA methylation) (135 results) and ((child abuse) OR (child neglect) OR (child maltreatment) OR (child exposure to domestic 
violence)) AND (methylation of NR3C1 gene) (34 results). In Web of Science, we searched for ((child exposure to domestic violence) 
OR (child maltreatment) OR (child neglect) OR (child abuse)) AND (DNA methylation) (139 results) and ((child abuse) OR (child 
neglect) OR (child maltreatment) OR (child exposure to domestic violence)) AND (methylation of NR3C1 gene) (26 results). 

Additional articles relating to our keywords were also obtained through the analysis of references cited in systematic reviews, meta- 
analyses, and research reports or articles consulted (10 results). 

2.3. Inclusion criteria 

To ensure a comparison of the results, the inclusion criteria were as follows: (1) studies must report empirical evidence published in 
peer-reviewed journals; (2) they must be written in English; (3) they must focus on human epigenetics; (4) they must measure DNA 
methylation levels quantitatively; (5) they must focus solely on the NR3C1 exon 1F because substantial research has shown it to be 
modulated by stressful life experiences; and, finally, (6) they must examine childhood maltreatment, i.e. child abuse, child neglect, or 
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Table 1 
Descriptive summary of studies investigating NR3C1 exon 1F methylation associated with child maltreatment.  

Study Nature of 
adversity 

Objective Sample Instrument Design Tissue Genes 
studied 

Cortisol or 
psychopathology 
outcome measures 

Epigenetic analysis Findings 

(Perroud 
et al., 
2011) 

Childhood 
sexual abuse 

Investigated the effect of 
childhood maltreatment 
and its severity on 
methylation of the exon 1F 

NR3C1 promoter 

101 BPD and 114 
MDD 

CTQ and interviews Cross-sectional 
and retrospective 
design with 3 
groups: BPD, 
MDD, and MDD 
with PTSD 

Blood samples NR3C1 
exon 1F 

No assessment DNA bisulfite treatment; PCR 
amplification followed by 
pyrosequencing 

Increased 
methylation 

(McGowan 
et al., 
2009) 

Childhood 
maltreatment 

Examined epigenetic 
differences in the NR3C1 
promoter of suicide victims 
with a history of childhood 
maltreatment and those 
without any history of 
childhood maltreatment 

12 suicide victims 
with HCA, 12 suicide 
victims with a 
negative HCA and 12 
controls 

Structured interviews 
using the Childhood 
Experience of Care and 
Abuse questionnaire 
adapted for 
psychological 
autopsies 

Cross-sectional 
study with 
exposed and 
control groups 

Hippocampal 
samples in the 
brain 

NR3C1 
exon 1F 

No assessment DNA bisulfite treatment, PCR 
amplification, cloning, and 
sequencing 

Increased 
methylation, 
decreased NGFI- 
A binding on 
methylated 
NR3C1 promoter 
in vitro 

(Martín- 
Blanco 
et al., 
2014) 

Childhood 
maltreatment 

Evaluated the association 
between NR3C1 
methylation status, 
childhood maltreatment, 
and current clinical 
severity 

281 participants CTQ: 28 items Cross-sectional 
study with no 
control group 

Blood samples NR3C1 
exon 1F 

No assessment Bisulfite treatment; PCR 
amplification followed by 
pyrosequencing 

Increased 
methylation 

(Romens 
et al., 
2015) 

Physical 
maltreatment 

Examined methylation of 
exon 1F of NR3C1 from 
leukocytes in children who 
experienced physical 
childhood maltreatment 

56 children CPS Cross-sectional 
study with 2 
groups: 
maltreated 
children and non- 
maltreated 
children 

Blood samples NR3C1 
exon 1F 

No assessment Bisulfite treatment; PCR 
amplification followed by 
pyrosequencing 

Increased 
methylation 

(Steiger 
et al., 
2013) 

Childhood 
abuse 

Explored in women with 
bulimia nervosa the extent 
to which methylation of the 
GR gene promoter 
corresponds to childhood 
abuse 

64 women with BN 
(32 with history of 
severe childhood 
abuse and 32 selected 
as having no such 
history) and 32 
women in the 
comparison group 
with no ED or history 
of childhood abuse 

Childhood Trauma 
Interview consisting of 
30-min structured 
interviews 

Cross-sectional 
study with a 
control group 

Blood samples NR3C1 
exon 1F 

No assessment Bisulfite treatment followed 
by EpiTyper processing 

No significant 
difference 

(Bustamante 
et al., 
2016) 

Childhood 
maltreatment 

Investigated the association 
of childhood maltreatment 
and major depressive 
disorder with DNA 
methylation and gene 
expression of the GR 

147 adult participants CTS and CTQ Cross-sectional 
study with a 
control group 

Blood samples NR3C1 
exon 1F 

Assessment of 
psychopathology 
outcome measures 

Bisulfite treatment; PCR 
amplification followed by 
pyrosequencing 

Increased 
methylation at 
the NGFI-A 
binding site 

(Radtke 
et al., 
2011) 

Exposure to 
intimate 
partner 
violence during 
pregnancy 

Analyzed methylation of 
the GR gene in mothers and 
their children 

25 dyads mother- 
child 

Structured interview Cross-sectional 
study with no 
control group 

Blood samples NR3C1 
exon 1F 

No assessment DNA bisulfite treatment; PCR 
amplification, cloning and 
sequencing 

Increased 
methylation 

(continued on next page) 
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Table 1 (continued ) 

Study Nature of 
adversity 

Objective Sample Instrument Design Tissue Genes 
studied 

Cortisol or 
psychopathology 
outcome measures 

Epigenetic analysis Findings 

(Vangeel 
et al., 
2015) 

Childhood 
trauma 

Examined DNA 
methylation of the GR gene 
(NR3C1) in CFS and 
associations with 
childhood sexual and 
physical trauma 

76 female patients 
(46 with no/mild and 
30 with moderate/ 
severe childhood 
trauma) and 19 
healthy controls 

Interviews using the 
Dutch version of the 
Structured Trauma 
Interview and 
questionnaires 
inquiring about 29 
types of potential 
trauma subdivided into 
5 subscales 

Cross-sectional 
study with a 
control group 

Blood samples NR3C1 
exon 1F 

Assessment of 
cortisol measures 

Bisulfite treatment followed 
by EpiTyper processing 

No significant 
difference 

(Vangeel 
et al., 
2018) 

Childhood 
trauma 

Investigated the association 
between NR3C1-1F 

methylation and chronic 
fatigue syndrome symptom 
severity in carefully 
screened chronic fatigue 
syndrome patients 
compared to a control 
group; used a well- 
validated tool to 
retrospectively assess 
childhood trauma 

80 female CFS 
patients and 91 
female controls 

CTQ-SF: 25 items Cross-sectional 
study with a 
control group 

Blood samples NR3C1 
exon 1F 

No assessment Bisulfite treatment followed 
by EpiTyper processing 

No significant 
difference 

(Farrell 
et al., 
2018) 

Emotional 
abuse 

Investigated whether 
cortisol concentrations, 
evaluated in 25 depressed 
patients and 20 controls, 
and measures of early life 
adversity were associated 
with the degree of 
methylation of these 
candidate gene regions 

67 individuals (33 
depressed patients 
and 34 controls) 

CTQ Cross-sectional 
study with a 
control group 

Blood samples NR3C1 
exon 1F 

and the 
FKBP5 
gene 
intron 7 

Assessment of 
cortisol measures 

Bisulfite treatment; PCR 
amplification followed by 
pyrosequencing 

Increased 
methylation 

(Cicchetti & 
Handley, 
2017) 

Childhood 
maltreatment 

Examined the effect of 
various dimensions of child 
maltreatment on 
methylation of the 
glucocorticoid receptor 
gene 

534 children divided 
in maltreated (53.4%) 
and non-maltreated 
(46.6%) children 

Maltreatment 
Classification System 

Cross-sectional 
study with a 
control group 

Salivary 
samples 

NR3C 
exon 1F 

Assessment of 
psychopathology 
outcomes measures 

Bisulfite treatment and 
whole genome methylation 
analysis using the 
HumanMethylation450 
BeadChip from Illumina 

Increased 
methylation 

Abbreviations. BD = Bipolar Disorder; BN = Bulimia Nervosa; BPD = Borderline Personality Disorder; CFS = Chronic Fatigue Symptoms; CpG = CG sites or CpG islands (or CG islands); CTQ = Child Trauma 
Questionnaire; CTQ-SF = Child Trauma Questionnaire short form; CTS = Conflict Tactics Scale; DNA = Deoxyribonucleic Acid; ED = Eating Disorder; EpiTYPER = Mass Spectrometry-Based Bisulfite 
Sequencing Method; GR or NR3C1 = Glucocorticoid receptor gene; HCA = History of Childhood Abuse; IPV = intimate partner violence; IPV = interpersonal violence; PTSD = Post-Traumatic Stress 
Disorder. 
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exposure to intimate partner violence. 
Studies were excluded if (1) they had the structure of review books, presentations, theses, literature reviews, meta-analyses, or 

magazines; (2) they were published in a language other than English; (3) they were conducted in animals, excluding humans; (4) they 
examined other types of epigenetic mechanisms, like histone modifications and non-coding RNAs; (5) they investigated methylation 
across the whole genome or methylation with other candidate genes, such as SLC6A4, FKBP5, BDNF, OXTR, MAOA, or 5-HT3A; (6) they 
examined child maltreatment simultaneously with other forms of early life adversity or calculated an adverse composite score; and, 
lastly, (7) they examined child maltreatment simultaneously with genetic polymorphism. 

2.4. Screening and eligibility 

After removal of the duplicates, the first (D.W.) and second (T.T.) authors screened the abstracts of all included studies and selected 
potentially eligible studies. All identified publications were written in English. Therefore it was not necessary to apply the language 
exclusion criterion. Next, both authors (D.W. and T.T.) read full-text studies to assess them for eligibility. Disagreements between the 
two authors were resolved by discussion and consensus based on inclusion and exclusion criteria. No actions were taken to seek 
additional information from the original researchers. 

2.5. Data processing, extraction, and synthesis 

We collected data from all eligible studies based on our variables: namely, child maltreatment (i.e. exposure to domestic violence, 
child neglect, or child abuse) and NR3C1 gene exon 1F methylation. We were interested in the percentage of methylation at CpGs in 
promoter regions (1F). The percentage of methylation at CpGs in other promoter regions, like 1B, 1C, and 1H, was not included in this 
review. Data extraction was performed based on ten variables: 1) nature of adversity, 2) objective, 3) sample, 4) instrument, 5) design, 
6) tissue investigated, 7) gene studied, 8) cortisol or psychopathology outcome measures, 9) epigenetic analysis, and 10) findings. One 
author (D.W.) extracted the main information from the included studies, and this information was independently reviewed and cross- 
checked for accuracy and completion by the second author (T.T.). Finally, we were interested in the statistical summary in terms of the 
percentage of strength, as well as the results of the statistical tests performed. 

3. Results 

Our search generated 344 records: 334 studies from a database search (169 from PubMed and 165 from Web of Science) and 10 
additional studies from lists of references. After filtering out the duplicates, we were left with 256 studies. Based on the available title 
abstract, a first screening gave us 90 studies. Full-text articles permitted us to exclude 79 of the 90 studies because they concerned other 
genes (42), intergenerational transmission (4), child maltreatment and gene polymorphism or other early life adversity (22), gene- 
environment (7) or were carried out on animals (4). A total of 11 original studies on child maltreatment and NR3C1-1F methyl-
ation were included in the systematic review. Fig. 1 illustrates the selection process of this systematic review. 

3.1. Descriptive summary 

We identified 11 studies reporting on the association between child maltreatment and NR3C1 exon 1F. Child maltreatment included 
sexual abuse, physical abuse, neglect, exposure to intimate partner violence during pregnancy, and emotional abuse. Notably, most 
studies were performed on a clinical population (n = 7), including patients with borderline personality disorder (Martín-Blanco et al., 
2014; Perroud et al., 2011), major depressive disorder (Bustamante et al., 2016; Farrell et al., 2018; Perroud et al., 2011), bulimia 
nervosa (Steiger et al., 2013), or chronic fatigue syndrome (Vangeel et al., 2015; Vangeel et al., 2018), while other researchers (n = 4) 
investigated a non-clinical population (Cicchetti & Handley, 2017; McGowan et al., 2009; Radtke et al., 2011; Romens et al., 2015). 
Most studies used a cross-sectional research design based on retrospective measures with an exposed and a control group (Bustamante 
et al., 2016; Cicchetti & Handley, 2017; Farrell et al., 2018; McGowan et al., 2009; Perroud et al., 2011; Romens et al., 2015; Steiger 
et al., 2013; Vangeel et al., 2015; Vangeel et al., 2018). Only two studies did not include a control group (Martín-Blanco et al., 2014; 
Radtke et al., 2011). Child maltreatment was assessed primarily using a self-reported instrument: the Child Trauma Questionnaire 
(CTQ; Bustamante et al., 2016; Farrell et al., 2018; Martín-Blanco et al., 2014; Perroud et al., 2011; Vangeel et al., 2018), structured 
interviews (McGowan et al., 2009; Radtke et al., 2011; Steiger et al., 2013; Vangeel et al., 2015), Child Protective Services (Romens 
et al., 2015) or the Maltreatment Classification System (Cicchetti & Handley, 2017). The type of tissue used to examine DNA 
methylation was usually a blood sample (Bustamante et al., 2016; Farrell et al., 2018; Martín-Blanco et al., 2014; Perroud et al., 2011; 
Radtke et al., 2011; Romens et al., 2015; Steiger et al., 2013; Vangeel et al., 2015; Vangeel et al., 2018). Other types of tissues were 
hippocampal samples in the brain (McGowan et al., 2009) and saliva samples (Cicchetti & Handley, 2017). Concerning the epigenetic 
analysis technique used, most of the included studies used the pyrosequencing technique (Bustamante et al., 2016; Farrell et al., 2018; 
Martín-Blanco et al., 2014; Perroud et al., 2011; Romens et al., 2015), chromatin immunoprecipitation assays (McGowan et al., 2009), 
EpiTYPER assays (Steiger et al., 2013; Vangeel et al., 2015), bisulfite sequencing (Cicchetti & Handley, 2017; Radtke et al., 2011), or a 
combination of pyrosequencing and EpiTYPER (Vangeel et al., 2018). 
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3.2. Association between child maltreatment and NR3C1-1F methylation 

3.2.1. Increased NR3C1-1F methylation associated with child maltreatment 
Of the 11 human studies examining NR3C1-1F methylation, eight (72.72%) reported increased promoter methylation related with 

child maltreatment, namely physical abuse, emotional abuse, sexual abuse, neglect and exposure to domestic violence (Table 2). 
Specifically, Perroud et al. (2011) found a significant association between childhood sexual abuse and methylation status. McGowan 
et al. (2009) reported an increased site-specific methylation of the exon 1F NR3C1 promoter in suicide victims with a history of 
childhood abuse. Martín-Blanco et al. (2014) indicated a significant positive correlation between NR3C1 methylation status and 
physical abuse. Radtke et al. (2011) provided evidence that methylation in the offspring was directly affected by maternal exposure to 

Fig. 1. Flow chart of the selection process according to Prisma diagram (Moher et al., 2009).  
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intimate partner violence during gestation. Romens et al. (2015) reported that children exposed to physical maltreatment had greater 
methylation within exon 1F in the NR3C1 promoter region of the gene compared to non-maltreated children. Bustamante et al. (2016) 
showed that exposure to childhood maltreatment was associated with an increase in DNA methylation in the upstream region of 
NR3C1 (CpG sites 1–4). Farrell et al. (2018) indicated that DNA methylation levels at specific CG sites within the NR3C1 exon 1F were 
related to childhood emotional abuse severity. Lastly, Cicchetti and Handley (2017) reported that mean NR3C1-1F methylation in 
maltreated children evidenced hypermethylation compared to non-maltreated children. 

3.2.2. No significant association between NR3C1-1F methylation and child maltreatment 
Three studies (27.27%) reported no significant association of methylation NR3C1-1F with child maltreatment (Table 3). Steiger 

et al. (2013) used a cross-sectional study with an exposed and control group and showed no significant group × promoter-region site 
interaction in the 1F region. Vangeel et al. (2015) compared all NR3C1-1F CpG units in the no-trauma/mild trauma group with those in 
the moderate to severe trauma group and found no methylation differences between the groups. With the aim of replicating and 
extending their previous findings, Vangeel et al. (2018) found no significant correlation between the scores obtained on the Child 
Trauma Questionnaire (CTQ) and NR3C1-1F methylation. 

3.3. Links among NR3C1-1F methylation, HPA axis deregulation, and psychopathology in a situation of child maltreatment 

Of the 11 studies reporting on child maltreatment and its association with NR3C1-1F methylation, four provided additional 
measures of symptoms of psychopathology or cortisol in order to examine the links among NR3C1-1F methylation, HPA axis dereg-
ulation, and psychopathology (Bustamante et al., 2016; Cicchetti & Handley, 2017; Farrell et al., 2018; Vangeel et al., 2015). 
Hypermethylation here is thought to lead to less GC receptor expression and thus to a higher cortisol response and a higher risk of 
developing symptoms of psychopathology. 

3.3.1. Child maltreatment, NR3C1-1F methylation and cortisol 
Farrell et al. (2018) investigated whether cortisol concentration and measures of child maltreatment were associated with the 

degree of methylation at NR3C1-1F. Saliva samples were collected in Salivette tubes (Sarstedt, Nümbrecht, Germany) at five time 
points throughout the day: 0, 30, and 60 min after waking (to assess cortisol awakening response) and 12 and 12.5 h after waking (to 
assess diurnal variation). Their results showed that NR3C1-1F methylation was positively associated with higher basal HPA axis ac-
tivity: i.e., morning cortisol concentrations. 

Vangeel et al. (2015) reported on NR3C1-1F methylation and its associations with the HPA axis function and childhood trauma. The 
HPA axis function was assessed via salivary cortisol concentrations collected seven times using a cotton wool Salivette (Sarstedt, 
Nümbrecht, Germany). Overall methylation and selective CpG units were positively correlated with salivary cortisol. Their results 
showed that NR3C1 promoter hypomethylation was consistent with lower production of cortisol, indicating the hypofunction of the 
HPA axis. 

Taken together, these studies reflect a persistent dysregulation of the neurobiological stress system via the hyper- or hypofunction 
of the HPA axis associated with the NR3C1-1F methylation. 

3.3.2. Child maltreatment, NR3C1-1F methylation and symptoms of psychopathology 
Bustamante et al. (2016) investigated the link between NR3C1-1F methylation and symptoms of depression assessed using the 

Patient Health Questionnaire (PHQ-9) (Kroenke et al., 2001). They reported increased NR3C1-1F methylation associated with major 

Table 2 
Studies reporting an increased NR3C1-1F methylation associated with child maltreatment.  

Study Nature of adversity Sample size 
(N) 

Genes 
studied 

Findings Results 

(Perroud et al., 2011) Childhood sexual abuse N = 215 NR3C1-1F Increased 
methylation 

(p = 6.16 × 10− 8) 

(McGowan et al., 
2009) 

Childhood maltreatment N = 36 NR3C1-1F Increased 
methylation 

(F = 3.47, p < 0.05) 

(Martín-Blanco et al., 
2014) 

Childhood maltreatment N = 281 NR3C1-1F Increased 
methylation 

(β = 0.06, p = 0.009) 

(Romens et al., 2015) Physical maltreatment N = 56 NR3C1-1F Increased 
methylation 

(F = 2.46, p = 0.02) 

(Bustamante et al., 
2016) 

Childhood maltreatment N = 147 NR3C1-1F Increased 
methylation 

At CpG sites 1–4 (β = 0.038, SE = 0.015, p 
corrected = 0.001) 

(Radtke et al., 2011) Exposure to IPV during 
pregnancy 

N = 25 dyads NR3C1-1F Increased 
methylation 

(p < 0.05) 

(Farrell et al., 2018) Emotional abuse N = 67 NR3C1-1F Increased 
methylation 

Exon 1F CG37 (r = 0.53, p = 0.01) and CG38 (r 
= 0.43, p = 0.04) 

(Cicchetti & Handley, 
2017) 

Child maltreatment N = 534 NR3C1-1F Increased 
methylation 

(F(1) = 5.58, p = 0.019) 

Abbreviations. β = standardized beta coefficient; CpG = CG sites or CpG islands (or CG islands); F = F-test coefficient; n = frequency; NR3C1-1F =

nuclear receptor subfamily 3, group C, member 1 gene exon 1F; p = p-value; r = correlation coefficient; SE = standard error. 
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depressive disorder. 
Cicchetti and Handley (2017) investigated the relationship between NR3C1-1F methylation associated with child maltreatment and 

child outcomes, in particular emotional lability–negativity as measured by the Emotion Regulation Checklist (Shields & Cicchetti, 
1997, 1998), externalizing and internalizing behavior assessed at the end of the week through completion of the Teacher Report Form 
(Achenbach, 1991), depressive symptoms in the past two weeks using the Children's Depression Inventory (Kovacs, 1982), and anxiety 
symptoms assessed using the Revised Child Manifest Anxiety Scale (Reynolds & Richmond, 1985). Their results indicated that mean 
NR3C1-1F hypermethylation was related to higher levels of emotional lability–negativity, greater externalizing behavior symptoms 
and higher levels of child-reported depressive symptoms. NR3C1-1F methylation was not, however, associated with child-reported 
anxiety symptoms or internalizing behavior symptoms. 

In sum, these studies reported poor mental health, which correlates positively with NR3C1-1F hypermethylation. 

4. Discussion 

The aim of this systematic review was to assess evidence of the relationship between NR3C1-1F methylation associated with child 
maltreatment (i.e., child neglect, child abuse, or exposure to domestic violence) and its link with HPA axis and psychopathology. We 
found 11 studies that meet our inclusion criteria. Eight studies (72.72%) reported increased NR3C1-1F methylation associated with 
child maltreatment, in particular physical abuse, emotional abuse, sexual abuse, neglect, and exposure to domestic violence, while 
three studies (27.27%) found no significant association. Furthermore, a minority of studies (36.36%) provided additional measures of 
symptoms of psychopathology or cortisol to examine the links among NR3C1-1F methylation, HPA axis deregulation, and psycho-
pathology in a situation of child maltreatment. Their results suggest that NR3C1-1F methylation is positively associated with higher 
HPA axis activity, i.e. increased production of cortisol and symptoms of psychopathology, including emotional lability–negativity, 
externalizing behavior symptoms, and depressive symptoms. These studies aid in understanding that child maltreatment as a form of 
stress could induce continuous cortisol production, which will eventually lead to a decreased response of the HPA axis through 
methylation of the NR3C1 receptor and symptoms of psychopathology. 

We found that most of the included studies (72.72%) indicated that child maltreatment is associated with increase epigenetic 
methylation NR3C1-1F. These results are similar to those of Turecki and Meaney (2016), who indicated that negative early-life en-
vironments was associated with hypermethylation of the NR3C1-1F promoter in 89% of human early-life adversity studies and 70% of 
animal early-life adversity studies. Three studies, however, found no significant association between NR3C1-1F methylation and child 
maltreatment (27.27%). One possible factor accounting for the failure to detect epigenetic alterations associated with childhood abuse 
could be the sample characteristic and sample size. Whereas most studies performed to date have been conducted on borderline 
personality disorder (BPD) patients or major depressive disorder (MDD) patients, Steiger et al. (2013) investigated a clinical popu-
lation of bulimia nervosa patients (n = 96), while Vangeel et al. (2015) and Vangeel et al. (2018) examined chronic fatigue syndrome 
(CFS) patients (respectively (n = 95) and (n = 171)). The main reason most studies preferred BPD or MDD patients is that MDD is very 
common, so people take it as an outcome (Burcusa & Iacono, 2007), and patients with BPD, which is rare, frequently have a trauma 
history (Perroud et al., 2013; Prados et al., 2015). Another important aspect to be taken into consideration is the type of epigenetic 
analysis technique used. Whereas the majority of the included studies assessed DNA methylation via pyrosequencing, Steiger et al. 
(2013) and Vangeel et al. (2015) examined the methylation of NR3C1 exon 1F using EpiTYPER assays, while Vangeel et al. (2018) 
combined EpiTYPER essay and pyrosequencing. Though the use of EpiTYPER assays has several advantages, it is particularly suitable 
for projects that require the measurement of larger numbers of samples or regions, since a single EpiTYPER run yields 126 triplicate 
measurements (Suchiman et al., 2015). Equally, compared to pyrosequencing, which is the gold standard for detecting DNA 
methylation at a single CpG or single gene-promoter level, the disadvantage of using the EpiTYPER technique is that sometimes it 
cannot discriminate between individual nearby CpG sites, grouping them together into units (Vangeel et al., 2018). Still, by combining 
EpiTYPER essay and pyrosequencing, Vangeel et al. (2018) could not find a significant relationship between child maltreatment and 
methylation NR3C1-1F. 

Most of the included studies investigated child maltreatment, such as sexual abuse, physical abuse, emotional abuse, or neglect. Of 
note, only one study (Radtke et al., 2011) stood out by examining the effect of exposure to intimate partner violence as a form of child 
maltreatment on the methylation of NR3C1-1F. Generally, exposure to intimate partner violence is not considered a form of child 
maltreatment. This is perhaps why systematic-review papers (see, e.g., the review by Cecil et al., 2020), which have assessed 
methylation NR3C1-1F in relation to child maltreatment, did not report this study, which nonetheless provided evidence that 
methylation in offspring (now aged 10–19 years) was directly affected by the adverse experiences of the mother with intimate partner 
violence during gestation. The results obtained by Radtke et al. (2011) suggested that intimate partner violence could produce fetal 
programming of the HPA-axis through methylation of the GR gene and that gestational exposure to psychological stressors can have a 

Table 3 
Studies reporting no significant association between NR3C1-1F methylation and child maltreatment.  

Study Nature of adversity Sample size (N) Genes studied Findings Results 

(Steiger et al., 2013) Childhood abuse N = 96 NR3C1-1F No significant difference (p > 0.05) 
(Vangeel et al., 2015) Childhood trauma N = 95 NR3C1-1F No significant difference (All p > 0.05 in all NR3C1-1F CpG units) 
(Vangeel et al., 2018) Childhood trauma N = 171 NR3C1-1F No significant difference (All p > 0.060 in all NR3C1-1F CpG units) 

Abbreviations. NR3C1-1F = nuclear receptor subfamily 3, group C, member 1 gene exon 1F; p = p value. 
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lasting effect on methylation status in human offspring. Regrettably, this study was characterized by the absence of a control group. 
More research is needed on the effect of exposure to intimate partner violence on NR3C1-1F methylation. 

Very few studies (n = 4) provided additional measures of symptoms of psychopathology or cortisol to examine the links among 
NR3C1-1F methylation, HPA axis deregulation, and psychopathology in a situation of child maltreatment. While Farrell et al. (2018) 
and Vangeel et al. (2015) showed that NR3C1-1F hypermethylation (hypomethylation) was positively associated with higher (lower) 
HPA axis activity, i.e. increased (decreased) production of cortisol, Bustamante et al. (2006) and Cicchetti and Handley (2017) pro-
vided evidence that mean NR3C1-1F hypermethylation was related to symptoms of psychopathology, including emotional labili-
ty–negativity, externalizing behavior symptoms, and depressive symptoms. Taken together, the results from these studies provide 
crucial information about the early gene-environment mechanisms that may be involved in life-span health development, as they 
suggest that NR3C1-1F hypermethylation in cases of child maltreatment could be responsible for the deregulated HPA axis function 
associated with elevated cortisol levels and the development of mental disorders. As mentioned in previous reviews (Cecil et al., 2020; 
Queirós & Caseiro, 2018), DNA methylation of GC receptor gene promoters could therefore be one epigenetic mechanism responsible 
for altered hypothalamus–pituitary–adrenal (HPA) axis and subsequently associated with the risk of the development of psychopa-
thology. Child maltreatment as a form of stress could induce continuous cortisol production, which will eventually lead to a decreased 
response of the HPA axis through methylation of the NR3C1 receptor, which would subsequently lead to psychopathologies. 

The results of this systematic review might also have clinical implications. Although there is to our knowledge no data on child 
maltreatment investigating the impact of any intervention(s) on NR3C1 methylation, previous studies on post-traumatic stress disorder 
(PTSD) indicated that NR3C1 methylation levels may serve as a potential marker to predict PTSD treatment outcome. For example, 
Pape et al. (2018) showed that baseline methylation of NR3C1 was associated with better PTSD treatment response particularly in 
patients who had experienced child abuse. Yehuda et al. (2013) indicated that methylation of the NR3C1 exon 1F promoter assessed at 
pre-treatment predicted treatment outcome to prolonged exposure therapy for PTSD in combat veterans. Further research is needed to 
understand how NR3C1 epigenetic alteration can impact treatment response. Understanding this may be essential for the development 
of innovative and individually tailored interventions to improve the health of maltreated children. 

When interpreting the results of this systematic review, it is important to take into account the limitations of the included studies. 
One first notable finding is that most researchers investigated a clinical population, as child maltreatment is a risk factor for psy-
chopathology, specifically the development of mental disorders, such as borderline personality disorder (Herman et al., 1989; Zanarini 
et al., 1997) or major depressive disorder (Widom et al., 2007). Secondly, we could not find any data that demonstrate the impact of 
any intervention(s) on adversity-induced/associated methylation. Most studies adopted a cross-sectional research design based on 
retrospectives measures (like the Child Trauma Questionnaires or structured interviews), which are subject to bias. It is possible that 
the length of time since the last exposure to abuse may affect the recall of the experience. Thirdly, the relatively small sample size (n =
25 to n = 534) limits the statistical power of the analyses by decreasing the confidence interval of the study, as well as the findings' 
representativeness. Fourthly, it is important to note that most studies collected tissue samples during adulthood. It is therefore difficult 
to tell when exactly the observed epigenetics changes occurred. Longitudinal follow-up studies will be crucial in order to assess and 
monitor the long-term effects of the DNA methylation patterns. Fifthly, as mentioned, another bias may be related to the type of 
epigenetic analysis technique, as each technique has its own limitations. Sixthly, most studies were conducted in a Western context (e. 
g., Switzerland, Canada, Spain, and Belgium). Therefore, the results cannot be generalized to non-Western contexts, where a child's 
education or parenting style may be understood differently (Peterson & Bush, 2013). Lastly, most researchers failed to control for the 
effect of confounding factors like coping or resilience strategies, which are central to understanding an individual's response to adverse 
life events (Jackson et al., 2018). 

5. Limitations 

There are some limitations to be noted regarding this review. Despite the relevant number of included studies (n = 11), we did not 
carry out a meta-analysis to assess the strength of the relationship quantitatively because very few studies (n = 4) have examined 
NR3C1-1F methylation and its links with symptoms of psychopathology or cortisol. Furthermore, these four studies were not suffi-
ciently similar to justify generating a combined statistical analysis of the data. 

6. Conclusion 

The current study examines the relationship between NR3C1-1F methylation associated with child maltreatment as well as its link 
with the HPA axis and symptoms of psychopathology. The results mainly show a significant correlation between child maltreatment, 
including sexual abuse, physical abuse, emotional abuse, neglect, and exposure to intimate partner violence and methylation at the 
CpG site located at exon 1F of the human glucocorticoid receptor gene NR3C1. Interestingly, the results suggest a link between NR3C1- 
1F methylation, higher HPA axis activity with increased production of cortisol and symptoms of psychopathology. Further research is 
needed to understand the mechanisms underlying this relationship. In addition, studies of intervention(s) on NR3C1 methylation 
induced/associated with adversity are warranted. Understanding these mechanisms may be essential for the development of new 
therapeutic and preventive interventions in the field of child maltreatment. Future longitudinal studies will likely provide a better 
understanding of the crucial role of DNA methylation in relation to maltreatment. It is also necessary that future methodological design 
in the field of epigenetics include psychobiological correlates such as markers of HPA axis activity like cortisol awakening response or 
area under the curve and symptoms of psychopathology. The use of a design with an exposed and a control group as well as the control 
measures for differences between both groups is one important aspect to be taken in consideration by future studies. Controlling for 
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this aspect can help control for potential bias and allow for comparisons between groups. Researchers are encouraged to measure all 
types of maltreatment like psychological, sexual and physical abuse; emotional and physical neglect and exposure to intimate partner 
violence, ideally using several scales, so as to control for the consistency of results across the scales. 
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