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Aim: To investigate childhood abuse victimization in relation to adult DNA methylation 
levels in a novel region of NR3C1, with emotional support as a possible modifier. Materials 
& methods: 295 participants from the Black Women’s Health Study. Multivariable linear 
regression models were used to compute differences in mean percent methylation 
levels. Results: Women reporting childhood abuse victimization exhibited higher 
mean NR3C1 methylation levels than nonabused women, with a clear dose–response 
relationship. Childhood emotional support appeared to attenuate associations only 
among women with the highest levels of physical and sexual abuse. Conclusion: NR3C1 
mean methylation was higher among women who reported childhood abuse. Further 
research is warranted to clarify whether or the extent to which childhood emotional 
support buffers the association.
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Over the past decade, several epigenetics 
studies have emerged linking various forms 
of childhood adversity with an altered 
hypothalamic–pituitary–adrenal axis stress 
response in humans  [1,2]. Among the genes 
in the stress pathway, the glucocorticoid 
receptor gene, NR3C1, has been shown to 
be hypermethylated in response to various 
forms of early life psychosocial stress, such 
as physical or emotional abuse  [3] or paren-
tal loss [4]. Increased methylation of NR3C1 
is associated with a range of deleterious out-
comes, including depression  [5], borderline 
personality disorder [6,7] and cancer [8–10].

Nearly all methylation studies conducted 
on NR3C1 have focused on the CpG island 
located within the proximal promoter region, 
particularly in exon 1F and the 1F promoter. 
Epigenetics research to date has tended to 
focus on methylation in CpG islands, which 
are small stretches of unmethylated DNA 

found in the promoters of a handful of human 
genes [11], because methylation in these regions 
is assumed to have the greatest functional sig-
nificance [12]. However, more recent research 
has shown that the majority of functionally 
important DNA methylation occurs not in 
CpG islands, but in CpG island shores, which 
are genomic regions located within 2 kb of a 
CpG island  [13]. Our prior research suggests 
that DNA methylation at the CpG island 
shore located within the proximal promoter 
of NR3C1 is sensitive to environmental stress-
ors [14–16], and thus may be a suitable candi-
date for methylation studies of external and 
internal stressors. None of the published stud-
ies demonstrating a link between early life 
psychosocial stressors and epigenetic modifi-
cation within the proximal promoter region 
of NR3C1 have explored CpG island shores as 
a more sensitive or functional methylation site 
for psychosocial stress.
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Furthermore, given the strong connection between 
NR3C1 methylation and psychosocial stress docu-
mented in previous research, NR3C1 regulation may 
be an important link in explaining the disparate bur-
den of inflammatory and stress-related diseases expe-
rienced by African–Americans (AAs) relative to white 
populations. AA women also bear a disproportionate 
burden of child abuse and neglect [17].

In the present study, we assess the impact of child 
abuse victimization on methylation of a novel CpG 
site located in a CpG island shore within the NR3C1 
promoter among 295 AA women drawn from the 
Black Women’s Health Study. We further assess the 
potential buffering effect of having received emo-
tional support (e.g.,  feeling encouraged by fam-
ily members, feeling cared for and protected) in 
childhood. We hypothesized that women reporting 
childhood abuse victimization would demonstrate 
increased methylation at the downstream CpG island 
shore located in the NR3C1 proximal promoter 
relative to women who were not abused in child-
hood, and that this increased methylation would be 
attenuated among women who were abused but also 
reported receiving emotional support in childhood. 
To our knowledge, this is the first epigenetics study 
of NR3C1 to investigate childhood abuse victimiza-
tion in relation to DNA methylation of a CpG island 
shore as a more sensitive methylation site for assess-
ing the biological impact of psychosocial stress. It 
is also the first to investigate the epigenetic effects 
of psychosocial stress on NR3C1 methylation in 
a cohort of AA women, and the first to investigate 
positive psychosocial factors (e.g., emotional support 
in childhood) that may buffer against the deleterious 
epigenetic effects of psychosocial stress.

Materials & methods 
Ethics statement
This study was approved by the Harvard School of 
Public Health Institutional Review Board and the 
Boston University Institutional Review Board.

Selection of study participants
The Black Women’s Health Study (BWHS) is a 
prospective cohort study established in 1995, when 
59,000 AA women aged 21–69 years from across the 
USA completed health questionnaires. The base-
line questionnaire elicited data on demographic and 
lifestyle factors, reproductive history, dietary intake 
and medical conditions. The cohort has been fol-
lowed biennially through mailed questionnaires, and 
follow-up has been successful for 88% of potential 
person years through the last completed follow-up in 
2013.

Blood specimen collection
During July 2006 through July 2007, 1500 BWHS 
participants aged 40 years and older without a history 
of cancer and residing in New York, NY; Chicago, IL; 
or Atlanta (GA, USA) were randomly selected and 
invited to provide blood samples  [18]. Each potential 
participant was sent a packet containing an introduc-
tory letter and brochure, consent forms, instructions for 
locating a blood collection site and a preprinted labora-
tory requisition form. Blood specimens were collected 
and processed by Quest Diagnostics (NJ, USA [19]), an 
accredited national clinical laboratory  [20,21]. Women 
who were willing to participate went to a conve-
niently located Quest Patient Service Center, where 
the blood was drawn. Blood samples were provided by 
532 women. The women who provided blood samples 
were similar to nonparticipants with regard to many 
health-related characteristics, including age, BMI, 
education, income, alcohol consumption, vigorous 
exercise, menopausal hormone use, and prevalence of 
diabetes, hypertension and high cholesterol.

Due to cost issues, we were able to conduct methyla-
tion assays on only 300 of the approximately 500 samples. 
The 300 participants were selected such that there 
would be representation of both extremes of the expo-
sure of interest (childhood violence victimization). The 
final analytic sample consisted of 295 women.

Description of variables 
Abuse victimization
On the 2005 BWHS follow-up questionnaire, par-
ticipants were asked questions about physical and 
sexual abuse (‘abuse victimization’) across the lifespan, 
including exposure as a ‘child’ (up to age 11 years), 
‘teenager’ (age 12–18 years) and ‘adult’ (ages 19 years 
and older). We created a nine-item abuse instrument 
adapted from the Conflict Tactics Scale  [22] and the 
Pregnancy Abuse Assessment Screen  [23], which has 
been used previously to successfully study the asso-
ciation between childhood abuse and early men-
arche  [24], eating disorders  [25] and risk of smoking 
onset [26]. Response categories were ‘never’, ‘1–3 times’ 
or ‘≥4 times’. We defined physical abuse as any report 
of a perpetrator having ‘pushed, grabbed or shoved me’, 
‘threw something at me that could hurt me’, ‘kicked, 
bit or punched me’, ‘hit me with something includ-
ing hand or fist’, or ‘physically attacked me in some 
other way’ at a frequency of greater than or equal to 
four-times; or either ‘choked or burned me’ or ‘seri-
ously harmed someone I loved’ at any frequency. We 
defined sexual abuse as any report of a perpetrator hav-
ing ‘exposed genitals against my will’ greater than or 
equal to four-times; or ‘been sexual with me against 
my will’ at any frequency.
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As shown in Supplementary Table 1, we created 
a physical abuse summary score variable by assign-
ing one point for each report of a physical abuse item 
occurring more than or equal to four-times, with the 
exception of ‘choked or burned’ or ‘seriously harmed 
someone I loved’, where one point was assigned for 
reports that these occurred one to three-times and two 
points for reports that these occurred more than or 
equal to four-times, because these events were consid-
ered more severe. The resulting physical abuse sever-
ity score, which ranged from zero to nine, was further 
categorized as low (score = 1), intermediate (score = 2) 
and high (score ≥3). We also created a summary vari-
able for sexual abuse that classified more than or equal 
to four incidents separately from one to three incidents 
of sexual assault. Finally, we created a ‘severity’ variable 
that defined ‘mild’ abuse as one type of physical abuse 
that occurred more than or equal to four-times or a 
more severe form of physical abuse (burn or choke or 
seriously harm someone I love) occurring one to three-
times; ‘moderate’ abuse as sexual abuse one to three-
times and/or two forms of physical abuse occurring 
more than or equal to four-times or a more severe form 
of physical abuse (burn or choke or seriously harm 
someone I love) occurring at any frequency; ‘severe’ 
abuse as three or more types of physical abuse occurring 
more than or equal to four-times and/or sexual abuse 
more than or equal to four-times; and ‘very severe’ 
abuse includes three or more types of physical abuse 
occurring more than or equal to four-times and sexual 
abuse more than or equal to four-times. These abuse 
definitions have been used in previous publications 
from the BWHS [24,27–30] and other studies [31,32].

Financial hardship
Financial hardship in childhood has been associated 
with increased DNA methylation of other stress-related 
genes, and was therefore included as a potential covari-
ate in our analyses  [33]. On the 2011 follow-up ques-
tionnaire, financial hardship as a child was assessed 
using the following questions: (in childhood [up until 
age 11]), ‘Was there at least one time when your house-
hold did not have enough money for food or housing?’ 
and ‘Was there at least one time when your household 
received public assistance or welfare?’ Women who 
responded positively to either question were considered 
to have experienced financial hardship as a child.

Emotional support in childhood
The 2011 follow-up questionnaire also queried women 
about receipt of nurturing and emotional support in 
childhood using the following two questions: ‘When 
you were growing up, did people in your family show 
confidence in you and encourage you to achieve?’ and 

‘When you were growing up, did you feel that there 
was someone to take care of you and protect you?’ 
Response categories were ‘never’, ‘almost never’, ‘some-
times’, ‘fairly often’, and ‘very often’. Women who 
answered ‘fairly often’ or ‘very often’ to both ques-
tions were considered to have had emotional support 
in childhood.

NR3C1 promoter methylation sequencing
Buffy coat from whole blood was collected from each 
participant and immediately stored at -80°C until 
genomic DNA was isolated with QIAamp DNA Blood 
Kit (QIAGEN, CA, USA). The isolated genomic DNA 
was stored at -80°C for future use. Details on sample 
collection and DNA isolation for each study have been 
described in previous publications  [34–36]. Four hun-
dred nanogram of genomic DNA was treated using 
the EZ DNA Methylation-Gold Kit (Zymo Research, 
CA, USA) according to the manufacturer’s protocol. 
Final elution was performed with 30 μl M-Elution 
Buffer. Bisulfite-treated DNA was aliquoted and 
stored at -80°C until ready for use. A 30 μl of PCR 
was carried out in 15 μl of Promega GoTaq Hot Start 
Green Master Mix (Promega), 10 pmol forward and 
10 pmol reverse primers, 2 μl of bisulfite-treated DNA 
and water to reach 30 μl final volume. PCR prod-
ucts were sequenced by pyrosequencing using 0.3 μm 
sequencing primer. Briefly, pyrosequencing reaction 
was performed with PSQ Q96 MD pyrosequenc-
ing System (QIAGEN), as previously described  [37]. 
Pyrogram peak pattern from every sample was visu-
ally inspected to confirm the quality of the reac-
tion. PCR primer sequences are NR3C1-F (Biotin): 
TTATATGTATTGGTTTTTAGAAAA, NR3C1-R: 
TACTCCCATTCAACATACCACATT, NR3C1-Seq: 
ATTCCTACCTCTTTTCAA and sequence to ana-
lyze was CACA/GACTATTT  [15,16]. Forward primer 
is located in chr5:143,401,282–143,401,305, reverse 
primer is in chr5:143,401,030–143,401,053, sequenc-
ing primer is in chr5:143,401,250–143,401,267 and 
target CpG is in chr5: 143,401,272 (Genome Ref-
erence Consortium Human Reference 38Genome: 
GRCh38).

Rationale for CpG site chosen
The specific CpG site analyzed is located in a CpG 
island shore downstream of the CpG island located in 
the NR3C1 proximal promoter (Figure 1), and was iden-
tified via bioinformatic analysis using the Genomatix 
software (Genomatix Software, Inc, MI, USA). Spe-
cifically, the site is 2803 bp downstream from the first 
CpG site analyzed by Oberlander  et  al.  [2] in the 1F 
promoter, the region of NR3C1 that has been most fre-
quently studied in methylation analyses [5,10,38–47]. We 
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Figure 1. CpG island shore site analyzed.
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selected this region in light of the growing evidence that 
non-CpG island regions, and in particular, CpG island 
shores, are enriched with functional methylation sites 
that control gene expression [13,48–50]. Previous investi-
gations suggest that DNA methylation at this CpG site 
is sensitive to environmental stressors. For instance, 
Bollati  et  al. showed that higher methylation at this 
specific CpG site is associated with number of years in 
stressful work conditions, such as shift work [14]. Indi-
viduals with higher methylation at this site have also 
been shown to exhibit poorer lung function as a result 
of air pollution  [15]. These studies have demonstrated 
that this genomic region is sensitive to various stress 
exposures. Taken together with the above-mentioned 
functional relevance of this CpG island shore, this spe-
cific CpG site seems an ideal candidate for methylation 
studies of external and internal stressors.

Statistical analysis
We used multivariable linear regression models to com-
pute differences in mean percent NR3C1 DNA meth-
ylation levels (β) and 95% CI comparing women who 
reported abuse victimization with those who reported 
no abuse. In models where sexual abuse was the inde-
pendent variable of interest, we adjusted for physical 
abuse, and vice versa. Age is known to affect cortisol 
response [51], and was thus controlled for in all models. 
We further adjusted for parental education as a covariate 
to control for other potential confounders that track with 
low educational attainment. Mean NR3C1 methylation 
values for women reporting financial hardship as a child 
were 0.57 units higher than women reporting no finan-
cial hardship in childhood (95% CI: -0.71, 1.86). How-
ever, the inclusion of ‘financial hardship as a child’ as a 
variable in our multivariable model did not appreciably 
change the magnitude of the association between abuse 
and methylation, indicating little evidence of confound-
ing by this variable. Therefore, we did not adjust for child 
financial hardship in our final multivariable models.

We assessed the association of various forms of child-
hood abuse victimization (ever abused, physical abuse 

frequency, sexual abuse frequency, abuse severity) 
with methylation levels of one CpG site in the NR3C1 
proximal promoter located at a CpG shore. The refer-
ence group for all multivariate analyses was having no 
report of any prior child abuse. Tests for trend were 
computed by inserting the ordinal categorical variable 
for each abuse variable into the regression model and 
evaluating the associated Wald test statistic.

Based on our a priori hypothesis that emotional sup-
port in childhood would mitigate the impact of child 
abuse on NR3C1 methylation, we stratified the data 
by emotional support in childhood. As a formal test 
of interaction, we created cross-product terms between 
childhood emotional support (yes vs no) and each 
abuse variable – modeled as a binary variable for child 
abuse (ever vs never) or as ordinal variables for physi-
cal abuse, sexual abuse and severity of abuse – and 
evaluated their respective Wald test statistics. A two-
sided p < 0.05 was considered statistically significant. 
SAS software version 9.4  [52] was used to conduct all 
analyses (SAS Institute Inc., Cary, NC, USA).

Results
The 295 study participants were aged 43–78 years 
(median = 53, interquartile range: 48–59) in 2005. 
Approximately 52% (n = 153) reported a history 
of childhood abuse victimization (Table 1). Those 
reporting a history of abuse were, on average, slightly 
younger than those reporting no abuse, more likely to 
report financial hardship in childhood, and less likely 
to report emotional support in childhood.

49% of women reported physical abuse and 32% 
reported sexual abuse in childhood (Table 2). Unad-
justed mean percent methylation levels were 51.9, 52.0 
and 53.6 for those reporting low, intermediate and 
high frequencies of child physical abuse, respectively, 
and 54.1 and 53.6 for women reporting one to three 
incidents and more than or equal to four incidents of 
child sexual abuse, respectively. Unadjusted mean per-
cent methylation levels increased monotonically with 
increasing categories of abuse severity, ranging from 
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52.0 to 53.4 for women reporting mild to very severe 
child physical and sexual abuse, respectively.

In multivariable-adjusted models (Table 2), women 
who reported any child abuse exhibited higher mean 
percent methylation levels than women who did not 
report child abuse (β = 1.02, 95% CI: -0.02, 2.06), 
although the difference was not statistically signifi-
cant. Relative to women who did not report child 
physical abuse, mean percent methylation levels were 
significantly higher (β = 2.20, 95% CI: 0.65, 3.75) 
in women with the highest physical abuse frequency, 
and there was evidence of a dose–response relation 
(p-trend: 0.008). Mean percent methylation levels 
were also higher among women who reported one to 
three incidents (β = 2.70, 95% CI: 0.30, 5.10) of child 
sexual abuse relative to no abuse, but there was no evi-
dence of a dose–response association (p-trend: 0.159). 
There was a statistically significant trend of increas-
ing methylation level with increased severity of abuse 
(p-trend = 0.029).

When we stratified the data by emotional support in 
childhood, patterns of association were not consistent. 
Associations between child abuse and methylation lev-
els in the most severe categories of abuse were attenu-
ated among those with emotional support in childhood 
relative to those without, but numbers (given our sam-
ple size) were extremely small (Table 3). In addition, 
while associations were attenuated for physical and 
sexual abuse among those reporting child emotional 

support, the overall abuse association showed no evi-
dence of attenuation and was actually stronger among 
those reporting emotional support in childhood.

Discussion
In this paper, we present results of the first study assess-
ing methylation of a novel CpG site located in a CpG 
island shore within the NR3C1 proximal promoter 
in relation to childhood abuse victimization within 
AA women. We found that women with a history of 
childhood abuse had increased methylation levels at 
this CpG site compared with women who reported no 
childhood abuse. Positive associations were observed 
for both physical and sexual abuse. In addition, we 
found a significant dose–response pattern for sever-
ity of abuse. In the group of women exposed to the 
highest level of physical abuse, methylation was >2% 
points higher, and 1.5% points higher for the highest 
severity of overall abuse. Differences of this magnitude 
in NR3C1 have been previously demonstrated to be 
clinically significant. For example, as little as half a 
percent increase in methylation of exon 1F and the 1F 
promoter in NR3C1 has been associated with an atten-
uated cortisol response into adulthood using leukocyte 
DNA [53]. Increases in exon 1B methylation of 1.8% in 
blood DNA have been associated with borderline per-
sonality disorder [6], and increases in exon 1F and 1F 
promoter methylation of 2% have been associated with 
depression using saliva, which is comprised mainly of 

Table 1. Baseline characteristics of 295 women by child abuse, Black Women’s Health Study (2005).

Characteristic†  Abuse in childhood  

  No  Yes  p-value 

Number of women 142 153 –

Age in 2005, years (mean) 54.9 52.8 0.01

BMI in 2005, kg/m2 (mean) 29.2 30.9 0.03

Personal education, years (%):     0.39

– <12 0.7 1.0  

– 12 11.3 11.8  

– 13–15 36.0 38.0  

– ≥16 52.1 48.6  

Parental education, years (%)†:     0.28

– <12 27.5 24.2  

– 12 30.3 31.4  

– 13–15 22.5 13.1  

– ≥16 14.1 19.6  

Financial hardship as a child, yes (%) 16.9 35.3 <0.001

Emotional support as a child, yes (%) 78.0 55.4 <0.001
†Highest level of education reached by either parent. Percentages do not sum to 100% because of missing data.
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leukocyte DNA [5]. Moreover, increased methylation at 
the same exact CpG site we examined has been associ-
ated with a significant modifying effect on decreased 
lung function in humans, which the authors believe 
is caused by attenuating the body’s glucocorticoid 
response  [15]. Also, mouse models investigating the 
CpG island shore of NR3C1 have shown that early life 
stress is associated with increased methylation, which 
was shown to affect transcription factor binding and 
gene expression  [54]. Therefore, it is quite likely that 
methylation in this CpG site we chose possesses a func-
tional significant effect, which needs to be confirmed 
in future analysis.

This study is the first of its kind to investigate 
NR3C1 methylation at a CpG island shore, as opposed 
to the CpG island itself, in association with childhood 
victimization and abuse. Our findings of increased 
CpG methylation at this CpG site corroborate numer-
ous other human studies exploring childhood abuse 
and NR3C1 exon 1F promoter methylation, which 
is the predominant genomic region that has been 
investigated in previous studies [1,3].

Human studies similar to our study design analyz-
ing peripheral blood have documented associations 

between physical abuse, childhood maltreatment and 
parental loss or low levels of parental care, and hyper-
methyaltion in the NR3C1 exon 1F promoter [3,4,55]. 
Two studies conducted by Perroud et al. also dem-
onstrated the same dose–response relationship of 
increased NR3C1 methylation with increased fre-
quency and severity of abuse that was found in our 
study  [3,56]. The mean methylation levels reported 
for their Swiss samples are similar to those observed 
in our study of AA women. Our results also con-
nect with the wider body of literature that has dem-
onstrated an association between NR3C1 exon 1F 
promoter methylation and various other forms of 
early life psychosocial stress, ranging from parental 
loss [4] to neglect [3,56] to perceived stress [4]. Increased 
NR3C1 methylation has even been documented 
in the cord blood of fetuses whose mother’s had a 
history of abuse or depression during pregnancy [2,57].

Our findings regarding the potential attenuating 
effect of childhood emotional support on meth-
ylation levels among women who were abused were 
largely inconclusive, owing to our small sample size 
and the subsequent small numbers of exposed women. 
Specifically, while emotional support did not attenu-

Table 2. Differences in mean NR3C1 levels by child abuse among 295 Black Women’s Health Study participants (2005).

Severity and type of 
abuse 
 

Number of 
women (%)
 

NR3C1 %  Unadjusted β 
(95% CI)† 
 

Age-adjusted β 
(95% CI)
 

Multivariable-
adjusted β 
(95% CI)† 

Mean  Std Err 

No child abuse 142 (48.1) 51.8 0.37 Referent (0.00) Referent (0.00) Referent (0.00)

Any child abuse 153 (51.9) 52.7 0.36 0.88 (-0.14, 1.89) 0.93 (-0.10, 1.96) 1.02 (-0.02, 2.06)

Physical abuse frequency

Low 51 (18.4) 51.9 0.63 0.22 (-1.29, 1.73) 0.30 (-1.21, 1.81) 0.36 (-1.16, 1.88)

Intermediate 32 (11.6) 52.0 0.79 0.27 (-1.51, 2.06) 0.31 (-1.47, 2.09) 0.60 (-1.22, 2.43)

High 52 (18.8) 53.6 0.63 1.89 (0.39, 3.40) 2.06 (0.54, 3.59) 2.20 (0.65, 3.75)

p-trend       0.022 0.014 0.008

Sexual abuse frequency

One to three incidents 41 (19.6) 54.1 0.92 2.85 (0.48, 5.22) 2.79 (0.38, 5.21) 2.70 (0.30, 5.10)

Four or more incidents 26 (12.4) 53.6 1.12 2.33 (-0.37, 5.04) 2.29 (-0.44, 5.02) 2.13 (-0.53, 4.89)

p-trend       0.110 0.126 0.159

Severity of abuse

Mild 33 (10.9) 52.0 0.77 0.21 (-1.48, 1.89) 0.25 (-1.44, 1.94) 0.34 (-1.37, 2.05)

Moderate 52 (17.1) 52.7 0.62 0.87 (-0.54, 2.28) 0.92 (-0.50, 2.34) 1.02 (-0.42, 2.45)

Severe 58 (19.1) 52.9 0.58 1.13 (-0.23, 2.49) 1.20 (-0.17, 2.57) 1.34 (-0.04, 2.73)

Very severe 10 (3.3) 53.4 1.40 1.63 (-1.22, 4.49) 1.69 (-1.17, 4.56) 1.45 (-1.45, 4.34)

p-trend       0.045 0.037 0.029

Tests for trend include zero level of exposure (i.e., no child abuse).
No child abuse is reference group for all comparisons. All models of sexual abuse control for physical abuse, and vice versa.
†Adjusted for age at baseline (centered at median age: 43 years) and parental education (<12, 12, 13–15, ≥16 years, missing/unknown).
β: Mean difference; Std Err: Standard error.
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ate increased methylation among those who experi-
enced any abuse victimization overall (52.5% mean 
methylation among those without emotional support 
vs 52.7% among those with support), it did attenu-
ate methylation levels among women experiencing 
the highest levels of physical and sexual abuse. The 
results for severity of abuse were equivocal. A larger 
sample would have allowed us to capture more indi-
viduals in the severe abuse categories, and provided 
greater precision to evaluate our hypothesis. Further 
investigation of the potential protective effect of 
emotional support on the association between early 
life adversity and methylation is warranted.

This study has limitations that should be noted. 
Our study was limited to 295 women, and thus we 
may not have been adequately powered to detect 
some important relationships. We are currently 
undertaking a larger study to address this. Our 
measure of sexual abuse had response categories of 
‘never’, ‘1–3 times’ or ‘4 or more times’, and did not 
allow for distinguishing between those who had been 
abused a single time from those who had been abused 
multiple times. Furthermore, participants’ recall 
about childhood events may have been inaccurate, 
but at least one prospective study has shown that 
recall bias is relatively minimized when in reference 
to traumatic life events, as opposed to nontraumatic 
events  [58]. We were unable to determine whether 
childhood abuse took place before, after or during 
the time respondents were referring to when answer-
ing questions about emotional support in childhood. 
Future studies could ask more detailed questions 
to ascertain the time sequence between receipt of 
emotional support and experiences of abuse, and 
the relationships of respondents to those perpetrat-
ing abuse and providing support. Last, although our 
CpG site overlaps with transcription factor binding 
sites, including binding sites for FOXA1 and SPI1 
(Supplementary Figure 1), our study lacks func-
tional analyses, and therefore we cannot confirm the 
downstream biological effects this methylation may 
have.

Despite these limitations, this study provides the 
first data among AA women regarding the relation-
ship between childhood physical and sexual abuse 
and methylation of NR3C1. This study also pro-
vides the first evidence of an association between 
childhood abuse victimization and a novel CpG site 
located in a CpG island shore within the proximal 
promoter of NR3C1, with a clear dose–response rela-
tionship. Further studies are needed to examine in 
great detail whether hypermethylation associated 
with childhood abuse victimization can be attenu-
ated by sources of emotional support and encourage-

ment in childhood. Should future research confirm 
this possibility, this would only further emphasize 
the importance of policies aimed at providing early 
supportive interventions to children in the early, for-
mative years, particularly for children and communi-
ties known to expereince a disproportionate burden 
of soocial or environmental stressors. As increasing 
evidence demonstrates the link between psychosocial 
stress in early childhood and risk of chronic illness in 
adulthood, public efforts to provide supportive envi-
ronments for children and their families may come 
to be seen as an essential part of any comprehensive 
public health agenda.

Conclusion
Gaining a better understanding of the mechanistic 
pathways through which early disadvantage trans-
lates into increased vulnerability to disease later 
in life, and is even transferred intergenerationally, 
may be an important component to a comprehen-
sive strategy for eliminating health disparities in 
the USA. Not only are targeted psychosocial inter-
ventions needed to mitigate the powerful effects of 
early life stressors, as well as ongoing life stressors, 
on individuals’ health, but public policies that sup-
port struggling families and small children in their 
early developmental years may be especially critical 
to ensuring a healthy adult population [59].
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Executive summary

•	 Early life childhood adversity has been associated with hypothalamic–pituitary–adrenal axis dysregulation in 
adulthood via epigenetic modification of the glucocorticoid receptor gene, NR3C1.

•	 Recent research has shown the functional importance of DNA methylation within CpG island shores, which are 
genomic regions located within 2 kb of a CpG island.

•	 No previous study has assessed the impact of child abuse on NR3C1 methylation within an African–American 
(AA) population, although AAs are more likely to experience childhood abuse and conditions associated with 
increased NR3C1 methylation.

•	 This is the first epigenetics study of NR3C1 to: investigate childhood abuse victimization in relation to DNA 
methylation of a CpG island shore as a more sensitive methylation site for assessing the biological impact of 
psychosocial stress; study the epigenetic effects of psychosocial stress on NR3C1 methylation in a cohort of AA 
women; and explore positive psychosocial factors that may buffer against the deleterious epigenetic effects 
of psychosocial stress.

•	 AA women who reported child abuse exhibited higher mean NR3C1 methylation levels than women reporting 
no child abuse, after adjusting for a number of covariates.

•	 Both physical and sexual abuses were positively associated with methylation levels.
•	 Comparing mild, moderate, severe and very severe abuse with no abuse, severity of abuse demonstrated a 

significant dose-response trend in relation to mean differences in NR3C1 methylation (β). Greater severity of 
abuse showed greater mean NR3C1 methylation.

•	 Emotional support in childhood appeared to attenuate associations with physical and sexual abuse, but 
further research with larger samples sizes is warranted to clarify whether the extent to which childhood 
emotional support buffers the association.

•	 Gaining a better understanding of the mechanistic pathways through which early disadvantage translates 
into increased vulnerability to disease later in life, and is even transferred intergenerationally, may be an 
important component to a comprehensive strategy for eliminating health disparities in the USA.
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