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! Harsh parenting  is  a risk  factor  for  mental  and  physical  health  problems  in  humans.
! The ESR1  receptor  is  critical  to adaptive  maternal  behavior  in nonhuman  mammals.
! ESR1 genotype  predicted  human  neural  responses  to  children  and  maternal  parenting.
! Future study  of ESR1,  neural  responses  to child  stimuli,  and  child  abuse  is warranted.
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a  b  s  t  r  a  c  t

A  failure  of  neural  changes  initiated  by  the  estrogen  surge  in  late  pregnancy  to  reverse  the  valence  of  infant
stimuli  from  aversive  to  rewarding  is  associated  with  dysfunctional  maternal  behavior  in  nonhuman
mammals.  Estrogen  receptor-!  plays  the  crucial  role  in  mediating  these  neural  effects  of  estrogen  prim-
ing. This  preliminary  study  examines  associations  between  estrogen  receptor-!  gene  polymorphisms  and
human  maternal  behavior.  Two  polymorphisms  were  associated  with  human  negative  maternal  parent-
ing. Furthermore,  hemodynamic  responses  in  functional  magnetic  resonance  imaging  to  child  stimuli
in neural  regions  associated  with  social  cognition  fully  mediated  the  association  between  genetic  varia-
tion  and  negative  parenting.  This  suggests  testable  hypotheses  regarding  a biological  pathway  between
genetic  variants  and  dysfunctional  human  maternal  parenting.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Nulliparous small-brain mammals are unprepared for mother-
hood; they typically find neonates to be aversive, often avoiding or
attacking them [26]. Neural functioning must change dramatically
during pregnancy to reverse the valence of infant stimuli to reward-
ing. Rising estrogen in late pregnancy binds to estrogen receptors,
allowing adaptive maternal behaviors [9,27].  This “estrogen prim-
ing” [7,29] influences serotonergic [28] and dopaminergic circuits
[32], and increases oxytocin OT receptor proliferation and syn-
thesis in brain [29]. After estrogen priming, pups are approached
[5,16],  rejection and infanticide are reduced, and aggression toward
threatening intruders is increased [6].  If this process fails, pups are
rejected or killed [15].
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The estrogen alpha receptor (ESR1) is critical to estrogen
priming [7,29].  ESR1 knock-out mice exhibit reduced estrogen sen-
sitivity and abnormal maternal behavior [7].  Notably, the effect of
low maternal licking and grooming of pups on later deficits in the
offspring’s maternal behavior is mediated by reductions of ESR1
expression due to methylation [7] and reduced transcription in
offspring [8].

It is not yet clear, however, if estrogen priming plays a similar
role in humans. Most nulliparous human females like infants, but
because this process is highly conserved in mammals [5],  a role in
humans is plausible. Therefore, we conducted a preliminary test
of associations between variants in the ESR1 gene and maternal
parenting in humans using genetic functional magnetic resonance
imaging (fMRI). Understanding dysfunctional maternal parenting
in humans is a priority because abusive parenting is a potent risk
factor for mental and physical disorders that increase premature
mortality [36].

Previous fMRI studies revealed that infant faces and cries acti-
vate human maternal cortical and limbic regions [33] and regions
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Table  1
Demographics of sample.

Scanned Genotyped Scanned and genotyped
N  = 35a N = 36a N = 31a

Mother
Age at scan (mean years, SD) 47.31 (5.18) 47.42 (5.03) 47.39 (5.27)
Number of live births (mean, SD) 2.34 (0.72) 2.36 (0.68) 2.39 (0.72)

Child
Age  in wave 1 (mean years, SD) 5.23 (0.77) 5.25 (0.77) 5.19 (0.79)
%  Male 85.7 86.1 87.1
%  African American 45.7 41.7 41.9
Prematurity (mean weeks, SD) 0.46 (1.01) 0.44 (1.00) 0.52 (1.06)
%  Caesarian 25.7 22.2 25.8
%  ADHD in wave 1 48.6 50.0 48.4
%  First born 57.1 52.8 51.6

a One missing parenting data.

involved in reward [2,22,35]. In mothers of older children, amyg-
dala and insula activations are not observed, but cortical regions
involved in social cognition are activated [21,34]. In this study, we
examine individual differences in neural responses to child stimuli
to determine if they are associated with both polymorphisms in
ESR1 and variations in human maternal behavior.

2. Methods

As previously described [18], 121 4–6 year olds were recruited
from a child psychiatry clinic in 1994–1995 for a longitudinal study
of children with attention-deficit/hyperactivity disorder (ADHD)
and matched controls [10,18,20].  In wave 1, mother–child inter-
actions were videotaped in a room with furniture, toys, and other
objects [11]. Mothers were invited to play freely with their children
then conduct assigned tasks with them (Supplemental materials).
Mother–child interactions were coded from videotapes using a
standard system [31]. Two measures of parenting were defined by
averaging standardized scores in the structured and play situations:
Positive parenting (praise, positive affect, and physical positive)
and negative parenting (negative commands, critical statements,
and physical negatives) were coded. Inter-coder agreement was
>90 for positive parenting, negative parenting, and child disruptive
behavior. Such parenting measures predicted later mental health
outcomes of children in this sample [11,19].

Sixteen years later, we used extreme group sampling [23] based
on scores on previously observed positive and negative maternal
parenting to conduct the present study. From 90 selected mothers,
3 declined and 29 could not be contacted. Eighteen mothers could
not be scanned due to metal implants, claustrophobia, or medica-
tion. Forty mothers were scanned, but data for 5 mothers were lost
to programming errors (Table 1).

2.1. Neuroimaging

Photographs of the child at 4–6 years and photos of unre-
lated children of the same age, sex, and race-ethnicity were used
as stimuli. Mothers also viewed dynamic visual stimuli depicting
inappropriate (dishonest or aggressive) or neutral behaviors. Each
consisted of 3 600 × 480 pixel color photographs presented suc-
cessively for 1000, 200, and 1000 ms  to imply motion. Forty-eight
stimuli portrayed inappropriate behaviors (e.g., child intentionally
kicking an adult) and 48 portrayed neutral behaviors (e.g., child
standing by an adult) without showing faces. These stimuli were
matched on race, complexity, and situations.

Stimuli were presented with E-prime 1.2 [30] by back-
projection. A black fixation cross was presented in 16 18 s baseline
blocks and dynamic child stimuli were presented in 16 19.8 s blocks.

Stimuli were blocked by type (appropriate/inappropriate behav-
ior), each consisting of 6 stimuli (2200 ms  each) with 6 1100 ms
inter-stimulus intervals, during which the fixation cross was  pre-
sented against a gray background. Participants were shown the
stimuli in 2 sessions (8 active blocks per session). In one session,
immediately preceding every stimulus block, mothers were pre-
sented with the photograph of their own child for 6 s and instructed
to “imagine this is your child.” In the other session, each stimu-
lus block was  preceded by a photograph of the matched unfamiliar
child for 6 s and mothers were instructed to “imagine this is not your
child”. Order was counterbalanced across sessions and participants.

MRI  was performed on a 3-T Philips Achieva Quasar scan-
ner. Pulse sequence parameters included time repetition/time
echo (TR/TE) 2000/25, flip angle = 77, 32 contiguous slices
with 4 mm thickness, slice gap 0.5 mm,  224 mm × 224 mm field
of view (FOV), approximately 64 × 64 matrix. High resolu-
tion structural images were acquired in the sagittal plane
using a T1-weighted 3D Turbo Field Echo (TFE/MP-RAGE)
anatomical scan with the following parameters: TR = 8.1 ms,
TE = 3.7 ms,  FOV = 224 mm × 224 mm × 160 mm,  isotropic voxel
size 1 mm × 1 mm × 1 mm,  matrix size 224 × 224. During anatom-
ical scans after the stimulation paradigms, participants watched a
movie about tropical beaches.

Image preprocessing in SPM8 [37] in MATLAB 7.0 [24] included
correction for head motion, normalization to the SPM8 echo-planar
imaging template, and smoothing using a 6-mm full-width half-
maximum isotropic Gaussian kernel. Images were realigned and
normalized using standard SPM procedures. All participants had
less than 0.5 voxels of in-plane motion throughout scanning.

2.2. Genotyping

Saliva was  collected using Oragene kits [12] from 36 mothers.
DNA was checked for quality by OD ratio of 260/280 and concen-
tration. We  genotyped two  intronic ESR1 SNPs (rs1884051 and
rs3020377) associated with dysphoria in women [14]. TaqMan SNP
genotyping assays [1] PCR reactions were conducted in 3 "l con-
taining 10 ng genomic DNA, 1.5 "l 2X TaqMan universal PCR master
mix  [1],  0.075 "l 40X SNP genotyping assay. After 95 ◦C 10 min,
40 cycles consisting of 15 s at 92 ◦C and 1 min at 60 ◦C annealing
temperature were performed. After PCR amplification, an endpoint
plate read using a 7900 Real-Time PCR System [1] was performed.
Both ESR1 SNPs were in Hardy–Weinberg equilibrium: rs3020377,
!2 = 0.00, N.S.; rs1884051, !2 = 0.65, N.S. There were no ancestry
group differences in allele frequencies for rs1884051, but the A
allele of rs3020377 was more common in European (64.3%) than
African American mothers (30.0%), Fisher’s Exact Test, p = 0.0080,
requiring ancestry to be covaried.
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Fig. 1. Significant hemodynamic responses in (a) own > other child, and in (b) inappropriate > appropriate behavior contrasts in fMRI.

3. Results

3.1. Whole-brain tests

A voxel-by-voxel multiple regression analysis of signal changes
for the child photographs and the 2 block categories was  applied to
preprocessed images using the SPM8 hemodynamic response func-
tion. Individual data were analyzed using a fixed-effects model;
group data were analyzed using a random-effects model. Condi-
tion effects at the subject level were modeled by box-car regressors
representing type of child photograph and blocks.

Only regions identified in previous studies of maternal neural
responses to child stimuli [33] were selected a priori. ROIs in these

regions were tested for associations with external variables if a
voxel in a selected region was  activated at p < .005, uncorrected,
or p < .05, small-volume corrected with k = 10 [38]. Small volumes
consisted of 5 mm spheres centered at the most significant acti-
vated voxel of the clusters at p < 0.001 uncorrected in the whole
brain analysis. Data extraction for 5-mm spherical ROIs was  per-
formed using the rfxplot toolbox [13] in SPM8. The contrasts were:
Own/other child and inappropriate/neutral child behavior in the
own–child session. Activations were overlaid on a representative
high-resolution structural T1-weighted image from one subject
from the SPM8 canonical image set, coregistered to Montreal Neu-
rological Institute (MNI) space. Coordinates were based on results
from the whole-brain analyses and neuroanatomical atlases.

Fig. 2. Scatter plots with group means for hemodynamic responses in own/other child (O) and inappropriate/appropriate behavior (I) contrasts in neural regions significantly
related to both negative parenting and ESR1 rs1884051 (top). Activations are expressed as normalized z-scores residualized on covariates. SEM revealed mediation of the
genetic  association with negative parenting by the ROIs (bottom left). Scatter plot of negative parenting residualized on covariates with the latent neural construct (bottom
right).
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3.2. Tests of association

Only ROIs significant in whole-brain analyses were used in inde-
pendent tests of association using generalized linear models with
robust standard errors [25], controlling child’s sex, race-ethnicity,
birth order, age in wave 1, mother’s age at scanning, delivery (Cae-
sarian or vaginal), and parity. To adjust for child effects on parenting
[3], the child’s diagnosis of ADHD and disruptive behavior during
mother–child interaction were covariates [19]. Three sequenced
sets of prioritized models were conducted:

1. Additive terms coded −1, 0, and 1 tested differences in num-
bers of minor alleles and a term coded −1, 2, and −1 captured
nonadditive associations. Omnibus 4-DF tests of the association
of these terms for the two SNPs with maternal parenting were
conducted. These did not detect a significant association of ESR1
SNPs with positive parenting, !2 = 7.42, p = 0.1151, but revealed a
significant joint association with negative parenting, !2 = 18.25,
p < 0.0011. A significant interaction between ancestry and the
additive term for rs3020377 (  ̌ = −0.1543, !2 = 17.97, p < 0.0001),
reflecting stronger association between rs3020377 and negative
parenting for African American mothers was found, but not a
significant ancestry-by-rs1884051 interaction.

2. Separate models regressed parenting on each ROI significantly
activated in whole-brain analyses, with the same covariates plus
time of scanning.

3. Associations with ER-! SNPs were separately tested for each ROI
that was significantly associated with parenting in step 2.

Photographs of own > another child and depictions of inap-
propriate > appropriate behavior evoked hemodynamic responses
in social cognition areas [33] (Fig. 1). Eight of the 36 ROIs that
were significantly activated in the own > other child contrast were
nominally associated with negative parenting, exceeding the 1.8
associations expected at p ≤ .05 by chance (none significant at cor-
rected  ̨ = .05/36 = .0014). Five of 39 associations between ROIs
activated/deactivated in the inappropriate > appropriate youth
behavior contrast were significant (1.95 expected by chance; none
significant at  ̨ = .05/39 = .0013) (see Supplemental materials).

Notably, 4 of 8 4-DF tests were significant for the association of
ESR1 SNPs with the ROIs that were both significantly activated in
the own > other child contrast and associated with negative parent-
ing. Precuneus and superior and inferior frontal gyri activations (all
left side) were each related to negative parenting at p < 05/4 = .0125.
Individually, rs1884051 A alleles were additively associated with
these 4 ROIs, with rs3020377 associated with one ROI. In the inap-
propriate > appropriate contrast, ESR1 SNPs were jointly related to
right insula activation at corrected p < .05/4 = .0125. Both rs1884051
and rs3020377 were additively associated with this ROI (Table 2).

3.3. Structural equation modeling

To prepare for future tests of neural pathways from genetic
variants through neural functioning to maternal behavior it is nec-
essary to establish that each variable is significantly associated with
all others, then determine if neural variation statistically mediates
the association between gene and behavior. Structural equation
modeling (SEM) [4] with robust maximum likelihood estimation
estimated associations among the 5 ROIs associated with both
rs1884051 and with negative parenting [17]. The latent neural con-
struct estimates concurrent activations in ROIs in the contrasts. All
covariates used in regression models were included in these SEMs.
The latent neural construct was significantly associated with both
the additive term for rs1884051 (standardized coefficient = −0.65,
p < .0001) and negative parenting (standardized coefficient = 0.26,
p < .04). In Fig. 2, the scatter plot shows the association of the

Table 2
Omnibus and individual tests of associations between ESR1 polymorphisms and
negative maternal parenting (N = 35) and neural regions of interest that were both
significantly activated and significantly associated with negative parenting (N = 30),
with all covariates in models.

!2 p <

Negative maternal parenting
rs1884051 (additive) 9.74 0.0018
rs1884051 (nonadditive) 0.02 0.8907
rs3020377 (additive) 7.02 0.0081
rs3020377 (nonadditive) 2.54 0.1109

Own child ≥ other child fMRI contrast
Right medial prefrontal cortex (omnibus 4-DF test: !2 = 2.39, p = 0.6636)

rs1884051 (additive) 0.12 0.7319
rs1884051 (nonadditive) 0.41 0.5222
rs3020377 (additive) 0.02 0.8765
rs3020377 (nonadditive) 0.04 0.8389

Left dorsolateral prefrontal cortex (omnibus 4-DF test: !2 = 5.94, p = 0.2034)
rs1884051 (additive) 0.65 0.4213
rs1884051 (nonadditive) 0.92 0.3383
rs3020377 (additive) 0.02 0.8843
rs3020377 (nonadditive) 0.05 0.8250

Right dorsolateral prefrontal cortex (omnibus 4-DF test: !2 = 2.87, p = 0.5803)
rs1884051 (additive) 0.02 0.8787
rs1884051 (nonadditive) 0.55 0.4579
rs3020377 (additive) 0.66 0.4162
rs3020377 (nonadditive) 0.18 0.6721

Left superior frontal gyrus (omnibus 4-DF test: !2 = 16.65, p < 0.0023)
rs1884051 (additive) 10.10 0.0015
rs1884051 (nonadditive) 0.92 0.3379
rs3020377 (additive) 2.27 0.1315
rs3020377 (nonadditive) 0.03 0.8622

Left inferior frontal gyrus (omnibus 4-DF test: !2 = 17.16, p = 0.0018)
rs1884051 (additive) 8.81 0.0030
rs1884051 (nonadditive) 5.13 0.0236
rs3020377 (additive) 0.06 0.8125
rs3020377 (nonadditive) 4.64 0.0312

Left fusiform gyrus (omnibus 4-DF test: !2 = 6.01, p = 0.1980)
rs1884051 (additive) 1.16 0.2806
rs1884051 (nonadditive) 2.66 0.1029
rs3020377 (additive) 0.04 0.8419
rs3020377 (nonadditive) 5.24 0.0220

Left inferior parietal lobule (omnibus 4-DF test: !2 = 10.88, p = 0.0280)
rs1884051 (additive) 5.51 0.0189
rs1884051 (nonadditive) 0.78 0.3772
rs3020377 (additive) 3.10 0.0785
rs3020377 (nonadditive) 0.00 0.9606

Left precuneus (omnibus 4-DF test: !2 = 15.11, p = 0.0045)
rs1884051 (additive) 13.69 0.0002
rs1884051 (nonadditive) 1.48 0.2236
rs3020377 (additive) 2.25 0.1332
rs3020377 (nonadditive) 0.79 0.3729

Inappropriate ≥ neutral behavior fMRI contrast
Right insula (omnibus 4-DF test: !2 = 14.76, p < 0.0052)

rs1884051 (additive) 10.69 0.0011
rs1884051 (nonadditive) 5.90 0.0151
rs3020377 (additive) 18.67 0.0001
rs3020377 (nonadditive) 1.79 0.1812

Right posterior superior temporal sulcus (omnibus 4-DF test: !2 = 3.08,
p  = 0. 5441)

rs1884051 (additive) 0.01 0.9416
rs1884051 (nonadditive) 0.01 0.9119
rs3020377 (additive) 0.24 0.6267
rs3020377 (nonadditive) 1.33 0.2488

Left precuneus (omnibus 4-DF test: !2 = 5.25, p = 0.2625)
rs1884051 (additive) 0.13 0.7163
rs1884051 (nonadditive) 3.10 0.0784
rs3020377 (additive) 0.08 0.7823
rs3020377 (nonadditive) 1.79 0.1806

Right caudate (omnibus 4-DF test: !2 = 7.53, p < 0.1103)
rs1884051 (additive) 1.64 0.1997
rs1884051 (nonadditive) 0.95 0.3296
rs3020377 (additive) 2.46 0.1166
rs3020377 (nonadditive) 3.33 0.0680
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latent neural construct with negative parenting residualized on the
covariates; removing the two outliers increased the correlation to
r = .48. In the full SEM, the path between the rs1884051 and the
neural construct was significant and the path between the neu-
ral construct and negative parenting was significant, but the direct
path between rs1884051 and negative parenting was no longer
significant, indicating mediation by the neural construct.

4. Discussion

The present preliminary findings are internally consistent and
suggest the testable hypothesis that genetic variations in ESR1 are
associated with hemodynamic responses to child stimuli in sev-
eral neural regions, which are themselves positively correlated
with negative parenting, and in the right insula, which is inversely
related to negative parenting. Because previous studies also found
activations to child stimuli in these cortical regions in mothers of
children [21,34], but not infants [2,22,35], these findings may  be
specific to mothers of older children.

These preliminary novel findings do not support any conclu-
sions, however. The sample was small and heterogeneous, not all
sampled mothers participated, and neuroimaging was not contem-
poraneous with parenting assessments. Nonetheless, if the present
findings are confirmed in future studies using more extensive geno-
typing of ESR1, the hypothesis yielded by these findings could
improve understanding of the role of estrogen in maternal parent-
ing in humans and could ultimately lead to child abuse prevention.

5. Conclusions

Hemodynamic neural responses to preschool child stimuli in
cortical regions were correlated with both tag SNPs in ESR1 and
with observed negative maternal parenting. Furthermore, a latent
construct defined by these correlated regions fully mediated the
association between–SNPs in ESR1 negative parenting. This sug-
gests testable hypotheses regarding a role of genetic variants in
ESR1 in dysfunctional human maternal parenting.
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