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A face a mother could love: Depression-related maternal
neural responses to infant emotion faces

Heidemarie K. Laurent1 and Jennifer C. Ablow2

1Department of Psychology, University of Wyoming, Laramie, WY, USA
2Department of Psychology, University of Oregon, Eugene, OR, USA

Depressed mothers show negatively biased responses to their infants’ emotional bids, perhaps due to faulty pro-
cessing of infant cues. This study is the first to examine depression-related differences in mothers’ neural response
to their own infant’s emotion faces, considering both effects of perinatal depression history and current depres-
sive symptoms. Primiparous mothers (n = 22), half of whom had a history of major depressive episodes (with
one episode occurring during pregnancy and/or postpartum), were exposed to images of their own and unfamiliar
infants’ joy and distress faces during functional neuroimaging. Group differences (depression vs. no-depression)
and continuous effects of current depressive symptoms were tested in relation to neural response to own infant emo-
tion faces. Compared to mothers with no psychiatric diagnoses, those with depression showed blunted responses
to their own infant’s distress faces in the dorsal anterior cingulate cortex. Mothers with higher levels of cur-
rent symptomatology showed reduced responses to their own infant’s joy faces in the orbitofrontal cortex and
insula. Current symptomatology also predicted lower responses to own infant joy–distress in left-sided prefrontal
and insula/striatal regions. These deficits in self-regulatory and motivational response circuits may help explain
parenting difficulties in depressed mothers.

Keywords: Maternal depression; Infant; Faces; Emotion; fMRI.

An important avenue to understand the parenting
difficulties of mothers suffering from depression—and
ultimately their children’s risk for affective disorder
(e.g., Goodman et al., 2011; Hammen, Hazel, Brennan,
& Najman, 2012)—is the identification of differen-
tial neural responses to infant cues (Squire & Stein,
2003). Although a pattern of insensitive, negatively
biased responding to their infant’s emotional bids has
long been observed among both currently depressed
mothers and those with a depression history, it is still
unclear exactly what drives these behaviors (Foster,
Garber, & Durlak, 2008; Lovejoy, Graczyk, O’Hare,
& Neuman, 2000). The present study aims to shed
light on brain mechanisms underlying such response
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deficits by investigating depression-related differences
in maternal neural response to their infant’s positive
and negative emotion faces.

Normative emotional face processing involves a
network of occipital, limbic/paralimbic, striatal, and
prefrontal regions, with somewhat different emphases
depending on the type of emotion target and charac-
teristics of the respondent (Fusar-Poli et al., 2009).
Individuals with major depressive disorder (MDD)
have shown reduced activation to negative emotion
(sad and/or angry) faces in orbitofrontal cortex (OFC),
anterior cingulate cortex (ACC), and insula regions
that play a critical role in generating and regulat-
ing emotional responses (Lee et al., 2008; Townsend

© 2013 Taylor & Francis
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MATERNAL RESPONSES TO INFANT EMOTION 229

et al., 2010). Even in depression remission, blunted
OFC responses to negative emotion faces have been
found, suggesting this may be a trait marker of MDD;
at the same time, researchers found increased medial
prefrontal cortex (mPFC) activation with longer peri-
ods of euthymia, pointing to dynamic recovery of
certain aspects of neural function in the absence of
current depressive symptoms (Kerestes et al., 2012).
In response to positive emotion (happy) faces, reduced
activation and/or functional amygdala connectivity
has also been observed in several emotion-relevant
prefrontal and ACC areas, at least for a subset of MDD
patients (i.e., females, high ruminators) (Almeida
et al., 2011; Thomas et al., 2011). The importance
of restoring emotion face sensitivity in these regions
is underlined by research showing increased ACC (to
happy faces), insula, and OFC (to sad faces) activation
in MDD patients undergoing antidepressant treatment
(Anderson et al., 2011).

Although the bulk of depression research has not
dealt with mothers in particular, a study of postpartum
depression also revealed reduced prefrontal (mPFC)
activation to negative emotion faces, suggesting a
common emotion appraisal and/or regulation deficit
in various forms of depression (Moses-Kolko et al.,
2010). Another study indicated depression effects on
paracingulate responses to the face of an attachment
figure’s (the participant’s mother) (Zhang, Yaseen,
Galynker, Hirsch, & Winston, 2011). However, none
of these studies has examined neural response to par-
ticipants’ own children’s faces, limiting conclusions
that can be made about depression-related disturbances
in response to offspring.

The emerging field of parental neuroimaging has
shed light on neural circuits typically activated by
visual and/or auditory infant stimuli; these comprise a
range of subcortical and cortical (especially prefrontal)
regions involved in motivation and emotional pro-
cessing, including the regions discussed above (see
reviews by Swain, 2011; Swain, Lorberbaum, Kose,
& Strathearn, 2007). Mothers have shown heightened
activation to pictures of their own child, relative to
unfamiliar children, in a number of brain areas impli-
cated in emotional response and empathy—the insula,
OFC, ACC, and striatum (caudate, putamen) (Bartels
& Zeki, 2004; Leibenluft, Gobbini, Harrison, &
Haxby, 2004). Further research on maternal response
to specific infant emotions has demonstrated acti-
vation to own compared to unfamiliar infant happy
faces in reward-related striatal (putamen) and substan-
tia nigra regions, with progressively lower activations
in these areas for neutral and sad face comparisons
(Strathearn, Li, Fonagy, & Montague, 2008); however,
these researchers found diminished ventral striatal
activation to own infant happy faces in mothers with

insecure/dismissing relative to those with secure adult
attachment (Strathearn, Fonagy, Amico, & Montague,
2009). There is also evidence that mothers’ posi-
tive mood while viewing their own infant’s (pre-
dominantly happy) faces is related to OFC activity
(Nitschke et al., 2004). As outlined by Swain et al.
(2007), the next step in this research involves going
beyond normative maternal responses to test effects of
maternal psychopathology on neural activation to their
infants’ emotion cues. Subclinical levels of mater-
nal anxiety and depression have been shown to relate
to reduced amygdala activation to own infant posi-
tive emotion faces, suggesting mood-related blunting
of normative maternal responses that could under-
lie difficulties in parenting and attachment formation
(Barrett et al., 2012). However, these findings were
limited to positive emotion stimuli in the early postpar-
tum and did not involve diagnosable psychopathology,
leaving significant questions about lasting impacts
of maternal depression on a range of emotional
responses.

The current investigation was designed to take this
next step in maternal neuroimaging research by exam-
ining neural response to their 18-month-old infant’s
joy and distress faces in a group of first-time moth-
ers, half of whom had experienced several MDEs
including one episode during the perinatal period
(pregnancy and/or postpartum), and half of whom
had never experienced an MDE. Given indications
that both depression history and current level of
symptoms may impact brain function (e.g., Kerestes
et al., 2012; Liotti, Mayberg, McGinnis, Brannan, &
Jerabek, 2002), both of these factors were consid-
ered as predictors of neural response. Based on the
depression/parental neuroimaging literature reviewed
above and our own previous findings in this sample for
depression effects on response to cry sound (Laurent
& Ablow, 2012), we predicted that mothers with a
history of perinatal depression and/or higher current
depressive symptoms would show lower activation to
their own infant’s relative to other infants’ emotion
faces in the OFC, insula, ACC, and striatum. We fur-
ther hypothesized, in line with a general negativity
bias in depression (e.g., Erickson et al., 2005; Murphy
et al., 1999), that these depressed mothers would show
reduced activation to positive versus negative emotion
in their own infants.

METHOD

Participants

A community sample of primiparous mothers of
15- to 18-month-old infants was recruited from the
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230 LAURENT AND ABLOW

Women Infants Children (WIC) program. Mothers
who indicated interest by responding to a flier were
contacted for further screening. After giving written
consent to participate (as per the University of Oregon
IRB-approved guidelines), they were screened for
magnetic resonance imaging (MRI) contraindications
and psychopathology using the Structured Clinical
Interview for the DSM-IV (SCID). To be in the
“depressed” group, the mother had to meet criteria for
a MDE during the perinatal period and report ongo-
ing symptoms at least at the level of minor depression.
To be in the “nondepressed” group, the mother could
not meet criteria for any axis I disorder. The final
sample (n = 22, 11 per group) represents the subset
of those screened into the study (n = 34) who were
eligible to complete the study; reasons for discontinu-
ation included new pregnancy and failure to complete
a well-baby visit or lack of infant cry (required for
another part of the study as reported in 19) at the
visit.

Participants represented a low socioeconomic status
(SES) group (see Table 1, top panel). The major-
ity of mothers (77%) were Caucasian (14% African
American, 9% Latina). Most had experienced a vagi-
nal delivery (18% caesarian section). Mothers tended
to be young (M age = 24.1, SD = 4.1) and unmar-
ried (64%). Nondepressed mothers did not differ
from depressed mothers on any demographic vari-
ables, including marital status; however, nondepressed

mothers were more likely to report being in a stable
married or cohabiting relationship with the biological
father of their infant (n = 8 vs. 3 of the depressed
group, χ2[1] = 4.54, p = .03).

Mothers in the depressed group all reported MDD
onset prior to the perinatal period; thus, they rep-
resent a group prone to recurrent depression, and
symptoms were not unique to perinatal events (see
Table 1, lower panel). During the perinatal period,
half had a MDE during pregnancy (n = 3) or post-
partum (n = 3) only, with the remainder depressed
across both (n = 5). In keeping with the less controlled
but ecologically valid community sampling approach,
depressed mothers were allowed to have comorbidi-
ties, though MDD had to be the dominant current
complaint.

Closer to scanning (within 1 week), mothers
reported on current depressive symptoms using the
Center for Epidemiologic Symptoms Depression
(CESD) scale (Radloff, 1977). As expected,
the depressed group scored significantly higher
(M = 24.18, SD = 9.37) than nondepressed
(M = 7.45, SD = 6.19). Yet, a degree of inter-
group overlap (nondepressed range 0–20, depressed
range 10–32) suggested diagnostic status did not
fully capture current depressive symptoms. Therefore,
CESD scores were considered as an additional index
of depression severity. At this assessment, three
of the depressed mothers reported having begun

TABLE 1
Sample characteristics

SES variables Percent of total sample

Education
High school 32
Some college 50
College graduate 18

Yearly household income
<$5000 9
$5000–$9999 23
$10,000–$20,000 14
$20,001–$40,000 36
$40,001–$60,000 14
>$60,000 4

Diagnostic variables M (SD), Range

MDD onset age 14.3 (2.95), 11–21
Number of MDE’s 4.25 (2.36), 2–too many to count/indistinct
Comorbid diagnoses 2.36 (1.57), 1–6

Past substance abuse/dependence (n) 8
PTSD (n) 2
Other anxiety disorder (n) 8
Eating disorder (n) 2

Notes: MDD, major depressive disorder; MDE, major depressive episode. MDE descriptives are based on the
nine participants who offered a count (two reported too many/indistinct episodes to count).
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MATERNAL RESPONSES TO INFANT EMOTION 231

antidepressant (selective serotonin reuptake inhibitor
[SSRI]) treatment (duration two to four weeks).
Dropping these cases did not alter the pattern of
results; in the interests of retaining balanced groups
and reflecting a range of treated/untreated depression
syndromes, they were kept in analyses.

Stimulus collection and presentation

Researchers attended participants’ 18-month well-
baby visits and took digital pictures of the infant both
prior to and immediately following standard immu-
nization injections. The three images best representing
the “Duchenne smile face” and the three best repre-
senting the “cry-distress face” as outlined by Oster’s
(2006) BabyFACS manual were selected for the own
infant joy and distress stimuli, respectively. In par-
ticular, smile faces were selected for lip corner and
cheek raising criteria, and cry faces selected for brow
knotting and cheek raising accompanied by nasiolabial
furrow deepening. Each image was cropped closely to
the infant’s head, and any distracting visual elements
remaining in the picture (i.e., a parent’s hand) were
edited out using Gnu Image Manipulation Program
(GIMP; available at http://www.gimp.org/) photo edit-
ing tools. All final images were sized to 6 × 6 in.
with 72 pixels per in. resolution. In addition to the
own infant stimuli, photos of unfamiliar 18-month-
old infants (from mothers not included in the study
sample) were collected and edited using these proce-
dures. The same set of other infant joy (three images)
and distress (three images) faces was presented to all
participants.

The stimulus protocol was created as a block design
to be presented via the Presentation 10.0 program and
consisted of two 9-minute runs. Each run contained
five repetitions of own infant joy, other infant joy, own
infant distress, other infant distress, each separated by
rest (blank screen). Stimulus blocks were 18 seconds
(6 second presentation of each picture) and rest blocks
10 seconds. Stimulus presentation order was counter-
balanced within and across participants. Participants
were simply instructed to look at the images to allow
the most natural range of response to infant faces.
Images were projected onto a screen at the back of
the scanner, which participants could see via a mirror
positioned over their eyes.

Scanning

MRI was carried out with a 3T Siemens Allegra 3 mag-
net. A standard birdcage coil was used to acquire data
from the whole brain. Sessions began with a shimming

routine to optimize signal-to-noise ratio, followed by a
fast localizer scan (fast imaging with steady-state pre-
cession [FISP]) and Siemens Autoalign routine, two
functional runs not used in this study, an anatomical
scan, and finally the two functional runs reported in
this study.

Functional: T2∗-weighted gradient echo sequence,
64 × 64 voxel matrix, TE = 30 ms, TR = 2000 ms, flip
angle = 80◦, 32 contiguous slices thickness = 4 mm;
273 volumes per run.

Structural: T1-weighted 3D MP-RAGE sequence,
TI = 1100 ms, TR = 2500 ms, TE = 4.4 ms,
176 transverse slices 1.0 mm thick, 256 × 176 matrix
FOV = 256 mm.

Data analysis

Functional imaging data were analyzed with tools
from the fMRIB Software Library (FSL v.4.1).
Preprocessing steps included motion correction using
fMRIB’s linear image registration tool (MCFLIRT),
nonbrain structure removal with brain extraction tool
(BET), spatial smoothing using Gaussian kernel 5-mm
full-width half-maximum (FWHM), intensity normal-
ization using grand mean scaling, and high-pass tem-
poral filtering (sigma = 65s). Within-subject time
series data were analyzed using fMRIB’s improved
linear model (FILM) with local autocorrelation cor-
rection, and boxcar models describing onset/offset
of each sound stimulus were convolved with a
double-gamma basis function. Functional data were
registered to the participant’s own high-resolution
structural image (6 df ) and to a standard brain
(Montreal Neuroimaging Institute template; 12 df )
using fMRIB’s linear image registration tool (FLIRT).

Within-participant and group-level analyses were
carried out using fMRI expert analysis tool (FEAT)
v.5.98. For each participant, four explanatory variables
(EVs) modeled signal associated with own infant joy,
other infant joy, own infant distress, and other infant
distress; zero for all four stimulus EVs corresponded
to rest. Contrasts of parameter estimates (COPEs) for
own joy > other joy and own distress > other dis-
tress tested primary hypotheses regarding response to
own infant emotion faces. Own joy > distress was also
tested to investigate differential response to positive
versus negative emotion in one’s own infant, and own
joy/distress > rest contrasts were tested to describe
signal change relative to baseline. First-level COPE
images were averaged across runs using fixed-effects
analysis. These served as inputs to higher-level group
analyses, conducted using fMRIB’s local analysis
of mixed effects (FLAME) to model random-effects

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
O

re
go

n]
 a

t 1
1:

47
 0

9 
M

ay
 2

01
5 



232 LAURENT AND ABLOW

components of mixed-effects variance. AlphaSim was
used to determine cluster size needed, in conjunction
with intensity threshold p < .005, to achieve a false
discovery rate (FDR) of 0.05 for whole-brain analyses
(Cox, 1996). Using these criteria, activation clusters
exceeding 16 voxels or 615 mm3 were considered
significant in group analyses.

Group-level analyses tested effects of depression
on brain response in two ways. First, response to
own infant joy and distress faces was compared
between groups, i.e., nondepressed > depressed,
depressed > nondepressed. Second, centered depres-
sive symptom (CESD) scores were entered as a contin-
uous predictor of brain response in the entire sample to
investigate the explanatory power of current subjective
depression, as opposed to diagnostic grouping (based
more on history of a clinical syndrome). Finally, to
visualize the data driving these effects, percent signal
change associated with own infant visual stimuli com-
pared to rest was computed within clusters showing
significant depression-related differences.

RESULTS

Associations among self-report
variables

To better interpret effects of depressive symptoms—
in particular, to determine whether current self-
reported symptoms reflected the severity or chronic-
ity of MDD—other diagnostic indicators were tested

in relation to CESD scores. Mothers with more
depressive symptoms tended to report a greater num-
ber of MDEs (r = 0.35) and earlier age of onset
(r = −0.45), but no difference in the number of
comorbid conditions. As mentioned above, demo-
graphic variables including SES indicators were unre-
lated to depression variables.1

Data screening

Functional data were screened for artifacts and exces-
sive motion (>1 mm). One mother moved 1.24 mm
during a functional run, and activations were compared
with and without this participant’s data. An anterior
prefrontal cluster related to depressive symptoms in
both the own–other infant joy and distress face con-
trasts was found to be driven by this participant; this
cluster was deemed unreliable and is not reported in
the results below. Outlying data points were identi-
fied on the scatter plots described below; removal of
such outliers only strengthened associations, so the full
sample was retained in reported results.

1In addition to primary tests of depression group and symp-
tom effects, potential impacts of depression chronicity (number
of episodes, age of onset) and comorbidities were probed. These
tests yielded nonsignificant results but may have been under-
powered (n = 11 for testing psychopathology-related effects).
SES variables (i.e., household income, maternal education) were
tested as controls in depression analyses; the only difference these
made in results reported below was that the occipital cluster of
nondepressed > depressed response to own > other infant distress
faces disappeared.

TABLE 2
Maternal depression-related neural activation to infant joy and distress face images

Region BA R/L X Y Z Size (mm3) Peak Z

1. Own > Other infant joy
Activation inversely related to CESD

Insula R 42 −1 6 740 3.57
orbitofrontal cortex 11 L −18 37 −24 711 3.81

2. Own > Other infant distress
Nondepressed > depressed group activation

Dorsal anterior cingulate—paracingulate cortex 32 L −6 38 27 2416 3.55
Occipital pole 18 R 18 −87 16 697 3.52

3. Own infant joy > distress
Activation inversely related to CESD

Insula extending to putamen L −39 5 −4 1421 3.26
Dorsal anterior cingulate—supplementary motor
cortex

24/6 R/L 6 6 49 1115 3.31

Inferior frontal gyrus—frontal operculum 44 L −57 11 7 623 3.44
Supramarginal gyrus 40 L −58 −24 24 945 3.64

Notes: Clusters met thresholding criteria based on whole-brain false discovery rate < 0.05. Coordinates based on Montreal Neurological
Institute template. BA, putative Brodmann’s area.
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MATERNAL RESPONSES TO INFANT EMOTION 233

Own infant > other infant joy face
response

Mothers showed no significant between-group
(nondepressed vs. depressed) differences in neural
response to their own infant’s > other infants’
joy faces. However, mothers with lower current
self-reported depressive symptoms showed greater
activation in the right insula and the left inferior OFC
(Table 2, panel 1; Figure 1). Plots of signal change
(relative to resting baseline) associated with own
infant joy in these clusters confirmed that whereas
mothers with the fewest depressive symptoms tended

to activate, those with the most depressive symptoms
tended to deactivate to the cue.

Own infant > other infant distress face
response

Mothers with no-depression history, compared to those
with MDD, showed a greater response to their own
infant’s > other infants’ distress faces. In particu-
lar, the nondepressed group showed greater activa-
tion in the left dorsal ACC extending to paracingu-
late cortex and in the right occipital pole (Table 2,
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Figure 1. Maternal neural response to own infant compared to other infant joy faces related to lower depressive symptoms.
Notes: Activations thresholded at whole-brain FDR = 0.05 with voxel-level threshold of Z = 2.6, p < .005. Scatter plots show BOLD signal
change (compared to rest) associated with own infant joy faces in relation to mothers’ self-reported depressive symptoms. Circles represent
nondepressed group mothers; triangles represent depressed group mothers.
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Figure 2. Greater maternal neural response to own infant compared to other infant distress faces in never-depressed versus perinatal depression
group.
Notes: Activations thresholded at whole-brain FDR = 0.05 with voxel-level threshold of Z = 2.6, p < .005. Bar graphs show mean BOLD signal
change (compared to rest) associated with own infant distress faces in depressed and nondepressed groups.

panel 2; Figure 2). An examination of signal change
associated with own infant distress in this cluster
showed that whereas the nondepressed mothers acti-
vated, the depressed mothers deactivated. There were
no neural response differences associated with current
depressive symptoms.

Own infant joy > distress face
response

In a direct comparison of response their own infant’s
joy > distress faces, mothers with lower current
depressive symptoms showed greater activation across
a set of left-sided clusters (Table 2, panel 3; Figure 3).
These included the insula extending into the putamen,
a caudal portion of the dorsal ACC extending to sup-
plementary motor cortex, the inferior frontal gyrus

(frontal operculum), and the anterior supramarginal
gyrus. Plots of signal change associated with both
the own infant joy and distress cues in these clus-
ters revealed that, whereas mothers with the fewest
depressive symptoms tended to activate to the former
more than the latter, those with the most depressive
symptoms tended to deactivate to the former more
than the latter. Again, there were no significant group
differences in neural response.

DISCUSSION

This study confirmed predictions that mothers affected
by depression would show reduced neural activation
to their own infant’s emotion faces in key emotional
response and regulation circuits. In particular, we
found that a history of depression resulted in blunted
maternal responses to their own infant’s distress faces
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Figure 3. Maternal neural response to own infant joy compared to distress faces related to lower depressive symptoms.
Notes: Activations thresholded at whole-brain FDR = 0.05 with voxel-level threshold of Z = 2.6, p < .005. Scatter plots show BOLD signal
change (compared to rest) associated with own infant joy faces (light blue) and distress faces (dark blue) in relation to mothers’ self-reported
depressive symptoms. Circles represent nondepressed group mothers; triangles represent depressed group mothers. Trend lines depict the relation
between CESD scores and signal change for own infant joy faces; CESD scores were unrelated to signal change for own infant distress faces.

in a region of the ACC that was also found less respon-
sive to infant cry sound. Current depressive symp-
toms were further associated with suppressed maternal
responses to their own infant’s joy faces in parts of
the insula and OFC. Mothers with fewer depressive
symptoms responded more to their own infant’s pos-
itive compared to negative facial expressions. Below,
we relate these findings to previous work on emotion
processing and consider implications for depressed
mothers’ parenting.

Mothers reporting fewer depressive symptoms acti-
vated more to their own infant’s compared to other

infants’ joy faces in neural circuits for processing emo-
tionally relevant sensory information and generating
a reward response. The insula is part of a func-
tional “salience network” integrating emotion-relevant
cues and activating emotional responses via exten-
sive limbic and paralimbic connections (Seeley et al.,
2007), and the right insula in particular is involved in
implicit emotion processing (Fusar-Poli et al., 2009).
Frequently implicated in empathy (Decety & Meyer,
2008), insula activation may translate the sensory
information yielded by an image of her smiling infant
into a felt emotional response on the mother’s part.
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The OFC activity accompanying this response further
suggests a mutually positive emotional state, given
this region’s role in valence evaluation and reward
detection (Cox, Andrade, & Johnsrude, 2005; Liu
et al., 2007). A recent synthesis of parental (and non-
parental) caregiving research points to the integral role
of prefrontal and insula regions in compassion and
caregiving behaviors (Swain et al., 2012). In moth-
ers struggling with depression, the lack of such an
empathic response to their infant’s joy may make
the experience of parenting less rewarding and limit
opportunities for shared positive emotion.

In response to their own infant’s compared to
other infants’ distress faces, mothers with a history
of MDEs are activated less than their never-depressed
counterparts in a critical emotional judgment and
decision-making node. The dACC plays an important
role in the self-regulation of behavior through goal-
directed action selection and performance monitoring
(Ridderinkhof, van den Wildenberg, Segalowitz, &
Carter, 2004). This region is also a part of the “salience
network” and can influence emotional responses via
connections with paralimbic structures (Margulies
et al., 2007). Mothers recruiting the dACC in response
to their infant’s distress may thus be better prepared
to evaluate and take control of the situation, select-
ing appropriate strategies to soothe their infant while
remaining calm themselves. On the other hand, the
lack of such a response may leave mothers with a
recent depression history feeling helpless in the face
of their infant’s distress, manifesting behaviorally as
withdrawal or overintrusive engagement.

In response to their own infant’s emotion
faces, mothers with fewer depressive symptoms
demonstrated greater activation to joy compared to
distress faces in a set of left-sided regions suggestive
of motivated approach, including supplementary
motor and striatal areas (Harsay et al., 2011). This
pattern—which overlaps with areas of normative
own infant positive–negative emotion response in
a previous study (Barrett et al., 2012)—implies a
general readiness to respond to their infant’s positive
emotions that may reinforce the more frequent positive
emotional exchanges characteristic of well-adjusted
mother–infant dyads. Differences in striatal activa-
tion echo previous findings of dampened activity in
depressed mothers responding to cry sound (Laurent
& Ablow, 2012) and in insecure/dismissing mothers
responding to infant faces (Strathearn et al., 2009),
highlighting this region as a potentially critical compo-
nent of engaged parenting. Although highly variable
responses within a relatively small sample limit
conclusions we can make based on the present study
alone, striking convergence with brain areas previously

found to be impaired by depression and/or involved
in normative parental response adds confidence that
the blunted responses found here help to explain
parenting difficulties experienced by depressed new
mothers.

Together, these activations may support the emo-
tional mirroring observed in optimal mother–infant
interactions but often lacking in exchanges between
a depressed mother and her infant. It has been sug-
gested that parents modulate their infant’s affective
state by partially reflecting the infant’s facial and
vocal emotion cues, supporting the infant’s recog-
nition and regulation of emotion states (Fonagy,
Gergely, & Target, 2007; Gergely & Watson, 1996).
Such reflection may be facilitated by neural “mirror-
ing”; a recent meta-analysis highlighted mirror neuron
properties in the insula, ACC, and ventral premotor
cortex for emotion tasks (Molenberghs, Cunnington,
& Mattingley, 2012), and mirror neuron activation
has been related to individual differences in social
connection and empathy (Hooker, Verosky, Germine,
Knight, & D’Esposito, 2010; Iacoboni & Dapretto,
2006; Keysers & Fadiga, 2008). The integrity of sev-
eral of the regions identified above appears to depend,
in turn, on the quality of the mother’s own early
care experiences (Kim et al., 2010), suggesting an
intergenerational cascade of poor parenting and asso-
ciated emotional dysregulation. That is, problematic
childhood experiences that made mothers vulnera-
ble to depression may also inhibit neurobehavioral
mirroring responses to their infant’s emotional bids,
restricting the infants’ developing sensitivity to their
own (and down the line, their offspring’s) emotions.
Interventions that enhance maternal sensitivity to a
range of their own and their infant’s emotions could
be especially useful in counteracting these deficits
and should be investigated in relation to maternal
neurobehavioral responses.

Different effects associated with depression history
vs. current depressive symptoms promise to advance
understanding of trait vs. state depression costs.
In line with mainstream depression research showing
response deficits to negative emotion faces in remit-
ted patients, an inadequate response to distress cues
may represent a lasting marker of depression affect-
ing mothers even after acute episodes have resolved.
A substantial body of research suggests that depres-
sive episodes exert lasting effects on the structure and
function of the ACC, which in turn predict a more
chronic, treatment-resistant course of depression (e.g.,
Caetano et al., 2006; Liotti et al., 2002; Mayberg
et al., 1997; Takami, Okamoto, Yamashita, Okada,
& Yamawaki, 2007). In this sample of repeatedly
depressed mothers, reduced ACC response may thus
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represent a trait-like characteristic limiting recovery
efforts. On the other hand, diminished response to joy
cues appears to be a more malleable, state-dependent
marker of mothers’ current mood states. Reduced vol-
ume and/or activity in prefrontal, insula, and striatal
regions related to depression severity may contribute
to symptom-related functional impairment (Kimbrell
et al., 2002; Lacerda et al., 2003; Li et al., 2010; Shah,
Glabus, Goodwin, & Ebmeier, 2002), but not repre-
sent the same sort of lingering depression scar. In light
of current findings, the latter could be more amenable
to immediate treatment targeting—i.e., mothers recov-
ering from depression could be taught to attend to
and enjoy situations affording positive interactions
with their infants—whereas the work of building self-
regulatory resources to better handle negative situa-
tions may take longer to effect lasting change. Further
study is needed to determine exactly when such
depression effects emerge and how long they can be
expected to last in the course of the mother–infant rela-
tionship, guiding recommendations for intervention.

Limitations of this study point to avenues for future
research. As acknowledged above, the current sam-
ple was relatively small and had limited power to
detect response variants related to depression course
and comorbidities. Similar research in a larger sample
that includes both repeated and first-episode depres-
sion, and homogenous psychopathology subgroups,
could enable detection of finer-grained response dif-
ferences than we were able to observe. Mothers were
recruited according to criteria that ensured uniformly
low SES and (in the depressed group) chronic depres-
sion. Sampling a greater range of these characteristics
would allow researchers to address independent and
synergistic contributions of these risk factors to neural
hyporesponse. It would also be important to establish
whether these effects apply to mothers experiencing a
first-episode perinatal depressive episode, or whether
they are confined to women with a more extensive
depression history. The emotion stimuli to which
mothers responded were limited to two prototypical
expressions identified in infant emotion research (i.e.,
Duchenne smile, cry face), and it could be informative
to examine maternal response to more variable infant
emotions and/or emotion blends while also assess-
ing mothers’ perceptions of the infant’s state. Finally,
mothers were assessed relatively late in the postnatal
period (18 months). A prospective longitudinal design
starting prenatally or in the early postpartum is needed
to discern when depression-related response differ-
ences arise, perhaps pointing to a “critical period” for
maternal depression effects.

Despite these limitations, the present study—the
first to investigate neural response to infant emotion

faces in depressed mothers—represents an important
step toward illuminating the brain basis of maternal
depression effects on parent–infant interaction. It is
hoped that by identifying and remedying the roots
of poor maternal responsiveness during the earliest
periods of life, intergenerational cycles of social-
affective dysregulation can be interrupted.
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