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a  b  s  t  r  a  c  t

Objective:  Given  the association  between  maternal  caregiving  behavior  and  heightened  neural  reward
activity  in  experimental  animal  studies,  the  present  study  examined  whether  motherhood  in  humans
positively  modulates  reward-processing  neural  circuits,  even  among  mothers  exposed  to  various  life
stressors  and  depression.
Methods: Subjects  were  77  first-time  mothers  and  126  nulliparous  young  women  from  the  Pittsburgh  Girls
Study,  a longitudinal  study  beginning  in childhood.  Subjects  underwent  a  monetary  reward  task  during
functional  magnetic  resonance  imaging  in  addition  to assessment  of  current  depressive  symptoms.  Life
stress  was  measured  by  averaging  data  collected  between  ages  8–15  years.  Using  a region-of-interest
approach, we  conducted  hierarchical  regression  to examine  the  relationship  of  psychosocial  factors  (life
stress  and  current  depression)  and  motherhood  with  extracted  ventral  striatal  (VST)  response  to reward
anticipation.  Whole-brain  regression  analyses  were performed  post-hoc  to  explore  non-striatal  regions
associated  with  reward  anticipation  in  mothers  vs  nulliparous  women.
Results:  Anticipation  of  monetary  reward  was  associated  with  increased  neural  activity  in expected
regions  including  caudate,  orbitofrontal,  occipital,  superior  and  middle  frontal  cortices.  There  was  no main
effect  of  motherhood  nor  motherhood-by-psychosocial  factor interaction  effect  on  VST  response  during
reward  anticipation.  Depressive  symptoms  were  associated  with  increased  VST  activity  across  the  entire
sample.  In  exploratory  whole  brain  analysis,  motherhood  was  associated  with  increased  somatosensory
cortex  activity  to reward  (FWE  cluster  forming  threshold  p < 0.001).
Conclusions:  These  findings  indicate  that  motherhood  is not  associated  with  reward  anticipation-related
VST  activity  nor  does  motherhood  modulate  the  impact  of  depression  or life  stress  on  VST  activity.  Future
studies  are  needed  to  evaluate  whether  earlier  postpartum  assessment  of  reward  function,  inclusion  of
mothers  with  more  severe  depressive  symptoms,  and  use  of  reward  tasks  specific  for social  reward  might
reveal  an  impact  of  motherhood  on  reward  system  activity.

©  2016  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Postpartum depression is highly prevalent in low income, young
mothers and thus poses a serious public health concern (Gaynes
et al., 2005; O’Hara and Swain, 1996). Maternal mood impairment
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is often associated with deficits in maternal caregiving and com-
promised cognitive, behavioral and emotional development of the
offspring. There is currently a disappointingly low rate of post-
partum depression-related treatment remission of only 30–50%
(Wisner et al., 2006), akin to that in the broader mood disorder
clinical population. Increased understanding of the neurobiological
features of postpartum depression offers the promise of designing
specific treatments that can more directly improve maternal mood
and caregiving deficits.

http://dx.doi.org/10.1016/j.psyneuen.2016.01.009
0306-4530/© 2016 Elsevier Ltd. All rights reserved.

dx.doi.org/10.1016/j.psyneuen.2016.01.009
http://www.sciencedirect.com/science/journal/03064530
http://www.elsevier.com/locate/psyneuen
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2016.01.009&domain=pdf
mailto:mosesel@upmc.edu
dx.doi.org/10.1016/j.psyneuen.2016.01.009


E.L. Moses-Kolko et al. / Psychoneuroendocrinology 66 (2016) 130–137 131

The dopaminergic reward system is a promising candidate
circuit for neurobiological mechanism investigations of postpar-
tum depression by virtue of known dopaminergic/reward changes
which occur after childbirth (Moses-Kolko et al., 2008) and also
because of convergent findings of fronto-striatal reward dysfunc-
tion in depression and anhedonia (Dunlop and Nemeroff, 2007;
Nestler and Carlezon, 2006; Zhang et al., 2013). Recent studies
have described brain molecular and functional activity-related
disturbances in postpartum depressed women including lower
[11C]raclopride-positron emission tomography (PET) measures of
dopamine D2/3 receptor binding (DRD2) (Moses-Kolko et al., 2012)
as well as less sustained or lower ventral striatal responses to
monetary reward (Moses-Kolko et al., 2011) and positive words
(Silverman et al., 2007) relative to healthy mothers. Corroborat-
ing this work are findings of reduced cortico-striatal responses to
positive infant stimuli in mothers with attachment disturbances,
intrusive parenting and depressive symptoms (Atzil et al., 2011;
Barrett et al., 2011; Strathearn et al., 2009).

While the above studies suggest reward dysfunction in post-
partum depression, it remains unknown whether dopaminergic
reward processes are generally altered by motherhood, thus con-
ferring a distinct neurobiology for depression in postpartum
compared to non-postpartum women. Studies of maternal behav-
ior in rodents highlight the amplification of mesolimbic dopamine
system signals necessary to stimulate the appetitive aspects of
maternal behavior (Fleming et al., 2008; Numan, 2015). Specifically,
hypothalamic medial preoptic area (MPOA) and paraventricular
nucleus stimulate ventral tegmental area (VTA) dopamine release
into ventral striatum (VST), which disinhibits ventral pallidum to
generate maternal behaviors such as grooming, pup retrieval, and
nest building (Numan and Stolzenberg, 2009). Because new moth-
ers have heightened hormonal and psychosocial drive for approach
behaviors and also because heightened DA system function in new
mothers facilitates positive affect and states of well-being (Fleming
et al., 2008), it is possible that the dopamine reward function
operates at a different set-point in postpartum women. To our
knowledge, there has been no direct comparison of neural reward
system function between mothers and non-mothers

Another missing link pertains to the notion that the combined
physiological and psychosocial changes inherent in the perinatal
period, and particularly the new attachment relationship between
mother and infant and increased social support, can ameliorate
adverse neural effects of early life experiences (Barrett and Fleming,
2011; Kinsley and Lambert, 2008; McEwen, 2003). In a study of
rodent dams reared in isolated, artificial neonatal environments,
mesolimbic dopamine function varied as a function of the presence
of hormonal or tactile inputs in early life or adulthood (Afonso et al.,
2011). While a broadening literature describes that early child-
hood adversity (Dillon et al., 2009; Guyer et al., 2006) and prior
major depression (Dichter et al., 2012; Hasler et al., 2009) confer
significant ongoing signs of vulnerability in behavioral and neu-
ral responses to reward, whether motherhood can mitigate against
the impact of psychosocial factors on reward system functioning
has not yet been tested.

We  examined the association between motherhood, neural
reward function, depression and life stress in young women, var-
ied for motherhood. The young women had undergone the same
fMRI reward task in separate research studies, but, were also all
participants of a large-scale prospective study of psychopathol-
ogy, substance use and life stress that began in childhood (Keenan
et al., 2010). This is an advantageous cohort because sampling
was based on community demographic parameters as opposed to
maternal caregiving experiences. In addition, data on exposure to
life stress were collected prospectively, depression symptoms were
measured concurrently with the assessment of neural activity, and
we had nicotine use data in the entire cohort to control for con-

founding effects on neural reward function (Bühler et al., 2010).
We tested the hypotheses that 1 VST reward system activity would
be enhanced in motherhood and 2 motherhood would moderate
the relationship between both depression and life stress and VST
reward-related activity, such that VST reward activity would be
reduced in depression and in the context of high life stress, but
only for non-mothers.

2. Method

2.1. Participants and recruitment

Subjects were participants in the Pittsburgh Girls Study (PGS;
n = 2450) (Hipwell et al., 2002; Keenan et al., 2010), a longitudinal
community cohort study of the development of psychopathology
and substance use. The PGS sample was  established in 1999 based
upon enumeration of 100% low-income environments and 50% of
remaining neighborhoods in the city of Pittsburgh. Young women
were recruited into four age cohorts (ages 5–8 years in wave 1)
and have been assessed annually into late adolescence/early adult-
hood. Separate interviews of the child and her caregivers have been
conducted annually, in the home, for the past 16 years, covering
multiple domains related to individual, family, school, peer and
neighborhood. Mean participant retention in the PGS is over 90%,
and 86.3% of the original sample of girls was  interviewed in wave
15.

Two  distinct PGS substudies have examined neural response
to monetary reward. The Mother-Baby Substudy (PGS-MB) has
recruited all PGS participants, ages 18–22, who were pregnant or
postpartum for the first time. These women were interviewed in the
home and in the lab and completed the monetary reward fMRI task
(see below) at approximately 16 weeks postpartum. At the time
of this analysis 97 mothers were enrolled in the study of whom
77 (79.4%) had useable fMRI and psychosocial data. The Learning
about Girls Emotions Substudy (PGS-E) recruited 271 participants
from the youngest age cohort of the PGS who  either screened high
on measures of depression symptoms by self- or maternal report at
age eight years (n = 135), or who  were included in a random selec-
tion from the remaining girls, matched to the screen high group on
race (n = 136) [see Keenan et al. (2009) for details]. At the time of
this analysis, 194 (71.6%) of the PGS-E sample had been retained
in the study, and 169 completed the monetary reward fMRI task.
Motherhood was  not exclusionary for participation in the PGS-E
study and 11 women  (7.2%) had a live birth prior to their scan. We
excluded these women to maintain distinct groupings with respect
to motherhood. The final subgroup was  comprised of nulliparous,
late adolescents ages 15–18 years, (n = 158), of whom 126 (79.7%)
had useable fMRI and psychosocial data.

Subjects provided written informed consent as approved by the
University of Pittsburgh Human Research Protection Office. Two
prior analyses in the nulliparous cohort have examined the mediat-
ing role of neural reward responses between psychosocial stressors
and depression (Casement et al., 2014; Romens et al., 2015).

2.2. Psychological measures

Depressive symptoms at the time of the fMRI scan were assessed
with the Hamilton Rating Scale for Depression (HAM-D) in moth-
ers (PGS-MB study) and the Kiddie-Schedule for Affective Disorders
and Schizophrenia-Present and Life version (KSADS-PL) for non-
mothers (PGS-E study). To use a common depression variable for
analyses within the full study sample (mothers and non-mothers),
we derived a 12-item depression severity score from the KSADS-PL
scale which directly overlapped 12-items of the HAM-D. Applying
a 17-item HAM-D severity grading system (Hamilton, 1960) to the
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