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Abstract
Early parenting relies on emotion regulation capabilities, as mothers are responsible for regulating both their own emotional state
and that of their infant during a time of new parenting-related neural plasticity and potentially increased stress. Previous research
highlights the importance of frontal cortical regions in facilitating effective emotion regulation, but few studies have investigated
the neural regulation of emotion among postpartum women. The current study employed a functional neuroimaging (fMRI)
approach to explore the association between perceived stress, depressive symptoms, and the neural regulation of emotion in first-
timemothers. Among 59 postpartummothers, higher perceived stress during the postpartum period was associated with less self-
reported use of cognitive reappraisal in everyday life, and greater use of emotion suppression. While viewing standardized
aversive images during the Emotion Regulation Task (ERT), mothers were instructed to experience their natural emotional state
(Maintain) or to decrease the intensity of their negative emotion by using cognitive reappraisal (Reappraise). Whole-brain
analysis revealed a two-way interaction of perceived stress x condition in the right dorsolateral prefrontal cortex (DLPFC) at p
< .05 cluster-wise corrected, controlling for postpartum months and scanner type. Higher levels of perceived stress were
associated with heightened right DLPFC activity while engaging in cognitive reappraisal versus naturally responding to negative
stimuli. Higher right DLPFC activity during Reappraise versus Maintain was further associated with elevated parenting stress.
Findings suggest that stress and everyday reappraisal use is reflected in mothers’ neural regulation of emotion and may have
important implications for their adaptation to parenthood.
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Introduction

For first-timemothers, the postpartum period is a time of rapid
transformation. New changes can bring about joy and excite-
ment while also leading to significant levels of stress and
heightened risk for postpartum depression. Research demon-
strates that stressors during the postpartum period are

numerous, including not only stressors pertaining to infant
care, but also physical (i.e., fatigue, pain, sexual concerns),
intrapersonal (i.e., adjustment to maternal identity, concerns
about weight, self-care), and interpersonal stressors (i.e., car-
ing for other family members, work, relationship with partner)
(Groer et al., 2002). Although increases in levels of stress to
some degree are normative during the postpartum period
(Abidin, 1995; Kristensen et al., 2018), excessive stress con-
stitutes a serious threat to maternal, infant, and family
wellbeing (Booth et al., 2018; Crnic et al., 1983; Leppert
et al., 2018; Razurel et al., 2013; Rodgers, 1998). This is likely
by challenging the allostatic load as shown in other work on
populations with higher levels of stress (Juster et al., 2010).
Researchers have called for greater investigation into the psy-
chological experience of stress as a distinct construct, as ma-
ternal stress has important implications for but differs from the
experience of depression and anxiety (Rallis et al., 2014).
Many researchers also have become interested in how stress
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reduction can curtail the development of mood disorders and
impaired maternal-infant bonding, particularly among disad-
vantaged communities (Groer et al., 2002; Kudo et al., 2014).
Understanding how mothers’ emotion regulatory capacities
might buffer against stress is one way to address this question.
The current study examined how postpartum perceived stress,
depressive symptoms, and emotion regulation strategies are
related to mothers’ neural regulation of negative emotion
and parenting adaptation.

A putative mechanism underlying the development of ma-
ternal stress and depression during the postpartum period is
individual differences in emotion regulation. Emotion regula-
tion is the process of monitoring, evaluating, and modulating
one’s emotional reactions to accomplish one’s goals
(Eisenberg & Spinrad, 2004; Thompson, 1994). Different
emotion regulation strategies can be employed to modulate
one’s emotion, such as cognitive reappraisal, expressive sup-
pression, and distraction (Gross, 1998; McRae & Gross,
2020). Cognitive reappraisal involves reinterpreting the mean-
ing of an emotional stimulus as less negative; by contrast,
expressive suppression involves inhibiting one’s own emo-
tional responses. Cognitive reappraisal and distraction are
considered antecedent-focused strategies (i.e., changing one’s
emotional response or attention before or as the emotion de-
velops), whereas suppression is a response-focused strategy
(i.e., changing one’s emotional response only after the emo-
tion has developed) (Ortner et al., 2016). Cognitive reapprais-
al often is considered an adaptive emotion regulation strategy,
although its effectiveness can depend on the individual’s skill
and the context of the stressor (Ford & Troy, 2019). For ex-
ample, cognitive reappraisal is more effective than distraction
for decreasing negative emotions over the long-term
(Hermann et al., 2017); however, distraction is very effective
at decreasing emotion rapidly in the moment (Denson et al.,
2012). Cognitive reappraisal is not without cognitive costs and
requires the use of self-control resources (Ortner et al., 2016;
Sheppes et al., 2009; Sheppes & Meiran, 2008). Suppression
has been shown to deplete physiological and cognitive re-
sources (Friese et al., 2013; Wang et al., 2014), whereas this
is less seen with distraction (Ochsner & Gross, 2005; Sheppes
et al., 2009). Overall, a large body of research suggests that the
habitual use of cognitive reappraisal is associated with health-
ier outcomes compared with expressive suppression, such as
greater experience and expression of positive emotions, fewer
depressive symptoms, resilience to stressors, and better inter-
personal relationships (Carlson et al., 2012; Cutuli, 2014).
These capacities are likely important for caregiving as well.

The capacity of mothers to regulate their emotions facili-
tates more sensitive caregiving and may have important im-
plications for both maternal and child emotional health
(Morris et al., 2017). Early parenting relies heavily on emotion
regulation capabilities, as the parent is tasked with regulating
both their emotional state and that of their infant (Morelen

et al., 2016; Rutherford et al., 2015). Mothers of toddlers
who report less everyday use of cognitive reappraisal describe
experiencing greater negative emotion when their child mis-
behaves; this is further associated with mothers’ use of
overreactive and harsh disciplinary strategies (Lorber, 2012).
Although it can be difficult to determine the causality of find-
ings, research suggests that postpartum distress and mothers’
everyday use of emotion regulation strategies are highly
linked. Mothers with higher postpartum depressive symptoms
are more likely to use maladaptive emotion regulation strate-
gies, such as self-blame and rumination (Haga et al., 2009).
Further, the use of more effective regulation strategies, such as
cognitive reappraisal, are associated with lower postpartum
depressive symptoms (Haga et al., 2009). Among samples of
first-time mothers, higher perceived stress is associated with
less use of cognitive reappraisal, higher depressive symptoms,
and decreased life satisfaction (Watcharakitippong et al.,
2017). Maternal distress and emotion regulation strategy like-
ly influence one another and may be reflected in mothers’
neural regulation of emotion.

We are interested in how postpartum perceived stress and
depressive symptoms are reflected in emotion regulation pro-
cesses and associated brain circuitry, particularly in the pre-
frontal cortex. Previous work highlights the importance of
frontal cortical regions in modulating amygdala activity and
facilitating effective emotion regulation (Banks et al., 2007;
Ochsner et al., 2002). Cognitive reappraisal is typically asso-
ciated with increased activity in the ventromedial, dorsolater-
al, and medial prefrontal cortex (PFC) (Wager et al., 2008).
This increased activity often is associated with decreased
amygdala reactivity and reduced perceived negative emotion
(Wager et al., 2008). Some studies have found modulation of
other emotion-related regions, such as the ventral striatum and
insula (Ochsner et al., 2012). Individuals who use cognitive
reappraisal more frequently exhibit increased dorsolateral
PFC and dorsal anterior cingulate cortex (ACC) activation,
along with reduced activation in limbic regions, such as the
amygdala and hippocampus, while viewing aversive images
(Cutuli, 2014; Drabant et al., 2009; Vanderhasselt et al.,
2013). Cognitive reappraisal is a multistep and effortful pro-
cess, and brain regions involved are thought to support differ-
ent functions. Individuals must maintain their reappraisal goal
in working memory and direct their attention to relevant stim-
ulus features (e.g., dorsolateral and posterior PFC, inferior
parietal regions), select appropriate information from semantic
memory to support reappraisal (e.g., ventrolateral PFC), and
engage in performance monitoring to assess success at modi-
fying their emotional response (e.g., dorsal region of ACC)
(Ochsner et al., 2012). This process is likely disrupted in the
context of stress and adversity.

Individuals with mood disorders, as well as those living
under stressful conditions, such as poverty, generally show
reduced prefrontal cortex recruitment while attempting to
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regulate negative emotion in an effortful way (Erk et al., 2010;
Kim et al., 2013; Liberzon et al., 2015; Picó-Pérez et al., 2017;
Zilverstand et al., 2016), suggesting difficulties in top-down
control of negative emotion. However, contradictory findings
suggest that distressed individuals exhibit hyperactivation in
some areas, including greater, but counterproductive or com-
pensatory recruitment of cortical regions (Johnstone et al.,
2007), as well as greater activation in regions important for
inhibitory control, such as the superior parietal lobule and
supramarginal gyri (Picó-Pérez et al., 2017).

Some studies have investigated how distressed mothers’
brains respond when simply viewing negative noninfant-
related stimuli, although not within the context of instructed
reappraisal. Studies suggest that postpartum women respond
differently than nonpregnant controls when viewing negative
noninfant-related stimuli, such as enhanced reactivity in the
insula and inferior frontal gyrus (IFG) (Gingnell et al., 2015).
These differences may place women at increased risk for post-
partum mood problems. Increased reactivity in the insula and
IFG when viewing angry and fearful adult expressions was
associated with subclinical elevations in postpartum anxiety
and depressive symptoms (Gingnell et al., 2015). In the amyg-
dala, women who experience postpartum depression and anx-
iety exhibit reduced activation to negative noninfant cues,
such as International Affective Picture System (IAPS) pictures
or adult face images (Moses-Kolko et al., 2010; Silverman
et al., 2007, 2011). However, to our knowledge, no prior study
has examined how postpartum stress and depressive symp-
toms are reflected in the neural correlates of effortful emotion-
al regulation capacities, such as cognitive reappraisal.

The current study employed a functional neuroimaging
(fMRI) approach to test the association between perceived
stress and depressive symptoms on the neural regulation of
emotion in first-timemothers.We utilized a validated andwide-
ly used Emotion Regulation Task (ERT), involving cognitive
reappraisal of distressing images (i.e., noninfant stimuli from
IAPS) to assess effortful attempts to regulate emotion (Banks
et al., 2007; Phan et al., 2005). We were interested in the asso-
ciation betweenmaternal perceived stress and depressive symp-
toms on neural regions, including the PFC and amygdala acti-
vation during emotion regulation. We hypothesized that elevat-
ed maternal perceived stress and depressive symptoms would
be associated with differing activation levels in prefrontal con-
trol regions (e.g., dorsolateral, dorsomedial, and ventrolateral
PFC) and in the amygdala during reappraisal compared with
maintain conditions. However, based on the literature that sug-
gests both directionalities, we did not have a hypothesis that
includes specific directions of the associations in both the PFC
and amygdala regions. Furthermore, we predicted that the dif-
ferences in neural activation associated with perceived stress
and depressive symptoms would be associated with lower re-
appraisal success in the scanner, reduced everyday use of reap-
praisal strategies, and higher levels of parenting stress.

Materials and methods

Participants

Participants were English-speaking, first-time mothers and
their biological infants, at an average of 4.4 months postpar-
tum. Ninety-one percent of participants were recruited within
the first 6 months postpartum.Mothers were recruited through
flyers and brochures in Denver metro areas, such as midwifery
clinics, Women, Infants, and Children (WIC) centers, and
Colorado state Prenatal Plus programs to ensure a socioeco-
nomically diverse sample. Exclusion criteria included: a
current/historical self-reported psychiatric/neurological illness
other than depression or anxiety (to achieve a controlled, but
ecologically valid community sample approach), psychoac-
tive drug use (except antidepressants), birthing complications
or infant medical illnesses involving more than a one-night
stay in the neonatal intensive care unit (NICU), and maternal
magnetic metal in the body. The original study focused on
recruiting low or middle-income mothers; thus, participants
had an income-to-needs ratio (INR) below 8.0 (Kim et al.,
2017).

Sixty-five participants completed MRI scanning. Five par-
ticipants were excluded due to excessive motion (>20% TRs
removed; motion cutoff was framewise displacement in any
direction exceeding 0.5 mm) and one was excluded because
she completed only one run of the emotion regulation task
(ERT), resulting in 59 participants in the final analyses.
Demographic characteristics are described in Table 1. Of 59
participants who were included in the analysis, 35 participants
overlap with Kim et al. (2017), 26 overlap with Kim et al.
(2016), 49 overlap with Olsavsky et al. (2019), and 46 overlap
with Dufford et al. (2019), all of which used different tasks
from the ERT or performed a resting state functional connec-
tivity analysis. Therefore, there is no direct overlap of neuro-
imaging data among these manuscripts and the current manu-
script, although the cohort is similar and has some overlap in
terms of participants.

Procedures

The Infant Development, Environment, and Attachment
(IDEA) Project study protocol was approved by the university
institutional review board. Researchers contacted mothers by
phone and assessed eligibility for the study. If eligible,
mothers completed two sessions. First, mothers completed a
home visit protocol, with interviews and questionnaires.
Subsequently, mothers visi ted the Intermountain
Neuroimaging Center at the University of Colorado –
Boulder to complete the fMRI portion of the study (median
of 23 days following home visit). Mothers received financial
compensation for all visits, and childcare and transportation
assistance were provided if needed.

1068 Cogn Affect Behav Neurosci  (2021) 21:1066–1082



Measures

Perceived Stress ScaleGeneralized, nonspecific perceptions of
stress were assessed by using the 4-item version of Cohen’s
Perceived Stress Scale (PSS-4; Cohen & Williamson, 1988;
Cohen et al., 1983). This measure evaluated participants’ per-
ceived ability to handle their personal problems and control
the important things in their life, and how often they felt things
were going well during the past month. An example item
includes, “In the last month, how often have you felt difficul-
ties were piling up so high that you could not overcome
them?” The PSS-4 has been validated and used in many stud-
ies of pregnant and postpartum populations (Karam et al.,
2012; Murphey et al., 2017; Park et al., 2009). The PSS had
acceptable internal consistency in the current study with a
Cronbach’s α coefficient of 0.72, consistent with prior re-
search (Warttig et al., 2013). Mean and standard deviation of
total perceived stress scores were similar to those found in a
community sample of postpartum women (Murphey et al.,
2017).

Beck Depression Inventory Depressive symptoms were
assessed using the Beck Depression Inventory (BDI; Beck
et al., 1961). This measure consists of 21 items scored on a

4-point scale. Items assess depressive symptoms in the past
week, including low mood, anhedonia, feelings of guilt, irri-
tability, fatigue, and poor appetite. The BDI has been used in
other studies of postpartum women (O’Hara et al., 2019;
Poyatos-León et al., 2017; Roomruangwong et al., 2017). In
the current study, the BDI had good internal consistency with
a Cronbach’s α coefficient of 0.81. BDI scores of 10-18 are
described as mild to moderate depression, scores of 19-29 are
classified as moderate to severe depression, and scores of 30-
63 are considered severe depression. Eighteen participants
within our sample (30.5%) met criteria for mild to moderate
depression, and two participants (3.4%) met criteria for mod-
erate to severe depression.

Parenting Stress IndexMaternal parenting stress was assessed
using the Parenting Stress Index – Short Form (PSI-SF;
Abidin, 1995). This self-report measure consists of 36 items
scored on a 5-point scale. The Total Stress Index is a sum of
Parental Distress, Parent-Child Dysfunctional Interaction, and
Difficult Child subscales. The Parental Distress subscale as-
sesses stress related to personal factors, such as depression,
conflict with partner, and life restrictions due to caregiving.
The Parent-Child Dysfunctional Interaction subscale assesses
the extent to which the child is meeting the parent’s

Table 1 Sample characteristics

Maternal characteristics (N = 59) N (%) M ± SD Range

Age at MRI visit 25.98 ± 5.52 18–37

Race/ethnicity

Hispanic 26 (44.1)

Non-Hispanic White 25 (42.4)

African American or Black 3 (5.1)

Asian 1 (1.7)

Multi-ethnic 4 (6.8)

Income-to-needs ratio (past 12 months) 2.55 ± 1.53 0.43–6.24

Years of Education 14.10 ± 2.46 9–20

Handedness (right)* 53 (89.8)*

Breastfeeding at time of home visit (and/or daily pump;
but not exclusive formula-feeding)

40 (67.8)

Time between home visit and fMRI Visit (days) 31.61 ± 31.45 2–190

Perceived stress (PSS) 5.03 ± 2.75 0–11

Depressive symptoms (BDI) 7.83 ± 5.49

History of self-reported psychiatric disorder** 25 (42.4)**

Current psychiatric medication use 6 (10.2)

Infant characteristics (N = 59)

Sex (female) 37 (62.7)

Gestational age at birth (weeks) 39.28 ± 1.57 36–42

Age at MRI visit (mo) 4.58 ± 1.98 0.89–10.65

*One missing value for handedness.

**Self-reported history of Depression (N = 17), Anxiety (N = 14), OCD (N = 2), PTSD (N = 2), Anorexia (N = 1) (Note: 10 of the participants had a
history of multiple conditions).
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expectations and the parent-child relationship is stable. The
Difficult Child subscale measures parents’ perceptions of the
child’s self-regulatory abilities and whether they view the
child as disruptive. The PSI-SF demonstrates good internal
consistency, retest reliability, and correlates strongly with
the full PSI (Abidin, 1995; Reitman et al., 2002; Roggman
et al., 1994). The PSI-SF has acceptable to good internal con-
sistency in the current study with a Cronbach’s α coefficient
of 0.89 for the Total Stress Index.

Emotion Regulation Questionnaire Mothers completed a
questionnaire assessing emotion regulation style, the
Emotion Regulation Questionnaire (ERQ; Gross & John,
2003). This is a 10-item scale assessing the tendency to regu-
late emotions via cognitive reappraisal and expressive sup-
pression. Mothers responded on a 7-point Likert-type scale
ranging from 1 (strongly disagree) to 7 (strongly agree). Six
items were averaged to assess reappraisal (e.g., “When I want
to feel less negative emotion (such as sadness or anger), I
change what I'm thinking about”), and four items were aver-
aged to assess suppression (e.g. “When I am feeling negative
emotions, I make sure not to express them”). The ERQ has
been used previously in postpartum samples of women
(Martini et al., 2017; Rutherford et al., 2015). Consistent with
prior validation studies (Gross & John, 2003), the ERQ had
good internal consistency with a Cronbach’s α coefficient of
0.88 for Cognitive Reappraisal and 0.78 for Expressive
Suppression. Means and standard deviation of reappraisal
(M = 5.40, SD = 1.12; range: 2.83–7.00) and expressive sup-
pression (M = 3.08, SD = 1.27; range: 1.00–6.00) were similar
to those found in larger samples (Gross & John, 2003; Haga
et al., 2009).

fMRI paradigm We utilized a validated and widely used
Emotion Regulation Task (ERT), involving cognitive reap-
praisal of negative images, to assess effortful attempts to reg-
ulate emotion (Banks et al., 2007; Ochsner et al., 2002; Phan
et al., 2005). This task has been used in many studies with
community and clinical samples (McRae et al., 2008; Perlman
et al., 2012; Wager et al., 2008). Negative and neutral images
were selected from the International Affective Picture System
(IAPS; Lang et al., 1997) based on normative ratings of va-
lence and arousal. Participants were instructed to view neutral
images (Look; “Simply look at the images that appear”), ex-
perience their natural emotional state while viewing aversive
images (Maintain; “Look at the images and be aware of and
experience how the image makes you feel”), or to decrease the
intensity of their negative affect by using cognitive reappraisal
while viewing aversive images (Reappraise; “Use the tech-
niques we’ve told you to try to reevaluate the image in a less
negative context”).

Before entering the scanner, participants received instruc-
tion in cognitive reappraisal and practiced with a research

assistant. The research assistant gave explicit instructions
and a number of examples of how to transform a depicted
scenario into a less negative or more positive situation (e.g.,
the people are crying tears of joy because it is a wedding) or to
rationalize or objectify the content of the picture (e.g., the
people are actors in a movie). To confirm that participants
fully understood the reappraisal process, participants were
presented with negative images and were instructed to narrate
their reappraisal out loud to the research assistant. Feedback
and training continued until it was clear the participant under-
stood the process. The fMRI sessions were conducted only
when participants fully understood each condition.

The fMRI task utilized a block design, with 20 second
blocks, with instructions before each block to “look,” “main-
tain,” or “reappraise” displayed for 5 seconds. Then, partici-
pants viewed 20 seconds of distressing or neutral pictures.
Each picture appeared for 5 seconds before being replaced
by another picture, without an interstimulus interval. After
each block, a rating scale immediately appeared for 5 seconds.
Participants were asked to rate the intensity of their negative
emotion via a button box (“How negative do you feel?”), with
responses ranging from 1 (not at all) to 4 (very much).
Interspersed between look, maintain, and reappraise blocks
were baseline blocks consisting of a fixation cross and lasting
20 seconds. During this time, participants were instructed to
simply relax and wait for the next group of pictures. Total task
length was 15.5 minutes and consisted of three runs of 5 min
15 seconds each. Each run contained six blocks, including two
look, two maintain, and two reappraise blocks which were
pseudo-randomized. The behavioral indicator of the success
of regulating negative emotion was calculated by subtracting
average ratings following reappraise blocks from average rat-
ings following maintain blocks.

Data acquisition and analysis

fMRI acquisition Scanning was conducted using two different
scanners due to a scanner update; scanners were Siemens Trio
and Siemens Prisma. 36 participants were scanned on the
Siemens Trio and 23 on the Siemens Prisma. Both were 3.0
T Siemens magnet scanners using a standard 32-channel head
coil, acquiring 540 T2*-weighted echo-planar-imaging (EPI)
volumes. The parameters of T2* functional sequences were
matched across the scanners (TR = 2,300 ms; TE = 27 ms; flip
angle = 73; field of view = 192 mm; matrix size, 64 × 64; 36
axial slices; voxels = 3 mm3). In addition to functional data,
high-resolution anatomical T1-weighted images were ac-
quired using 3D magnetisation-prepared rapid gradient-echo
(MPRAGE) protocol. For the Siemens Trio, high resolution
T1-weighted magnetization prepared rapid gradient-echo
(MPRAGE) images were acquired with the following param-
eters: 192 sagittal slices, TR = 2,530 ms, TE = 1.64 ms, flip
angle = 7°, FOV = 256 mm2 and voxel size 1 x 1 x 1 mm. For
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the Siemens Prisma, T1 sequence parameters were 224 sagit-
tal slices, TR = 2,400 ms, TE = 2.07 ms, flip angle = 8°, FOV
= 256 mm2, and voxel size 0.8 x 0.8 x 0.8 mm.

Analyses were conducted to examine potential systematic
effects of scanner type. First, the noise variance across scanners
was examined. Themean average temporal signal-to-noise ratio
(TSNR) did not significantly differ by scanner type, t(57) =
1.35, p = .182 (Siemens Trio: M = 224.47, SD = 33.07;
Siemens Prisma: M = 211.78, SD = 38.92). Second, the main
variable of interest, perceived stress, did not significantly differ
by scanner type t(57) = 0.78, p = .938 (Siemens Trio:M = 5.06,
SD = 2.89; Siemens Prisma:M = 5.00, SD = 2.59). Third, when
only scanner type was included in the whole-brain model, there
were no main effects of scanner type and no significant two-
way interactions of scanner type x condition. While it is not
possible to completely rule out, the results of these analyses do
not provide strong evidence for systematic scanner effect.
However, to be on the conservative side, scanner type was
included as a covariate in the whole-brain analysis.

Covariate selection Scanner type and postpartummonths were
included in all fMRI models. Postpartum months was includ-
ed as a covariate, because the current sample had considerable
variability in postpartum age (M = 4.58 months, SD = 1.98,
range: 0–10). The following sociodemographic variables were
tested and included in post-hoc analyses if they were associ-
ated p < .10 with the independent variable (perceived stress,
depressive symptoms): maternal age, education, race and eth-
nicity, handedness, breastfeeding, income-to-need ratio in the
past year, maternal psychiatric medication use, maternal self-
reported history of depression, anxiety, or other psychiatric
disorder, and infant sex. Post-hoc perceived stress models
included history of self-reported psychiatric disorder and cur-
rent psychiatric medication use as covariates as they were
associated p < .10 with perceived stress.

Behavioral data Participants’ ratings of negative affective state
were compared in Look, Maintain, and Reappraise conditions
using a repeated measures ANOVA. Additionally, associa-
tions between perceived stress and depressive symptoms with
reappraisal success in the scanner were examined.

Image preprocessing Preprocessing and statistical analysis
were conducted in Analysis of Functional Neuroimages soft-
ware (AFNI) (Cox, 1996). The first four pre-steady-state vol-
umes (2 dummy TRs and 2 additional TRs) for each run were
discarded. Preprocessing steps included slice timing correc-
tion, motion correction, affine alignment, normalization,
smoothing, and scaling. Slice timing correction temporally
interpolated slices such that the resulting data were as close
as possible to if the brain image was acquired at a single time
point. Participants’ sequential functional volumes were
realigned to the last volume of the last run to correct for head

movement. Images with motion greater than 0.5 mm in any
direction were censored. Participants with excessive motion
(>20% of TRs removed) were excluded from the analysis (see
Participants section). Within the data included in the analysis,
the range of number of volumes censored was 0–80 (M =
13.56 ± 20.14; median = 6; ≤20% of the total volumes).
Thus, at least 90 volumes for each condition were included
in the present analysis. After motion correction, the functional,
echo-planar image (EPI) was aligned with the structural image
via coregistration. Each participant’s brain was then normal-
ized to map onto the Talairach template (Talairach &
Tournoux, 1988). Lastly, spatial smoothing was applied using
6-mm full width at half maximum blur estimates and intensity
scaling was applied to compare data on a standardized unit.

fMRI Single-Subject Models At the individual level, a general
linear model (GLM) was used to analyze BOLD signal chang-
es in response to three task conditions. Linear regression
modeling was performed per voxel with the following regres-
sors: three condition regressors, six motion parameter regres-
sors (3 translational, 3 rotational), and a third-order polynomi-
al modeling baseline drift.

Whole-brain models Group level analyses examined single-
subject images for Look, Maintain, and Reappraise condi-
tions, utilizing a 3dLMEmodel in AFNI (Cox, 1996), control-
ling for relevant covariates and scanner type. A whole brain
mask was created based on 90% EPI coverage. Perceived
stress and depressive symptoms were modeled separately to
avoid collinearity as the continuous between-subject factor,
because these two scores were correlated with one another (r
= 0.640, p < .001). Within subject factors were task condition:
Look vs. Maintain and Maintain vs. Reappraise. We ran two
separate models, Look vs. Maintain and Maintain vs.
Reappraise, as Look vs. Reappraise was not the contrast of
interest. We examined main effects and interaction effects of
perceived stress and depressive symptoms in the whole-brain
analysis by entering each of these covariates separately within
the 3dLME models. Correction was performed for multiple
comparisons within the whole brain using the cluster extent
threshold of k ≥ 33 with a height threshold of p < .001, which
was determined via 3dClustSim with spatial autocorrelation
function (ACF) option. To decompose significant interac-
tions, post-hoc analyses were performed using average per-
cent signal change values that were extracted from significant
clusters and analyzed further using SPSS (Statistical Package
for the Social Sciences version 22, Chicago, IL).

Exploratory regression analyses—emotional coping and par-
enting stress We examined exploratory associations between
neural activation extracted from the results of the 3dLME
whole-brain analysis in suprathreshold clusters (subtraction
data of Reappraise minus Maintain), reappraisal success in
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the scanner, everyday reappraisal and suppression, and par-
enting stress indices using bivariate Pearson correlations in
SPSS.

Results

Sample characteristics

Mothers were 26 years old on average (M = 25.98, SD = 5.52),
primarily Hispanic (44.1%) and non-HispanicWhite (42.4%),
and almost half of the participants had 13 or fewer years of
education. The sample was socioeconomically diverse; almost
half of families were low-income (47.5% with an income-to-
needs ratio ≤2). See Table 1 for detailed participant demo-
graphic information. Elevated perceived stress was signifi-
cantly associated with elevated depressive symptoms (r =
0.640, p < .001). Some data were not approximately normally
distributed, so Mann-Whitney U tests were conducted when
appropriate. Perceived stress scores (t(56) = −3.462, p = .001)
and depressive symptoms (Mann-Whitney U = 217.00, p =
.002) were higher among women with a self-reported history
of depression, anxiety, posttraumatic stress disorder (PTSD),
or obsessive compulsive disorder (OCD). Perceived stress al-
so was higher among mothers currently taking psychiatric
medications (Mann-Whitney U = 58.50, p = .039).
However, perceived stress and depressive symptoms were
not associated with any other demographic variables, includ-
ing maternal age, education, income-to-needs ratio (INR) in
the past year, race, ethnicity, breastfeeding, and postpartum

months (ps > .10). Parenting stress was associated with history
of self-reported psychiatric disorder (Mann-Whitney U =
256.50, p = .010) but was not significantly associated with
psychotropic use (Mann-Whitney U = 132.50, p = .506).

Behavioral data

Participant ratings of negative emotional state differed be-
tween the Look, Maintain, and Reappraise conditions (F(2)
= 52.91, p < .001). Post-hoc testing using the Bonferroni cor-
rection revealed that ratings increased from the Look (M =
1.09 ± 0.15) to Maintain condition (M = 2.94 ± 0.58), in-
creased from the Look (M = 1.09 ± 0.15) to Reappraise con-
dition (M = 2.38 ± 0.55), and decreased from the Maintain (M
= 2.94 ± 0.58) to Reappraise condition (M = 2.38 ± 0.55) (all
ps < 0.001). Perceived stress and depressive symptoms were
not significantly correlated with reappraisal success in the
scanner (ps > .10).

Whole-brain analysis

Perceived Stress

Look vs. Maintain There were no main effects of perceived
stress symptoms and no significant two-way interactions of
perceived stress x condition (Look, Maintain).

Maintain vs. Reappraise A significant two-way interaction of
perceived stress x condition (Maintain, Reappraise) was iden-
tified in the right dorsolateral prefrontal cortex (DLPFC;

Fig. 1 (a) Right dorsolateral prefrontal cortex (DLPFC) activation (BA9 & 10; x,y,z = 26,56,26, k = 41) showing perceived stress condition interaction,
p < .05 corrected; (b) Left caudate nucleus (x,y,z = −13,−4,20, k = 52) showing perceived stress main effect, p < .05 whole-brain cluster-wise corrected
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Brodmann Area 9 & 10) at p < .05 corrected (41 voxels, x,y,z
= 26,56,26; Fig. 1a). Surface visualization was conducted
using Caret version 6.65 (Van Essen et al., 2001). Post-hoc
correlation analysis revealed that elevated perceived stress
was associated with increased neural activity in this cluster
during Reappraise compared to Maintain (Fig. 2a).
Perceived stress was positively associated with neural activa-
tion during Reappraise activation (r = .287, p = .027).
Perceived stress was not associated with Maintain activation
(r = −.132, p = .319).

Main effects of perceived stress in the whole-brain analysis
revealed a significant cluster in the left caudate nucleus at p <
.05, corrected (52 voxels, x,y,z = −13,−4,20; Fig. 1b). Post-
hoc correlation analysis revealed that elevated perceived stress
was associated with less neural activation in the caudate nu-
cleus across Maintain and Reappraise conditions (Fig. 2b).

Given the significant correlations between variables of in-
terest and maternal self-reported history of psychiatric disor-
der and current psychiatric medication use, we examined the
effect of those potential confounding factors. When self-
reported psychiatric history and current medication use were
included in the whole-brain model, the association between
perceived stress and right DLPFC during Reappraise com-
pared toMaintain remained, p < .05 corrected. Themain effect
of perceived stress on left caudate activity also remained, p <
.05 corrected.

Depression

Look vs. Maintain There were no main effects of depressive
symptoms and no significant two-way interactions of depres-
sive symptoms x condition (Look, Maintain).

Fig. 2 (a) Positive association between perceived stress and neural response in the right DLPFC in the contrast of Reappraise vs. Maintain. (b)Negative
association between perceived stress and neural response in the left caudate nucleus during Maintain and Reappraise
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Maintain vs. Reappraise There were nomain effects of depres-
sive symptoms and no significant two-way interactions of
depressive symptoms x condition (Maintain, Reappraise).

Associations with emotional coping and parenting
stress

Elevated perceived stress was associated with greater reported
use of suppressive expression (r = .283, p = .031), less use of
cognitive reappraisal (r = −.290, p = .027), and increased
parenting stress (r = .564, p < .001) (Fig. 3). Everyday use
of cognitive reappraisal was further associated with reduced
parenting stress (r = −.281, p = .032); however, suppression
was not significantly associated with parenting stress.

Depressive symptoms were not associated with everyday
suppressive expression or cognitive reappraisal (ps > .10) but
were associated with greater parenting stress (r = .528, p <
.001).

Exploratory analyses revealed that right DLPFC activation
extracted from the main analysis (subtraction data of
Reappraise minus Maintain) was associated with increased
parenting stress (r = .564, p < .001) (Fig. 4). However, caudate
activation was not significantly associated with parenting
stress (ps > .10). Right DLPFC activation during Reappraise
compared with Maintain and left caudate activation during
Maintain and Reappraise were not significantly associated
with reappraisal success in the scanner or everyday reported
use of reappraisal or suppression (all ps > .10).

Discussion

The present study examined whether maternal distress levels
were associated with behavioral and neural activation during
emotion regulation among a socioeconomically diverse group
of first-time mothers. Mothers experiencing higher levels of
perceived stress during the postpartum period reported being
less likely to use reappraisal strategies and more likely to use
suppression. We found that women reporting higher levels of
perceived stress also showed enhanced right dorsolateral

prefrontal cortex (DLPFC) activity when engaging in cogni-
tive reappraisal (Reappraise condition), compared to when
naturally responding to negative stimuli (Maintain condition).
No significant differences were found among mothers
report ing higher levels of depressive symptoms.
Additionally, higher levels of perceived stress were associated
with reduced left caudate nucleus activity acrossMaintain and
Reappraise conditions. Exploratory analyses revealed that en-
hanced right DLPFC activity during Reappraise compared to
Maintain conditions was associated with elevated parenting
stress. Findings suggest that stress and reappraisal use are
reflected in mothers’ neural regulation of emotion and may
have implications for their transition to parenthood.

Maternal perceived stress was associated both with self-
reported emotion regulation strategy use, as well as brain re-
sponse during volitional emotion regulation. Mothers with
higher perceived stress reported using reappraisal strategies
less during their everyday life. This may be because they find
these strategies more effortful and must expend greater energy
to effectively reappraise negative emotional stimuli. This ex-
planation is consistent with research demonstrating that higher
perceived stress is associated with increased avoidant coping
and reduced approach coping (Soderstrom et al., 2000;
Watcharakitippong et al., 2017). Higher perceived stress also
was associatedwith increased right dorsolateral prefrontal cor-
tex (DLPFC) activation during Reappraise compared with
Maintain conditions. The DLPFC is involved in the process-
ing of emotion-related meanings and is activated following
presentation of both negative and positive emotional stimuli
(Keightley et al., 2003; Lane et al., 1997; León-Carrión et al.,
2007; Teasdale et al., 1999). Furthermore, the DLPFC plays a
central role in the prefrontal emotion regulation network and
supports the cognitive modulation of emotion and strategies,
such as reappraisal (Buhle et al., 2014; Morawetz et al., 2016).

Despite significant findings for Reappraise compared to
Maintain conditions, perceived stress was not associated with
differential brain activation during Maintain versus Look con-
ditions. Maintain (i.e., naturally responding to a negative pic-
ture) and Look (i.e., naturally responding to a neutral picture)
conditions can be interpreted as tapping into emotional

Fig. 3 Associations between perceived stress and everyday use of (a) reappraisal (r = −.290, p = .027) and (b) suppression (r = .283, p = .031)
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reactivity. Perhaps perceived stress did not have a significant
impact on brain activation due to overall dampened stress
reactivity during the perinatal period (de Weerth &
Buitelaar, 2005).

Surprisingly, depressive symptoms were not significantly
associated with use of emotion regulation strategies or brain
activation during the emotion regulation task. Nonsignificant
findingsmay be due to the recruitment of a community sample
and limited range in depression scores. Although perceived
stress and depressive symptoms were highly correlated in
our sample, only 3.4% of participants met criteria for moder-
ate to severe depression based on the clinical cutoff for the
Beck Depression Inventory. The majority of the sample ex-
hibited minimal depressive symptoms (84.7%, BDI ≤ 13);
study findings should be interpreted within the context of this
largely healthy population. Future research should investigate
whether emotion regulation strategies and brain activation dif-
fer among women diagnosed with postpartum depression.

The association between perceived stress and heightened
DLPFC activation during reappraisal may indicate greater ef-
fort required to down-regulate emotional responses. Although
the majority of prior studies describe decreased DLPFC activ-
ity during reappraisal among distressed populations
(Zilverstand et al., 2016), there are some studies that find
enhanced activations. Johnstone et al. (2007) found that de-
pressed individuals showed greater recruitment of the right
lateral and ventrolateral PFC during efforts to reappraise neg-
ative emotional stimuli. In a right lateral PFC region (BA10),
overlapping with the right dorsolateral cluster in the current
study, depressed individuals showed increased activation dur-
ing Reappraise compared with Maintain. By contrast, healthy
controls showed less activation during Reappraise compared
with Maintain conditions. Reappraisal while viewing violent
scenes was also associated with greater right DLPFC activa-
tion in individuals with social anxiety compared with healthy

controls (Goldin et al., 2009). Hyperactivation of the DLPFC
may be a signal of inefficient regulation. The DLPFC also
shows higher activation among depressed individuals on cog-
nitive tasks, which helps to facilitate cognitive performance
(Fitzgerald et al., 2017; Matsuo et al., 2007).

Greater right DLPFC activation among stressed mothers
also may be related to heightened anxiety during reappraisal.
Individuals experiencing psychological distress often show
enhanced right DLPFC activation when viewing negative
stimuli (Anand et al., 2005; Keedwell et al., 2005; Ritchey
et al., 2011). In fact, there is a pattern of relative hyperactivity
in the right DLPFC and hypoactivity in the left DLPFC among
depressed and phobic individuals during emotional activation
(Grimm et al., 2008; Liotti et al., 2002; Schienle et al., 2013).
Distressed individuals can benefit from treatments, such as
repetitive transcranial magnetic stimulation (rTMS) that de-
crease right DLPFC activation (Bermpohl et al., 2006;
Fitzgerald et al., 2003; Gershon et al., 2003; Mantovani
et al., 2013); reported outcomes include improvements in
emotion regulation (Diefenbach et al., 2016). Among commu-
nity populations, decreasing right DLPFC activity is associat-
ed with improved inhibitory control of emotion (Cho et al.,
2010; Ironside et al., 2016), whereas increasing it is associated
with negative emotional responding (Kelley et al., 2013). In
the current study, mothers experiencing elevated perceived
stress may exhibit salience biases and differences in their in-
terpretation of stimuli during reappraisal.

Exploratory analyses showed that neural activation during
cognitive reappraisal was linked to concerns surrounding par-
enting. Specifically, elevated right DLPFC activation was as-
sociated with elevated total parenting stress, including worries
about child misbehavior, maternal-child bonding, and mater-
nal depressive symptoms and role changes. It is important to
note that parenting-specific stress and general perceived stress
are distinct, but overlapping constructs (Creasey & Reese,

Fig. 4 Association between dorsolateral PFC activation in the contrast of Reappraise vs. Maintain and parenting stress
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1996). There is likely some spillover from parenting stress to
general stress, and vice versa (Barnett et al., 1992). However,
research suggests that parenting-specific stress is a unique and
sometimes stronger predictor of maternal psychological dis-
tress and child outcomes compared with general life stress
(Creasey & Reese, 1996; Quittner et al., 1990). Maternal
stress surrounding her new parenting role may have important
implications for her health and wellbeing during the postpar-
tum period, as well as the health and wellbeing of her child.
Overall, maternal neural response during emotion regulation
is associated with indicators of her adaptation to her new par-
enting role.

Perceived stress also was associated with reduced caudate
nucleus activation, both when viewing and reappraising aver-
sive stimuli, which may reflect altered processing of negative
emotion. The caudate, part of the striatum, is highly activated
by emotionally arousing content (Carretié et al., 2009; Gerdes
et al., 2010). It is involved in implicit and reward-based learn-
ing (Haruno et al., 2004; Seger & Cincotta, 2005) and may be
particularly activated during automatic emotional processing
(Bogert et al., 2016). Caudate activation is reduced among
distressed individuals; patients with depression and PTSD
show decreased activations of the caudate when viewing neg-
ative and positive images (Elman et al., 2009; Felmingham
et al., 2014; Lee et al., 2008; Ritchey et al., 2011). After
receiving cognitive behavioral therapy, depressed patients
demonstrated an increase in caudate activation to viewing
emotional images (Ritchey et al., 2011). Individuals exposed
to a stressor (e.g., cold pressor, negative performance feed-
back), also show dampened caudate activation (Kumar et al.,
2014; Porcelli et al., 2012). Dampened activation of subcorti-
cal structures, such as the caudate may reflect altered emotion-
al arousal and dysfunctional prefrontal-subcortical circuitry
following stress. Research suggests structural and functional
connectivity between the caudate nucleus and DLPFC
(Draganski et al., 2008; Leh et al., 2007; Robinson et al.,
2012). In the present study, reduced caudate activation among
stressed mothers may indicate less implicit emotion process-
ing and regulation. This could contribute to greater effortful
and conscious attempts at cognitive reappraisal and height-
ened right DLPFC activation (Rive et al., 2013).

Study Limitations & Future Directions This study should be
considered in light of several limitations. First, all measures
were assessed concurrently, such that it is impossible to infer
causality of findings or to examine mediation. General per-
ceived stress and parenting stress were highly correlated in the
present sample, and both were related to reduced use of cog-
nitive reappraisal during everyday life. High levels of stress
may contribute to the use of more suppression and fewer re-
appraisal strategies; conversely, more frequent use of suppres-
sion and lower utilization of reappraisal strategies may be
associated with higher stress levels in mothers. Longitudinal

studies can help to disentangle the impact of emotion regula-
tion strategy selection and stress on parenting success and
challenges. For example, longitudinal training in reappraisal
techniques such as distancing has been shown to reduce par-
ticipants’ level of perceived stress in their daily lives (Denny
& Ochsner, 2014). Parenting interventions also are associated
with reductions in parenting stress and altered neural re-
sponses to infant cry, namely increases in child versus self-
focused activity in social brain areas (Swain et al., 2017).

Second, brain activation, stress, and everyday reappraisal
were not associated with reports of reappraisal success in the
scanner. This result is consistent with findings that only 16%
of studies find significant group differences in self-reported
reappraisal success between clinical and control populations
while in the scanner (Dillon & Pizzagalli, 2013; Zilverstand
et al., 2016). Highly stressed mothers may be able to regulate
their emotions effectively when given appropriate instruc-
tions, but this process may be more effortful and not as well
integrated into their everyday life.

It is important to note that the relationship of right DLPFC
during reappraisal and parenting stress was an exploratory
analysis. Future studies are needed to test the relationship
between parenting stress and the neural regulation of emotion,
particularly identifying how parenting stress is associated with
observed caregiving behaviors and neural response during
parenting-relevant tasks. Although the use of a well-
validated task for emotion regulation was a strength of the
current study, it is important to acknowledge that we assessed
mothers’ neural regulation of emotion in the context of
noninfant-related stimuli. Assessing emotion regulation pro-
cesses more directly related to parenting may yield important
findings. Future research should examine mothers’ neural reg-
ulation of emotion in response to negative infant stimuli, such
as infant cry sounds, sad baby pictures, or challenging parent-
ing situations. Importantly, studies also should assess how
maternal emotion regulation capabilities influence observed
parenting behaviors, such as sensitivity and hostility
(Crandall et al., 2015; Firk et al., 2018; Lorber, 2012;
Schultheis et al., 2019). Research is needed to examine wheth-
er neural activity during emotion regulation is related to par-
enting perceptions, as well as parenting behaviors and child
outcomes (Firk et al., 2018; Riem & Karreman, 2019).

Lastly, future studies should assess mothers’ prior experi-
ences in therapy and mothers’ brain activity and physiological
response while engaging in regulation strategies such as sup-
pression and distraction. The current study did not assess if
mothers had prior experiences with therapy. Prior training in
cognitive reappraisal could have influenced mothers’ brain
response and skill in implementing reappraisal strategies
(Troy et al., 2013). It also is important to acknowledge that
expressive suppression was assessed via maternal self-report
in the current study. Future research should examine maternal
brain response while using regulation strategies, such as
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expressive suppression, acceptance, and distraction (Firk
et al., 2018). Self-reports of suppression were associated with
elevated perceived stress in the current study. Thus, in a future
study, suppression may be associated with heightened amyg-
dala activation during the down-regulation of negative emo-
tion (Abler et al., 2010; Vanderhasselt et al., 2013).
Pupillometry data, skin conductance, and facial expressivity
also could be used to assess emotional reactivity in conjunc-
tion with fMRI scanning in future studies (Mckinnon et al.,
2020; Riem & Karreman, 2019). It is currently unknown if
some subjects may have averted their eyes when viewing neg-
atively valenced images, which requires future investigation.
Although the current study assessed for potential systematic
effects of scanner type (which are described in the methods
section) and included scanner type as a covariate in the anal-
yses, future studies should seek to replicate these findings
using a single scanner.

Study Implications Although cognitive reappraisal is general-
ly considered an adaptive emotion regulation strategy, there
may be other more effective coping strategies for parenting,
particularly parenting under stress. Distraction has been
shown to be an effective regulation strategy for decreasing
mothers’ emotional intensity and bilateral amygdala activa-
tion while listening to infant cry sounds (Firk et al., 2018).
Acceptance and commitment therapy (ACT) approaches, such
as mindfulness and cognitive defusion may be particularly
helpful among postpartum samples (Bonacquisti et al.,
2017). Teaching mothers mindfulness skills can promote
adaptive coping in stressful contexts (e.g., poverty, relation-
ship conflict) and parenting challenges (e.g., nursing, sleep
deprivation) to facilitate sensitive and responsive parenting
(Duncan & Bardacke, 2010; Gershy et al., 2017).
Additionally, individuals report that acceptance and mindful-
ness strategies are easier to use than cognitive reappraisal, and
participants exhibit less depletion of cognitive resources after
engaging in these strategies (Keng et al., 2013; Troy et al.,
2018). Future research should evaluate how distraction and
mindfulness emotion regulation strategies support maternal
mental health during the postpartum period, particularly
among mothers experiencing high levels of contextual
stressors and psychiatric symptoms.

It also is important to note that expressive suppression may
be an appropriate emotion regulation strategy for some
mothers and in some cultural contexts. Studies find that indi-
viduals with Western-European values experience more neg-
ative consequences of suppression (e.g., increased negative
emotion). By contrast, suppression of negative emotion was
associatied with fewer or no adverse effects among individ-
uals endorsing more Asian values, as well as in Mexican
American and Chinese American samples (Butler et al.,
2007; Su et al., 2015). Research recruiting diverse postpartum
samples, including diversity in culture, race and ethnicity, and

socioeconomic status, can help us to identify adaptive emotion
regulation strategies and brain response and develop appropri-
ate interventions for new mothers.

The postpartum period is a time of elevated maternal stress
and increased vulnerability. Although effective maternal emo-
tion regulation is important for sensitive caregiving and the
adaptation to parenthood, few studies have investigated how
to best support maternal emotion regulation during this stress-
ful life transition. The current study finds that highly stressed
first-time mothers exhibit differences in their habitual emotion
regulation strategies, favoring suppression to reappraisal strat-
egies. Stressed mothers also demonstrate altered brain activa-
tion in the DLPFC during cognitive reappraisal, which is fur-
ther associated with elevated concerns about parenting. Future
research should assess levels of perceived stress among di-
verse samples of postpartum mothers, including characteriz-
ing longitudinal changes between postpartum stress, brain re-
sponse during volitional emotion regulation, and parenting
behaviors. Elevated perceived stress may interfere with
mothers’ ability to engage in cognitive reappraisal, especially
when stressors are chronic and outside of mothers’ control
(Crandall et al., 2015; Kim et al., 2013). Investigation of con-
textual risk factors, such as economic and social stressors, and
multiple emotion regulation strategies, such as acceptance and
distraction, are critical to support the most vulnerable mothers
and infants. High perceived stress could be used as a risk
factor to identify postpartummothers who would benefit from
additional support, such as enhanced training in cognitive re-
appraisal or alternative emotion regulation strategies.
Research is needed to understand the neural mechanisms un-
derlying adaptive emotion regulation during the postpartum
period, due to the unique emotional demands during this time
and the long-term implications for maternal and infant
wellbeing.
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