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Maternal postpartum depression (PPD) exerts long-term negative effects on infants; yet the mechanisms
by which PPD disrupts emotional development are not fully clear. Utilizing an extreme-case design, 971
women reported symptoms of depression and anxiety following childbirth and 215 high and low on
depressive symptomatology reported again at 6 months. Of these, mothers diagnosed with major
depressive disorder (n = 22), anxiety disorders (n = 19), and controls (n = 59) were visited at 9 months.
Mother-infant interaction was microcoded for maternal and infant’s social behavior and synchrony.
Infant negative and positive emotional expression and self-regulation were tested in 4 emotion-eliciting
paradigms: anger with mother, anger with stranger, joy with mother, and joy with stranger. Infants of
depressed mothers displayed less social gaze and more gaze aversion. Gaze and touch synchrony were
lowest for depressed mothers, highest for anxious mothers, and midlevel among controls. Infants of
control and anxious mothers expressed less negative affect with mother compared with stranger;
however, maternal presence failed to buffer negative affect in the depressed group. Maternal depression
chronicity predicted increased self-regulatory behavior during joy episodes, and touch synchrony
moderated the effects of PPD on infant self-regulation. Findings describe subtle microlevel processes by
which maternal depression across the postpartum year disrupts the development of infant emotion
regulation and suggest that diminished social synchrony, low differentiation of attachment and nonat-
tachment contexts, and increased self-regulation during positive moments may chart pathways for the

cross-generational transfer of emotional maladjustment from depressed mothers to their infants.

Keywords: maternal depression, maternal anxiety, mother—infant synchrony, emotion regulation,

negative and positive emotions

Maternal postpartum depression (PPD) is a major health con-
cern affecting approximately 13% to 18% of all women within 12
months after childbirth (Burt & Stein, 2002; Gavin et al., 2005;
Serretti, Olgiati, & Colombo, 2006). Of special alarm are data
indicating that rates of PPD increase each decade (Halbreich &
Karkun, 2006), and PPD is the most underdiagnosed disorder in
the community (Howard et al., 2014; Ko, Farr, Dietz, & Robbins,
2012). PPD has long been known to exert significant negative
effects on children; offspring of depressed mothers show increased
susceptibility to psychopathology (Gotlib, Joormann, & Foland-
Ross, 2014; Murray et al., 2011), difficulties in regulating emo-
tions (Silk, Shaw, Forbes, Lane, & Kovacs, 2006), problems in
interpersonal relationships (Carter, Garrity-Rokous, Chazan-
Cohen, Little, & Briggs-Gowan, 2001), and disruptions to physi-
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ological support systems that underpin stress management and
social affiliation (Feldman, 2012; Thompson, Parker, Hallmayer,
Waugh, & Gotlib, 2011; Thompson, Hammen, Starr, & Najman,
2014). It has been suggested that exposure to maternal depression
is most detrimental during the first months of life, when depen-
dence on the mother is maximal and the infant’s brain and social
behavior are shaped by patterns of maternal care (Feldman, 2015a;
Goodman et al., 2011; Gotlib et al., 2014). Yet, no study, to our
knowledge, has used a microlevel observational approach to test
the effects of maternal depression across the first months of life on
both patterns of mother—infant interaction and infant regulation of
negative and positive emotions in the presence of mother and
stranger, targeting the infant’s emotional functioning in the attach-
ment context as well as within the general social world of unfa-
miliar adults.

In this study, we followed a low-risk birth cohort to detail the
effects of maternal depressive mood across the infant’s first year
on mother-infant interaction and the infant’s ability to manage
negative and positive emotional moments vis-a-vis mother or
stranger. We observed and microcoded mother-infant interaction
in the home environment and focused on mother’s and infant’s
social behavior and patterns of synchrony. Infants were then ob-
served in four contexts eliciting negative (anger) and positive (joy)
emotions, each assessed once with the mother and once with a
stranger. These paradigms were microcoded for the expression of
negative and positive affect and self-regulatory behavior, consis-
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tent with perspectives that view the expression and regulation of
emotions as distinct and central components of emotion regulation
(Cole, Martin, & Dennis, 2004; Rothbart, Sheese, Rueda, & Pos-
ner, 2011). Observing infants with mother and stranger tapped the
uniqueness of the attachment context for infants’ emotional out-
comes and whether PPD affects such differentiation. Finally, for
further specificity, we included a group of mothers diagnosed with
anxiety disorders (AD) to separate outcomes specific to PPD from
those generally linked with an affective disorder, making this study
the first to integrate microlevel observations of relational patterns
and ER markers in mothers diagnosed with both depression and
anxiety disorders.

Maternal Depression, Social Behavior, and
Mother—Infant Synchrony

PDD has long been associated with disruptions to the mother-
—infant relationship, expressed in reduced maternal behavior and
diminished synchrony (Goodman et al., 2011; Stein et al., 2012).
Depressed mothers exhibit lower sensitivity and responsiveness
(Bansil et al., 2010; Parsons, Young, Rochat, Kringelbach, &
Stein, 2012) and less maternal behavior in the gaze, affect, vocal,
and touch modalities (Broth, Goodman, Hall, & Raynor, 2004;
Feldman & Eidelman, 2003, 2007; Goodman et al., 2011; Stein et
al., 2012). These maternal behaviors, which appear in a species-
specific repertoire across mammals, provide critical environmental
inputs for maturation of the social brain and serve as building
blocks for the infant’s social —emotional competencies (Feldman,
2015a; Feldman, 2015b; Meaney, 2010). Here, we focused on two
fundamental maternal behaviors; touch and gaze. Maternal touch is
a mammalian-general behavior that is expressed immediately after
birth, triggered by the release of oxytocin during parturition. In
rats, maternal touch (licking-and-grooming) was found to shape
the infant’s brain oxytocin and glucocorticoid systems (Szyf,
McGowan, & Meaney, 2008), supporting the lifetime capacity to
form affilitive bonds, manage stress, and use close relationships
for stress reduction (Champagne & Meaney, 2001; Cirulli et al.,
2009). Although maternal touch received less attention in human
research, affectionate touch—human touch aimed solely for the
expression of love—is a central component of early relationships,
functions to regulate stress and emotions, and is linked online with
physiological support systems, such as cortisol production or heart
rate variability (Feldman, Singer, & Zagoory, 2010; Stack, 2001;
Weinberg & Tronick, 1998). Mother’s depressive symptoms have
been associated with diminished maternal physical contact and
touch (Feldman & Eidelman, 2003, 2007; Feldman, Keren, Gross-
Rozval, & Tyano, 2004; Murray, Halligan, Goodyer, & Herbert,
2010; Righetti-Veltema, Conne-Perréard, Bousquet, & Manzano,
2002). Furthermore, maternal touch is linked with peripheral and
genetic biomarkers of the oxytocinergic system (Feldman, Gordon,
Schneiderman, Weisman, & Zagoory-Sharon, 2010; Feldman et
al., 2012), which are disrupted in cases of depression (Apter-Levy,
Feldman, Vakart, Ebstein, & Feldman, 2013; Mah, Van Ijzen-
doorn, Smith, & Bakermans-Kranenburg, 2013; Stuebe, Grewen,
& Meltzer-Brody, 2013), suggesting that PPD may be associated
with dysfunction in the biological substrate that supports affec-
tionate touch.

In contrast to maternal touch, which appears immediately after
birth in all mammals, the coordination of social gaze between
mother and child is exclusively human and emerges in the third
month of life (Feldman, 2007b). The ability to coordinate social
gaze with another human provides the basis for social communi-
cation and is disrupted in conditions associated with social dys-
function, such as autism (Preti et al., 2014), schizophrenia (Ma-
tsumoto, Takahashi, Murai, & Takahashi, 2015), or depression
(Radke, Giiths, André, Miiller, & de Bruijn, 2014). Altered pat-
terns of maternal gaze during interactions have similarly been
found in conditions involving high-risk parenting, such as prema-
turity (Eckerman, Hsu, Molitor, Leung, & Goldstein, 1999; Harel,
Gordon, Geva, & Feldman, 2011) or maternal trauma (Ionio & Di
Blasio, 2013; Steuwe et al., 2014), and mother—infant gaze coor-
dination predicts infant self-regulation, visual attention, and be-
havior problems (Feldman & Eidelman, 2004, 2007; Harel et al.,
2011; MacLean et al., 2014). During the second 6 months of life,
patterns of gaze coordination become more mutual and gaze syn-
chrony no longer depends on the mother following the infant’s
gaze direction (Feldman, 2007b); thus, in this study we targeted
moments of mother-infant shared social gaze, whether initiated by
mother or child. During this period human mothers also begin to
integrate affectionate touch into moments of mutual gaze and from
this stage, humans, unlike other mammals, can impact the physi-
ological systems of the attachment partner via the coordination of
visuo-affective social cues with or without physical contact (Feld-
man, 2016; Feldman, Dollberg, & Nadam, 2011a; Schneiderman,
Kanat-Maymon, Zagoory-Sharon, & Feldman, 2014).

In addition to maternal behavior, PPD disrupts the mother’s
capacity to create a mutual-regulatory synchronous exchange
with her infant, describing deficiencies in the process by which
mother and infant match each other’s behavior and affect during
social interaction (Tronick, 2007). Through synchronous mo-
ments, infants learn to detect and respond to emotional signals,
acquire the rules of social dialogue, and practice strategies to
regulate moments of heightened arousal (Feldman, 2006,
2007a; Trevarthen, 1993). Disruptions to mother—infant syn-
chrony in cases of PPD are expressed in various forms: There
are fewer episodes of mutual social gaze (Beebe et al., 2008;
Feldman & Eidelman, 2007), durations of vocal switch-pauses
are longer and less predictable (Jaffe, Beebe, Feldstein, Crown,
& Jasnow, 2001; Zlochower & Cohn, 1996), and mothers tend
to quickly terminate moments of shared gaze (Feldman, 2007b).

Synchrony experienced during the sensitive period between two
and nine months carries lasting effects on infant social-emotional
development (Feldman, 2015a). Synchrony has been shown to
predict attachment security, better regulation of negative and pos-
itive emotions, symbol use, physiological regulation, and the ca-
pacity for empathy across childhood and adolescence (Feldman,
2007a; Feldman, Eidelman, & Rotenberg, 2004; Feldman, Green-
baum, & Yirmiya, 1999; Jaffe et al., 2001; Moore & Calkins,
2004). Inasmuch as synchrony provides a key experience for the
development of self-regulation (Tronick, 2007), the diminished
synchrony and reduced maternal behavior in the gaze, vocal, and
touch modalities place infants of depressed mother at a higher risk
for later regulatory difficulties.
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Emotional Expression, Self-Regulation,
and Maternal Depression

Emotion regulation (ER), the focus of much developmental
research, addresses the ability to manage states of increased
arousal to facilitate adaptation or goal-directed activity (Cole et al.,
2004; Thompson, 2011). ER is a multifactorial construct, including
biological, behavioral, attentional, and cognitive components that
hierarchically organize in response to external or internal events
(Cole et al., 2004; Fox & Calkins, 2003). Developmental research
on ER highlights the expression of emotions and the regulatory
behavior used in emotional contexts as distinct and fundamental
components of children’s ER (Garber & Dodge, 1991). Greatest
strides in the development of ER occur during the first years of life
(Eisenberg, Spinrad, & Eggum, 2010; Feldman, 2009). During the
second half-year, infants learn to use regulatory behavior with
more flexibility and context-specificity and become more profi-
cient in using putative regulatory behaviors, behaviors that clearly
display the child’s self-regulatory effort, as well as in utilizing
behaviors which are not inherently regulatory but serve a regula-
tory function during moments of distress, such as attention diver-
sion (Kopp, 2009). Putative regulatory behaviors are part of the
infant’s regulatory repertoire since birth, serve an adaptive survival
function, and reduce negative emotions in stressful contexts (Ad-
amson & Frick, 2003; Buss & Goldsmith, 1998; Stifter & Braun-
gart, 1995). During the second 6 months, infants also begin to
display distinct ER behaviors with mother versus stranger as
observed in both levels of expressed affect and the use of self-
regulatory effort (Feldman et al., 2011b; Grolnick, Bridges, &
Connell, 1996; Kochanska, Tjebkes, & Forman, 1998), suggesting
they have internalized the attachment context and are able to use
its provisions for regulating emotions.

Parents play a key role in supporting emergent ER skills
(Hirschler-Guttenberg, Golan, Ostfeld-Etzion, & Feldman, 2015;
Morris et al., 2011). A sensitive maternal style characterized by
positive affect and responsiveness increases self-regulation and
reduces negative emotions (Bernier, Carlson, & Whipple, 2010;
Feldman et al., 1999; Halligan et al., 2013; Kim & Kochanska,
2012; Kochanska, Aksan, Prisco, & Adams, 2008), whereas over-
whelming and intrusive parenting increase dysregulation and neg-
ative affect (Eiden, Edwards, & Leonard, 2007; Johnson et al.,
2002; Wood, 2006). The experience of synchrony supports the
infant’s ability to manage negative and positive emotions in dis-
tinct ways. With regard to negative emotions, as synchrony oscil-
lates between episodes of coordination and miscoordination, with
amount of miscoordinated states increasing from 3 to 9 months
(Pratt, Singer, Kanat-Maymon, & Feldman, 2015; Tronick &
Cohn, 1989), synchrony enhances the infant’s capacity to tolerate
momentary frustration, particularly when mother is present. As to
positive emotions, unlike negative emotions, which can be expe-
rienced in alone states since birth, infants can express positive
affect only in social contexts and require the adult’s assistance to
both build positive affect and maintain it through moment-by-
moment synchrony (Feldman, 2003). Thus, the reduced synchrony
between depressed mothers and their infants may lead to impair-
ments in the ability to modulate negative emotions, maintain
positive affect, or use appropriate self-regulatory behavior in neg-
ative and positive contexts. Moreover, since interactions with a
depressed mother contain less of the elements that support ER

skills, the attachment context may be less unique for such infants
and less differentiation would be observed between infants’ ER
behavior with mother and stranger, particularly during negative
moments.

Maternal depression has been associated with emotion-
regulatory problems in children, observed in both children of
clinically depressed mothers and children of mothers with elevated
depressive symptoms (Ashman, Dawson, Panagiotides, Yamada,
& Wilkinson, 2002; Blandon, Calkins, Keane, & O’Brien, 2008;
Feng et al., 2008; Field, Diego, & Hernandez-Reif, 2006;
Maughan, Cicchetti, Toth, & Rogosch, 2007; Murray et al., 2011,
2010). Infants of depressed mothers show difficulties in tasks that
require ER, for instance, reducing the frequency and intensity of
negative affect or expressing positive emotions (Cohn, Campbell,
& Ross, 1992; Forbes, Cohn, Allen, & Lewinsohn, 2004). Impor-
tantly, poor ER abilities are observed across psychopathological
conditions, including depression (Garber, Braafladt, & Weiss,
2009; Silk, Steinberg, & Morris, 2003), anxiety (Rubin, Coplan,
Fox, & Calkins, 1995), aggression (Marsee & Frick, 2007; Mel-
nick & Hinshaw, 2000; Shields & Cicchetti, 1998), and behavior
problems (Cole, Teti, & Zahn-Waxler, 2003; Gilliom, Shaw, Beck,
Schonberg, & Lukon, 2002), and show stability over time (Feld-
man, 2009; Halligan et al., 2013). It is thus likely that regulatory
difficulties would be observed in infants of anxious mothers,
possibly in different ways from those observed in infants of
depressed mothers.

The Current Study

The current study aimed to target mechanisms embedded in the
mother—infant relationship that may be implicated in the cross-
generational transfer of affective vulnerability by utilizing a mi-
crolevel observational approach focused on both mother—infant
interaction and infants’ regulation of negative and positive emo-
tions. To further specify the effects of maternal depression, we
included a group of clinically anxious mothers. Children of anx-
ious parents are 3.5 times more likely to develop anxiety disorders
compared to children of nonsymptomatic parents and are more
likely to develop anxiety disorders compared to offspring of de-
pressed parents (Merikangas, Avenevoli, Dierker, & Grillon,
1999), pointing to specificity in the cross-generational transfer.
Although anxiety disorders are more prevalent and chronic than
depressive disorders (Kessler, Keller, & Wittchen, 2001; Kessler et
al., 2005), their effects on children received much less attention
(Stein et al., 2012). Very few studies examined the effects of
maternal anxiety during the first year of life (Beebe et al., 2011;
Feldman, Greenbaum, Mayes, & Erlich, 1997; Murray et al., 2008;
Stein et al., 2012), with most studies assessing maternal anxiety
symptoms, not clinical anxiety, and none integrating observations
of interactions with ER paradigms.

Anxious mothers are more controlling (Stein et al., 2012),
display more fearful responses (Murray et al., 2008), show less
positive emotions (Nicol-Harper, Harvey, & Stein, 2007; Stein et
al., 2012), and are more intrusive (Feldman et al., 1997; Weinberg
& Tronick, 1998; Wijnroks, 1999). Similarly, anxious mothers are
less attuned (Murray, Cooper, Creswell, Schofield, & Sack, 2007)
and are less likely to follow the infant’s lead (Stein et al., 2012) or
act sensitively (McLeod, Wood, & Weisz, 2007; Nicol-Harper et
al., 2007; Stein et al., 2012). At the same time, anxious mothers are
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not withdrawn and tend to express adequate or even higher levels
of maternal behavior compared to controls, such as “motherese”
vocalizations and positive facial expressions (Murray et al., 2008).
As to mother—infant synchrony, Biringen (1990) reported lower
dyadic harmony, but the study did not include microlevel obser-
vations. To our knowledge, only one study explored microlevel
synchrony between anxious mothers and their infants (Beebe et al.,
2011). Anxiety symptoms predicted high synchrony in the touch
modality, greater frequencies of gaze to infant, and low affect
synchrony. Beebe and colleagues (2011) suggested that anxious
mothers are “trying too hard” due to their own hyper-vigilance.
This interpretation accords with their “optimal midrange” model
(Beebe et al., 2008; Jaffe et al., 2001), which suggests that both
excessive and insufficient amount of synchrony indexes a dis-
tressed relationship. Yet, this study did not assess clinical levels of
anxiety.

We formulated four hypotheses related to maternal behavior,
mother—infant synchrony, infant ER, and maternal depression
chronicity. The issue of depression chronicity is of interest as it is
a component of the disorder that uniquely affects child outcomes
(Barker, 2013). Because the parameters of mother—infant syn-
chrony and infant ER behavior undergo significant development
during the first nine months of life (Feldman, 2007b; Kopp, 2009),
we sought to observe affective expression and self-regulatory
behavior in infants growing up in the context of maternal de-
pressed mood from birth to nine months. Our hypotheses were as
follows:

e Maternal social behavior: Depressed mothers would ex-
press less maternal behavior in the gaze and touch modal-
ities compared to healthy controls. In contrast, anxious
mothers would display similar or even higher levels of gaze
and touch.

e Mother—infant synchrony: Lower levels of gaze and touch
synchrony would be observed between depressed mothers
and their infants, whereas anxious mothers, being overly
vigilant, may increase the level of synchrony.

 Infant emotional expression and self-regulation: Infants of
depressed and anxious mothers would express more nega-
tive affect and would be less able to self-regulate in nega-
tive emotional contexts. We also expected infants to use
mothers to manage negative moments and to display less
negative affect when mother is present, compared to
stranger. Such ability to use the mother as an “external
regulator” (Hofer, 1994) of negative episodes would be
more pronounced in the healthy group.

Maternal depression chronicity and infant self-regulation:

Elevated maternal depressive symptoms from birth to 9

months would be associated with greater infant difficulty to

manage negative and positive emotions, leading to in-
creased self-regulation in positive moments and insufficient
regulation in negative moments. We further hypothesized
that mother-infant synchrony would moderate these effects.
Specifically, maternal depression chronicity would predict
more self-regulation in positive contexts and less self-
regulation in negative contexts under conditions of high
synchrony but not when synchrony is low. This prediction
was based on the assumption that by nine months, infants
who are highly attuned to their depressed mothers may

increase self-regulation to match their mother’s affective
state.

Method

Participants. The initial sample included 971 mothers who
completed measures of depressive symptoms (Beck Depression
Inventory [BDI]; Beck, Ward, Mendelson, Mock, & Erbaugh,
1961) and anxiety symptoms (State—Trait Anxiety Inventory
[STAIJ; Spielberger, Gorsuch, & Lushene, 1970) symptoms on the
second day after birth. We used an extreme case design in which
mothers at the upper and lower ends of the depressive symptom
continuum are repeatedly chosen for further participation from a
large community cohort that represents the entire distribution of
maternal depressive symptoms. This led to a final sample of 100
mother—infant dyads in the observational arm of the study, which
included both mothers with clinical diagnoses and control mothers
who reported no elevated symptoms of depression or anxiety
across the first 9 months of the infant’s life and had no lifetime
history of depression, anxiety, or other psychiatric disorder. We
chose a community cohort and an extreme case design to under-
stand how maternal depression in of itself affects infant socia-
I—emotional development, apart from the effects of typical comor-
bid conditions which are often not teased apart in research on PPD.
Thus, all mothers recruited for the study were physically healthy,
above 21 years, married or cohabiting with the infant’s father,
above the poverty line, not substance abusing, and gave birth to a
full-term (>37 weeks gestation), singleton, and healthy infant.

At the first wave of data collection (on the second day after
birth), research assistants visited the maternity wards of two ter-
tiary care hospitals in a large metropolitan area and invited women
who were physically healthy by their own account; delivered a
healthy, full-term, singleton infant (excluding genetic disorders
and infants requiring specialized medical care or NICU hospital-
ization), completed at least 12 years of education, were above the
poverty line, and were cohabiting with the infant’s father to par-
ticipate in a study on maternal postpartum mood. Women com-
pleted questionnaires related to demographic information, birth
experience and perception of infant, and the BDI and STAI ques-
tionnaires. Recruitments were conducted twice a week in each
ward and 40.1% of the women approached refused participation
(women approached: N = 1619; women who completed question-
naires: N = 971). Hospital records showed no systematic differ-
ences on demographic variables between participating and declin-
ing women or between women in the two hospitals.

At the second wave of data collection (6 months postpartum),
we mailed questionnaires of depression (BDI), anxiety (STAI),
and parenting to 360 mothers from the 971 who completed ques-
tionnaires at birth (180 at the top of the depressive symptom
continuum at birth with BDI scores between 9 and 24 and 180 at
the bottom of the depressive symptoms continuum at birth) when
infants were approximately 6 months. A BDI score of 9 and above
indexes elevated depressive symptoms and an increased risk for
MDD (Kendall, Hollon, Beck, Hammen, & Ingram, 1987). As to
the low end of the continuum, although we intended to recruit the
180 women who scored at the low end of the BDI continuum as
long as they scored below 9, BDI scores at birth of those at the low
end were between 0 and 3. From the 360 mailed questionnaires,
215 questionnaires were returned (59.7%) and no significant dif-
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ferences in BDI scores at birth between those who returned and
those who did not. Among the nonreturned questionnaires, 55 were
returned for wrong address and 90 mothers (25%) declined further
participation. Data collected at birth showed no differences in
demographic, medical, or mood variables between those who
returned questionnaires at 6 months and those who did not.

At the third wave of data collection (9 months postpartum) we
contacted 150 mothers from those who returned questionnaires at
6 months, we contacted 150 mothers (75 in the upper end of the
depressive symptom continuum at 6 months with BDI scores
between 9 and 21 and 75 in the lower end of the depressive
symptoms continuum at 6 months with BDI scores between 0 and
2) when infants were 9 months. Of the 150 mothers contacted at 9
months, 110 (73.3%) agreed to participate in a home visit, were
living at a close distance to the university, and reported that both
mother and infant were physically healthy since birth. We visited
the home of 110 families when the infant was approximately 9
months. The final sample at 9 months included 100 dyads; 10
mothers were excluded due to diagnosis of schizoaffective disor-
ders, bipolar disorder, or subclinical anxiety or depression. The
final sample consisted of 41 mothers with a clinical diagnosis
according to the SCID-I (see Procedure section): 22 diagnosed
with a major depressivedisorder (MDD) and 19 diagnosed with an
anxiety disorder (GAD, social phobia, specific phobias, or panic
disorder). Seven mothers in the MDD group and 3 in the anxiety
group were treated by medications and these did not differ on any
maternal or infant measure from members of their respective
groups. One mother (4.5%) in the MDD group also had an anxiety
disorder (GAD), and five (26.3%) mothers in the anxiety group
had a history of depression but not during pregnancy or in the 9
month since birth. Fifty-nine mothers, who were similar to the
clinical group in age, education, parenting experience (prima/
multipara), and infant birth weight and gender were included as
controls. These mothers reported low anxiety and depressive
symptoms on all three assessments (BDI scores 0-3, STAI T
scores = 16-36), had no lifetime history of depression or anxiety,
and were free of any Axis I psychopathology. Mothers in the final
sample (53 boys) were on average 30.7 years (SD = 3.4), com-
pleted 15.8 years of education (SD = 2.6), and 45% were first-time
mothers. Table 1 presents demographic information for each of the
diagnostic groups.

Procedure. During the 9-month home visit, all mothers (with
and without high depressive symptoms) were diagnosed using the

Table 1
Demographic Information for Mothers and Infants in the Three
Study Groups

MDD AD Control
) (N=22) (N=19) (N=159)
Demographic
information n % n % n % X2(2)

Infant gender (% male) 12 545 8 421 33 579 .05

First child (% first) 10 455 8 421 25 439 143
M SO M SD M SD F(2,95)
Mother’s age (yrs) 30.66 3.07 30.89 3.45 30.77 3.98 .02
Mother’s education (yrs) 15.73 2.25 15.79 3.57 1595 2.25 .07
Birth weight (kg) 3.19 55 3.02 .52 327 47 176

Gestational age (weeks) 39.77 1.57 38.95 1.68 39.68 1.62 1.72

Note. MDD = major depressive disorder; AD = anxiety disorders.

SCID-I (First, Spitzer, Gibbon, & Williams, 1995). Following,
mother—infant interaction was videotaped, infants were tested in
several emotional paradigms with mother and stranger, and moth-
ers completed self-report measures. Saliva for cortisol was also
collected from mother and infant, and these data are reported
elsewhere (Feldman et al., 2009). In two control families, infants
became fussy and the emotional paradigms could not be carried
out properly and these families were not included in the following
analyses.

Measures.

Diagnostic interview. Mothers were interviewed using the
SCID (First et al., 1995) by a clinical psychologist with reliability
with a senior clinician exceeding 85%. The SCID is a semistruc-
tured, clinician-administered diagnostic interview that includes
modules corresponding to major DSM—IV—-R (American Psychiat-
ric Association, 2000) psychiatric classes.

Beck Depression Inventory (BDI; Beck et al., 1961). The
BDI is a 21-item self-report questionnaire that assesses depressive
symptoms, rated on a scale from O to 3, with higher scores
indicating more severe depression. Scores of above 9 indicate
elevated depressive symptoms and a risk for MDD. In the present
sample, the internal consistency reliability of the BDI was accept-
able (o = .77).

STAI (Spielberger et al., 1970). The STAI is a 40-item self-
report measure that consists of two 20-item scales, the first scale
measures state anxiety, defined as a transitory emotional state or
condition, and the second measures trait anxiety. The present study
used the Trait Anxiety subscale. Scores of 43 or above are con-
sidered a risk indicator for anxiety disorders. In the present sample,
the internal consistency reliability of the STAI is good (o = .91).

Mother—infant free play. Mothers and infants were video-
taped in a 6-min episode of free play. Mothers were instructed to
play with their child as they normally do. Mothers and infants sat
on the floor facing each other in a way that both their faces could
be captured by the camera. A camera was placed on a stand at a
distance of 1.2 m and focused on the faces of mother and child,
consistent with prior work on synchrony measured in the home
ecology (Atzil, Hendler, & Feldman, 2011; Feldman & Eidelman,
2004, 2007; Gordon, Zagoory-Sharon, Leckman, & Feldman,
2010). No toys were provided, but if mothers used the infant’s own
toys they were not disrupted.

Self-regulation in emotional contexts. Infants were video-
taped in two positive and two negative emotional contexts. These
included two joy-eliciting episodes and two anger-eliciting epi-
sodes and for each emotion, one episode was conducted with the
mother and once with a stranger. Mothers were present during all
episodes and were instructed to remain neutral. If the infant be-
came too distressed, the episode was terminated and mother was
encouraged to comfort the infant.

¢ Joy with mother: Peek-a-boo. This game, adapted from
the LAB-TAB (Goldsmith & Rothbart, 1996), involves six
trials each lasting approximately 10 s. Mother sat in front of
her child who was placed in a highchair and was given a
piece of cloth to cover her smiling face. Mother said:
“Daniel, where’s Mommy?” After a brief pause, mother
took out the cloth, showed her smiling face, and said
“There’s Mommy!” this procedure was repeated six times.
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* Joy with stranger: Puppets. In this procedure, again from
the LAB-TAB, the infant sits in a highchair while the
assistant enacts a brief animated dialogue between two
colorful hand puppets. In the course of the dialogue, the
puppets first separately and then together tickle the infant.
Finally, the assistant puts the puppets in front of the infant
for 30 s.

e Anger with mother: Toy removal. We used a procedure
adapted from Stifter and Braungart (1995). Infants were
placed in a highchair and mothers were seated toward the
side of the highchair facing the infant. After mother and
infant played with an attractive toy for 90 s, mothers were
cued to remove the toy from the infant’s hands and hold the
toy out of reach but within sight for 2 min (or up to 20 s of
intense crying). Mothers were instructed to assume a neu-
tral expression and remain unengaged. Following, mother
returned the toy to the infant but remained noninteractive
for 1 min and then resumed normal play.

* Anger with stranger: Arm restraint. In this procedure,
again from the LAB-TAB, infant sits in a highchair in front
of a table and is given an attractive toy to play. After
playing for 30 s, the assistant gently removes the toy, while
a second assistant stands behind the infant and gently holds
his or her arms for two 30-s trials, separated by 30 s during
which the infant can play with the toy. Following the
procedure, the infant can play freely with the toy.

Coding.

Mother—infant synchrony. Microanalysis of mother—infant
synchrony was conducted for the free play interaction using a
computerized system (Noldus Co, Waggeniggen, The Nether-
lands) with the Synchrony Coding Scheme (Feldman, 2002). The
coding addresses microlevel behaviors of each partner in the
critical modalities of nonverbal communication in humans (Feld-
man, 2012, 2015a), and codes within each category are mutually
exclusive. Coding was conducted for mother’s behavior and in-
fant’s behavior separately and synchrony was determined by com-
puter computations after the coding was completed. Coding was
done when the tape is running at normal speed, and when a
behavior change is detected, the tape is returned and switched to
slow motion to determine the exact timing of behavior onset
(system 1is set to .01-s accuracy). Several cycles are required to
complete coding and maternal and infant behaviors are coded at
separate passes. The coding scheme has been validated in multiple
studies of healthy and high-risk dyads (Feldman & Eidelman,
2004, 2007; Feldman, Gordon, & Zagoory-Sharon, 2010; Feld-
man, Singer, et al., 2010).

The following categories and codes were used for mothers:
Mother Gaze—to infant, to object, gaze aversion. Mother Affect—
positive, neutral, negative-angry, and negative-withdrawn. Mother
Vocalization—*motherese”, adult speech, none. Mother Touch—no
touch, affectionate touch (defined as touch that serves no func-
tional purpose and intends only to express affection, such as
stroking, kissing, poking, light touch, etc.), moving extremities
(e.g., touching infant arms or legs), proprioceptive (e.g., pull to sit,
throwing infant in air), functional (e.g., wiping infant’s face),
touching infant with object (e.g., touching with soft doll). The
following codes were used for the infant: Infant Gaze—to partner,
to object, gaze aversion. Infant affect—positive, neutral, negative,

and fussy. Infant Vocalizations—none, fussy-cry, positive. Uncod-
able code was entered to all categories in cases Reliability between
two coders was computed on 20 mother—infant interactions and
the average was 91.11% (k = .88). Here, we focused on the gaze
and touch modalities and for each code we computed durations
(percentage of time mother/infant engaged in a specific behavior),
frequencies (number of times each behavior occurred during the
interaction), and latencies (time in seconds from beginning of the
interaction until the first appearance of a specific behavior).

Mother—infant synchrony. Two types of synchrony were
computed as conditional probabilities (i.e., proportion of time
mother in behavior X given infant in behavior Y).

Gaze synchrony was indicated when mother and infant coordi-
nated their social gaze (mother looks at infant given infant looks at
mother). Touch synchrony is implied when mother touches the
infant affectionately while both mother and child are looking at
each other, indicating moments when affectionate touch is inte-
grated into the synchronous dialogue. For each type of synchrony
we computed durations, frequencies, and latencies.

Infant self-regulation. Microanalysis of infant affect and be-
havior during the four episodes (puppets, arm restraint, peek-a-
boo, and toy removal) was conducted using the same computerized
system and affect and behavior were coded at different passes.
Several categories of infant affect and regulatory behavior were
coded and codes within each category were mutually exclusive,
consistent with our previous research using the same paradigms
(Feldman et al., 2011a; Feldman, 2009; Hirschler-Guttenberg et
al., 2015; Pratt et al., 2015). The following categories and codes
were used for the joy episodes (puppets, peek-a-boo game): Infant
gaze—to mother, to assistant, to target object, gaze aversion.
Affect—positive, negative, neutral. Vocalization—none, laughing,
positive vocalizations, fuss, cry. Behavior—positive motor acts
(e.g., clapping, reaching, banging hands on table), avoidant behav-
ior (e.g., twisting, turning, attempting to get out of the chair),
self-soothing behavior (e.g., thumb sucking, heavy breathing, feel-
ing strap of chair, with or without gaze aversion), none. The
following codes were used for the anger episodes (arm restraint,
toy removal): Gaze—to mother, to assistant, to target object, gaze
aversion; Affect—positive, negative, neutral; Vocalization—none,
laughing, positive vocalizations, fuss, cry. Behavior—positive mo-
tor acts (e.g., clapping, reaching), avoidant behavior (e.g., twisting,
turning, attempting to get out of the seat), discrete anger behavior
(e.g., pulling, kicking, banging table, pushing), self-soothing/self-
regulatory behavior (e.g., thumb sucking, feeling strap of chair,
putting head down), none. Reliability between two coders was
computed for 20 observations in each episode, with the following
reliability: puppets = 96.44%, arm restraint = 95.66%, peek-a-
boo = 93.54%, toy removal = 93.8% (k = .82—.95).

Three variables were used here: Negative affect—proportion of
time infant expressed negative affect and negative vocalizations
(fuss and cry); Positive affect—proportion of time infant expressed
positive affect and positive vocalizations; Self-regulatory behav-
ior—indexed by the number of times (frequencies) infant engaged
in self-soothing behavior during the episode. We previously found
that because regulatory behaviors are typically brief, the frequency
code provides a better index of self-regulation effort than the
duration code (Harel et al., 2011; Feldman, 2009).
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Results

Results are reported in three sections. In the first, we examine
group differences in maternal and infant social behavior (Hypoth-
esis 1) and synchrony (Hypothesis 2). Next, we test group differ-
ences in infant emotional expression and self-regulation in nega-
tive and positive contexts (Hypothesis 3). Finally, regression
models test the moderating role of synchrony on the relationship
between maternal depression chronicity and infant self-regulation
(Hypothesis 4). Prior to analysis of group differences, Table 1
presents demographic information for each group and chi-square/
analysis of variance (ANOVA) tests for group differences. As
seen, no differences were found between group in child gender,
gestations age, birth weight, birth order, maternal age, and mater-
nal education.

Part 1: Group differences in maternal and infant social
behavior and synchrony. To test the first hypothesis—that
mothers with MDD will display less maternal behavior and those
with AD more maternal behavior in the gaze and touch modalities
compared to controls—a series of two-way ANOVAs were con-
ducted, with maternal diagnostic group (MDD, AD, controls) and
infant gender as independent factors. Significant effects were
followed by least significant difference (LSD) post hoc tests.
Mother Gaze—No group differences emerged for durations and
latencies. Mothers in the MDD group exhibited more frequent
gazes to their infant compared to mothers with AD or controls,
with no differences between the latter two groups; F(2, 92) = 4.90,
p < .05,m? = .10. Because no group differences were found in the
overall durations of social gaze, these higher frequencies suggest
that mothers with MDD display a pattern of frequent gazes each of
shorter duration. Mother Touch—No group differences were
found.

Similar ANOV As were used to test the hypothesis that infants of
mothers with MDD would display less social behaviors compared
to controls. Infant Gaze—Results presented in Table 2 indicate that
infants of mothers with MDD showed lower social gaze durations

Table 2

and more gaze aversion compared to the other two groups, with no
differences found for frequencies or latencies.

To test the second hypothesis—that gaze and touch synchrony
would be reduced in MDD and increased in AD compared to
controls—we computed a series of two-way ANOVAs with ma-
ternal diagnostic group and infant gender as independent variables.
Gaze synchrony—Means and standard deviations of the synchrony
components (durations, frequencies, latencies) and the univariate
tests and LSD post hoc test for group differences appear in Table
2. As seen, the overall durations of social gaze coordination
between depressed mothers and their infants were significantly
lower compared with the AD and control groups, with no differ-
ences between the latter two groups. As to latencies, it took more
than double the time for a depressed mother to engage in the first
episode of gaze synchrony compared to the other groups. Although
anxious mothers displayed longer durations and shorter latencies
to gaze synchrony compared with controls, as expected, these
differences did not reach statistical significance (see Figure 1).
Touch synchrony—No group differences emerged for touch syn-
chrony durations. Anxious mothers displayed the highest frequen-
cies of touch synchrony, depressed mothers the lowest, and con-
trols scored at midlevel (see Figure 1). For latencies, significant
differences between the three groups emerged; mothers with MDD
took the longest to reach the first episode of touch synchrony,
control mothers scored between the two clinical groups, and anx-
ious mothers were the quickest to enter the first episode of touch
synchrony with their infants.

Part 2: Infants’ emotional expression and self-regulation in
negative and positive contexts. Descriptive statistics for in-
fants’ negative and positive affective expression and self-
regulatory behavior in the four emotional contexts are presented in
Table 3.

Negative emotional context. To test the third hypothesis—
that infants of depressed and anxious mothers would show less
self-regulation in negative emotional contexts and that this differ-

Infant Gaze and Mother—Infant Gaze and Touch Synchrony Parameters During Mother— Infant Interaction in the Three

Study Groups

MDD AD Control
Group M SD M SD M SD F(2,92) n?

Infant gaze

Gaze to mother® 19.72, 14.21 31.96, 13.05 27.29, 13.82 4.55" .09

Gaze aversion” 37.06, 21.45 21.85, 16.07 24.84, 22.03 3.64" .07

Gaze aversion® 12.73, 5.73 9.00,. 323 9.32,. 5.61 4.54* .09
Gaze synchrony

Duration® 19.90, 13.88 31.19,. 13.08 25.86,, 14.22 3.62" .07

Frequency® 7.86 3.55 10.21 2.59 9.07 4.95 1.47

Latency 19.08, 28.2 2.82,. 4.08 8.51,, 16.5 3.75* .08
Touch synchrony

Duration® 5.98 8.52 8.48 7.46 5.16 5.13 2.18

Frequency® 2.64, 2.38 4.89, 2.51 3.37, 23 4.64" .09

Latency 132.31, 138.14 60.20,, 82.29 68.62, 86.65 391" .08
Note. MDD = major depressive disorder; AD = anxiety disorders.

# Means with different subscript, for instance, a, b, c are statistically different at p < .05.
¢ Numbers represent number of episodes this behavior occurred during the interaction.

interaction this behavior occurred.

° Numbers represent the percentages of time out of the entire
4 Numbers represent the

length of time (in s) from beginning of interaction until the first appearance of this behavior.

*p < .05,
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anxiety, and controls. Panel B: Frequencies of mother-i
sion, clinical anxiety, and controls. * p < .05.

ence would be more pronounced when mother is present—we
conducted a mixed-model ANOVA with Person (stranger, mother)
as within-subject variable, and group (MDD, AD, control) and
gender (male/female) as between-subject factors. Results indicated
a significant effect for person, F(1, 89) = 46.17, p < .001; n2 =
0.34. Across groups, infants exhibited more self-regulatory behav-
ior in the presence of their mother (M = 147, SD = 1.44)
compared with stranger (M = 0.16, SD = 0.44). No other main or
interaction effects were found (all ps > .09).

Positive emotional context. As none of the infants displayed
self-regulatory behavior during joy with stranger, we examined
group differences using one-way ANOVA with group and gender
as between-subject variables and self-regulation during the joy
episode with mother as the dependent variable. A main effect for
group emerged, F(1, 89) = 4.19, p < .05, n*> = 0.08. Tukey post
hoc tests showed that infants of anxious mother expressed more

Table 3
Infant Self-Regulation and Negative and Positive Affect in the
Three Study Groups

MDD AD
SD M

Control

SD M SD

Group M

Infant self-regulation
Joy-stranger
Joy-mother®
Anger-stranger

.00 .00 .00
.50 .86 .68
15 49 28

.00 .00 .00
1.16 .16 49
57 A2 .38

Anger-mother 1.65 1.04 .89 1.18 1.60 1.59
Infant NA

Joy-stranger 21.08 27.52 1824 1624 1756 2223

Joy-mother 5.58 2298 427 1050 @ 2.63 7.19
Anger-stranger 18.09 14.16 30.56 2836 28.14 23.67

Anger-mother 2729 3043 21.67 1686 17.84 17.32
Infant PA

Joy-stranger 20.05 22.85 14.61 9.88 17.20 1743
Joy-mother 4480 3946 31.60 26.67 41.53 30.55

Anger-stranger 8.74 17.05 8.08 1632 696 11.02

Anger-mother 3.14 4.35 3.53 6.80 2.76 4.49

Note. Numbers represent the percentages of time out of the entire inter-
action each behavior was observed. MDD = major depressive disorder;
AD = anxiety disorders; NA = negative affect; PA = positive affect.
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self-regulatory behavior during joy with mother compared to the
other two groups.

Negative affect. To test the third hypothesis—that infants of
depressed and anxious mothers would express more negative af-
fect and that this difference would be more pronounced in the
presence of the mother—we conducted a mixed-model ANOVA
with person (stranger, mother) and emotional context (anger vs.
joy) as within-subject variables, and group (MDD, AD, control),
and gender (male/female) as the between-subject factors. The
ANOVA revealed two main effects and two interactions. First,
regardless of group, a main effect was found for emotional context,
F(1, 91) = 5297, p < .001, 1]2 = .37; as expected, infants
expressed less negative affect in the joy paradigms (M = 11.74,
SD = 1.69) compared with the anger paradigms (M = 24.15, SD =
1.89). A main effect was found for person, F(1, 91) = 31.88, p <
001, m? = .26; infants expressed more negative affect in the
presence of stranger (M = 22.56, SD = 1.94) than in the presence
of mother (M = 13.34, SD = 1.59).

The main effect of person was qualified by two significant
interactions. First, a significant Person X Emotional Context effect
emerged, F(1, 91) = 4.65, p < .05, 1> = .05. Two paired-sample
t tests explored the source of effect, comparing negative affect
between emotional contexts with mother and stranger separately.
In the presence of mother, negative affect during the joy paradigms
(M = 438, SD = 1.48) was significantly lower than in the anger
paradigm (M = 22.29, SD = 2.44), 1(97) = 8.10, p < .001, d =
0.82. Findings for stranger also showed differences between joy
(M = 19.10, SD = 2.64) versus anger (M = 26.02, SD = 2.62) but
the effect was of much smaller in magnitude, #(96) = 248, p <
.05, d = 0.25.

Importantly, the second interaction that modified the Person
effect was a Person X Group interaction, F(2,91) = 3.89, p < .05,
m? = .08. To explore this interaction, we conducted for each group
a mixed-model ANOVA with person as the within-subject vari-
able, and gender as the between-subjects variable. Results for
controls revealed a significant effect for person, F(1, 55) = 47.40,
p < .001, nz = .46; regardless of emotional context, infants
expressed less negative affect in the presence of mother (M =
10.24, SD = 1.85) compared with stranger (M = 22.89, SD =
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2.25). Children of anxious mothers similarly expressed less neg-
ative affect in the presence of mother (M = 12.85, SD = 3.27)
compared with stranger (M = 24.95, SD = 3.98), F(1, 17) =
16.50, p = .001, * = .49. However, infants of depressed mothers
showed no difference in the degree of negative affect when mother
was present (M = 16.92, SD = 2.96) than in the presence of
stranger (M = 19.84, SD = 3.60), F(1, 20) = 0.73, ns (see Figure
2). No other effects were significant (all ps > .09).

Positive affect. To test the hypothesis that infants of depressed
mothers would express less positive affect, particularly in mother’s
presence, we conducted a mixed-model ANOVA with person
(stranger, mother) and emotional context (anger vs. joy) as within-
subject variables and group (MDD, AD, controls) and gender
(male/female) as between-subject factors. The ANOVA revealed
two main effects and one interaction. First, a significant main
effect was found for emotional context, F(1, 92) = 100.37, p <
.001, m? = .52; regardless of group, infants expressed more pos-
itive affect in the joy (M = 28.28, SD = 2.35) compared with the
anger paradigms (M = 5.71, SD = 0.88). Second, a main effect
emerged for person, F(1, 92) = 16.44, p < .001, n2 = .15; all
infants expressed more positive affect in the presence of mother
(M = 21.16, SD = 1.90) compared to stranger (M = 12.83, SD =
1.51). These two main effects were qualified by a significant
Person X Emotional Context interaction, F(1, 92) = 43.89, p <
001, n? = .32. Two paired-sample ¢ tests comparing positive
affect in the different contexts with mother and stranger separately
showed that the increase in positive affect in the joy versus anger
context was greater in the presence of mother, #97) = 11.49, p <
.001, d = 1.16, compared with stranger, #97) = 5.49, p < .001,
d = 0.55, and there were no difference between groups. No other
effects were significant (all ps>.26). No infant gender effects were
found.

Part 3: Maternal depression chronicity and infant self-
regulation: The moderating role of synchrony. To test the
fourth hypothesis—that mother’s depression chronicity (mean BDI
scores across stages) would predict infant self-regulation as mod-
erated by mother-infant synchrony—we conducted two regression
models, one for gaze synchrony and one for touch synchrony. The
dependent variable was infant self-regulation in each situation
(joy, anger). Because synchrony durations and frequencies were
highly correlated (r = .43 for gaze synchrony; r = .67 for touch
synchrony) they were combined into a single score to reduce
problem of collinearity.
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Figure 2. Infant negative affect in anger-eliciting episodes vis-a-vis

mother or stranger among infants of depressed, anxious, and control
mothers. * p < .05.

Joy contexts. When predicting self-regulation in joy contexts
from depression chronicity, touch synchrony, and their interaction,
the model was significant, F(3, 94) = 9.32, p < .001, R? = 23.
Effect of maternal depression was positive and significant (B =
0.19, SE = 0.05, t+ = 4.01, p < .001), indicating that infants of
mothers with higher depressive symptoms used more self-
regulatory behavior in joy contexts. The effect of synchrony was
not significant (B = 0.07, SE = 0.05, r = 1.48, ns). Importantly,
the effect of maternal depression was moderated by a significant
interaction of depression and touch synchrony (B = 0.23, SE =
0.06, t = 4.10, p < .001). Simple slope analysis showed that when
touch synchrony was low, higher depressive symptoms did not
predict self-regulation (B = —0.04, SE = 0.06, t = —0.61, ns).
However, when touch synchrony was high, maternal depressive
symptoms predicted greater infant self-regulation in joy contexts
(B =043, SE = 0.08, t = 5.16, p < .001). These findings are
presented in Figure 3.

Anger contexts. The model predicting self-regulation in anger
contexts from depression chronicity, touch synchrony, and their
interaction was not significant, F(3, 94) = 1.35, ns, R? = .04.

Joy contexts. When predicting self-regulation in joy contexts
from depression chronicity, gaze synchrony, and their interaction,
the model was significant, F(3, 94) = 2.85, p < .05, R?> = .08. The
effect of maternal depressive symptoms was positive and significant
(B =0.14, SE = 0.05), t = 2.73, p < .01, the effect of synchrony was
not significant (B = —0.03, SE = 0.06), r = —0.54, ns, and the
interaction was similarly not significant (B = 0.03, SE = 0.06; ¢t =
0.55, ns).

Anger contexts. The model predicting self-regulation in anger
situations from depression chronicity, gaze synchrony, and their
interaction was not significant, F(3, 94) = 1.18, ns, R?> = .04).

Discussion

Results of the current study are the first to specify disruptions to
both mother—infant interactive patterns and infant regulation of
negative and positive emotions among infants of clinically de-
pressed mothers as compared to infants of anxious mothers and
healthy controls. We found subtle differences in mother-infant
gaze and touch synchrony and in the infant’s ability to employ
regulatory behavior in negative and positive contexts, use mother’s
presence for stress reduction, and engage in positive moments
without the need to self-soothe. Previous studies addressed the
disruptions to the mother-infant relationship in cases of PPD and
described their negative effects on children and our findings ex-
tend this literature in several aspects. First, this is the first study, to
our knowledge, to recruit a large community cohort of low-risk
educated mothers who are raising their infant within a partnered
relationship, and thus, our findings reflect the effects of postpar-
tum depression per se, independent of common comorbidities
typically included in research on postnatal depression, such as
single parenthood, poverty, or teenage parenting that likely inten-
sify the effects in a “cumulative risk” fashion (Sameroff, Gutman,
& Peck, 2003). Second, very few studies followed mothers since
birth, and thus our results reflect outcomes for infants who are
growing up in the context of elevated maternal depressive symp-
toms from birth to nine months, the “sensitive period” for the
development of synchrony (Feldman, 2015a) and fine-tuning the
“parental brain” (Feldman, 2015b). Third, most longitudinal stud-
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Figure 3. Predicting infant self-regulation in joy-eliciting episodes from
maternal depression chronicity and mother-infant touch synchrony.

ies on sequalae of maternal depression tested global outcomes and
few used a second-by-second observational approach. While large-
scale studies chart a global path of developmental psychopathol-
ogy, microlevel bottom-up studies highlight fine-grained behav-
ioral patterns that support the infant’s ability to enter social
relationships and manage emotions online. Such patterns play a
critical role in wiring the social brain (Sokolowski & Corbin,
2012), are disrupted in conditions involving social dysfunction,
and may provide the first markers for later psychopathology in
children of depressed mothers. Furthermore, few studies focused
on mothers with clinical anxiety, particularly in relation to both
healthy and depressed mothers, and our findings are the first to
describe microlevel social patterns and ER behavior in this group.
Finally, our study included, for the first time, infants’ emotional
expression and regulatory behavior in both negative and positive
contexts, each tested with mother and stranger, to address how
maternal affective disorder uniquely disrupts infants’ ability to
utilize the attachment context for regulating emotions. As such,
our findings may help specify how PPD affects infants’ emotional
development and have clear implications for intervention.

Social behavior and synchrony. Maternal and infant social
behavior in the gaze and touch modalities and their temporal
coordination within the dyad showed subtle disruptions, particu-
larly in the depressed group. Depressed mothers displayed more
frequent gaze at the infant and, while we did not measure the
length of each look, the fact that similar overall durations were
divided into more discrete gazes suggests that depressed mothers
engaged in frequent short looks that do not give infants sufficient
time to synchronize. This is consistent with our findings that
depressed mothers break mutual gaze within a lag of 1 to 2 s
(Feldman, 2007b), and with the current results that durations of
gaze synchrony were lower in this group. Consequently, infants of
depressed mothers tended to look less at their mothers and dis-
played more gaze aversion, indicating social withdrawal. Because
infant social withdrawal is a risk marker for later internalizing and
externalizing problems (Guedeney et al., 2014), this maternal style
should raise concern and become a focus for dyadic interventions.
Reduction of social gaze during the critical period for social
growth may chart one pathway for the interpersonal difficulties
observed in children of depressed mothers (Hammen, Shih, Alt-

man, & Brennan, 2003) and may be one mechanism by which
depression is transmitted to offspring.

The coordination of social gaze—gaze synchrony—provides
the basis not only for later adjustment (Beebe et al., 2008; Feldman
& Eidelman, 2004, 2007; Trevarthen, 1993; Tronick, 2007) but
also plays a key role in everyday social communication between
humans and conspecifics. In comparison, touch synchrony—the
coordination of affectionate touch with moments of mutual
gaze—is preserved for intimate relationships, activates the infant’s
oxytocin system, and underpins the capacity to form close rela-
tionships throughout life (Feldman, 2012). Importantly, no group
differences were found in the amount of touch, only in its coor-
dination with moments of mutual gazing. Minimal experiences of
gaze and touch synchrony in infancy may impair both the infant’s
global social skills and the capacity for intimacy, but this hypoth-
esis requires much further research in longitudinal studies. Recent
conceptualizations of synchrony highlight it as a form of interper-
sonal coordination that is optimal at midrange levels, with too
much or too little synchrony reflecting relationship difficulties.
Lower levels of synchrony may index interpersonal withdrawal,
whereas higher levels mark hypervigilance and intrusiveness
(Beebe et al., 2011). Our findings are consistent with such models
and show that maternal depression was associated with lower gaze
and touch synchrony, indicating maternal withdrawal (Murray et
al., 2011), whereas anxiety correlated with higher frequencies of
synchrony, consistent with research linking maternal anxiety with
intrusiveness (Feldman et al., 1997; Wood, McLeod, Sigman,
Hwang, & Chu, 2003). In both the gaze and touch modalities
synchrony was higher in mothers with anxiety and lower in moth-
ers with depression, with controls scoring at midpoint between the
two clinical groups. Although this pattern of results was consistent,
it did not always reach statistical significance and showed the
strongest effect in the latency component (time in seconds from
beginning of the interaction to the first episode of synchrony). It
took depressed mothers twice as long to reach the first episode of
gaze synchrony. Similar findings emerged for touch synchrony:
Anxious mothers were the fastest, depressed mothers slowest, and
controls were in the middle to reach the first episode of touch
synchrony. Thus, across both social behavior and synchrony and in
the various components of synchrony (durations, frequencies, la-
tencies), infants of depressed mothers seem to experience less
coordination, which may lead to greater avoidance within close
relationships. Such avoidance may impede the formation of close
relationships throughout life, with friends, partners, and eventually
with own children, further augmenting the risk for depression
(Katz, Conway, Hammen, Brennan, & Najman, 2011) and possibly
charting a cross-generational cycle of interpersonal avoidance.

As to the contribution of increased synchrony to the cross-
generation transmission of anxiety, it is possible that children of
anxious mothers learn to be more vigilant and apprehensive in the
context of intimate relationships. Such hypervigilance may lead to
interpersonal avoidance due to overload or insecurity (Rinck et al.,
2010). Tronick and Cohn (1989) found that mothers and infants
spend most of their time in miscoordinated states, a pattern likely
supporting the infant’s autonomy and sense of freedom during the
tightly matched mother—infant social interaction, and the in-
creased coordination of anxious mothers may impinge on this
emerging autonomy. Of note, our results differ from the only other
study assessing synchrony in relation to maternal anxiety.
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Whereas, Beebe et al. (2011) found that anxious mothers show
greater synchrony in some modalities (e.g., gaze) and less syn-
chrony in others (e.g., affect), findings in our study were more
consistent. One possible explanation is that we included mothers
with clinical anxiety disorders, whereas Beebe et al. (2011) exam-
ined mothers with anxiety symptoms and another possibility is that
we focused only on gaze and touch. Much further research is
needed to shed light on the effects of maternal anxiety on pro-
cesses of mother—infant synchrony and their impact on the in-
fant’s emotional development.

Emotional expression and self-regulation. Problems in self-
regulation are found in both depression and anxiety (Aldao, Nolen-
Hoeksema, & Schweizer, 2010), suggesting that precursors of
regulatory difficulties may be observed in offspring of depressed
and anxious mothers already in the first year of life, particularly in
the second half-year when infants make great strides in expressing
emotions and acquiring a regulatory repertoire (Kopp, 2009).
Overall, we found that in anger-eliciting situations, all infants
displayed more self-regulation in the presence of their mother
compared to stranger. Infants of control and anxious mothers
expressed less negative affect in the anger-with-mother situation.
This is consistent with research in humans and animals highlight-
ing the buffering effect of maternal presence on the infant’s
lifetime ability to modulate stress (Feldman et al., 2010; Hofer,
1994).

Interestingly, children of depressed mothers showed comparable
attempts to self-regulate in anger-eliciting contexts; yet, compared
with the other two groups these attempts were ineffective in
reducing negative affect when the mother was present. Thus,
whereas maternal presence buffered infants’ negative affect in the
control and anxiety groups, the presence of a depressed mother did
not have the typical “external regulatory” (Hofer, 1994) effect,
which is found in all mammals. These findings are in line with
previous research indicating that infants of depressed mothers are
less able to reduce the frequency and intensity of negative affect in
contexts that elicit negative arousal (Burkhouse, Siegle, & Gibb,
2014; Cohn & Campbell, 1992; Forbes et al., 2004).

As to the effect of maternal depression chronicity on infant
self-regulation, we found that infants of mothers with high depres-
sive symptoms across the first year increased their self-regulatory
behavior during the joy-eliciting episodes. This effect was specific
to the positive contexts and was not observed in the anger-eliciting
episodes, suggesting that these infants tend to increase regulation
only during positive moments. Furthermore, an interaction effect
of depression chronicity and synchrony indicated that the associ-
ations between maternal depression and increased regulation of
positive moments emerged when mother-infant touch (but not
gaze) synchrony was high but not when it was low. These findings
are in line with previous research which suggests that in cases of
maternal psychopathology increased synchrony may not be opti-
mal, as the experience may lead to increased infant attunement to
the mother’s negative mood (Beebe et al., 2011). It is possible that
infants who are more synchronized with their mothers are more
attuned to the mother’s difficulty to tolerate positive affect and
exert more self-regulation during positive moments. Such tenden-
cies can lead to the child’s greater susceptibility to anhedonia,
depression, and social difficulties later in life (Kam et al., 2011;

Maughan et al., 2007), but this hypothesis requires much further
research.

Uniqueness of the attachment context and maternal affective
disorder. The availability of negative and positive emotional
paradigms each tested with mother and stranger provided a rare
opportunity to examine what is unique about the attachment con-
text for infant emotionality. Overall, it appears that maternal
presence supports infant emotionality in three main ways. First,
mothers adjust the emotional dial toward better adaptation and
social involvement. In negative contexts, mothers provide a regu-
latory buffer and infants express less negative affect with mother;
in positive contexts mothers enhance the positive mood and infants
express more positive affect in mother’s presence. Second, infants
use putative regulatory behavior more readily with mother. In
negative contexts, infants self-regulate more with mother, whereas
in positive contexts infant do not self-regulate at all in the presence
of a stranger, only with mother. The reasons for this require much
further research but it is possible that infants acquire these simple
regulatory strategies within the attachment context and some sub-
tle signals, such as maternal smell, movements, or facial expres-
sions, trigger the activation of these regulatory behaviors. Finally,
mother’s presence supports the differentiation of emotions. Dif-
ferences between the expression of negative affect in anger versus
joy contexts were greater with mother than with a stranger. Pos-
sibly, the moment-by-moment shifts between coordination and
miscoordination, the synchrony experienced with mother but not
with a stranger, sensitize infants to the differences between online
episodes of different valance and enable an external regulatory
framework where such differences can be safely expressed.

Two main disruptions to this “uniquely mother” effect were
found among infants growing in the context of maternal affective
disorder. First, presence of a depressed mother failed to buffer
infant negative affect in anger situations, although attempts to
self-regulate were comparable. Possibly, the minimal synchrony
with a depressed mother does not enable infants to establish the
maternal presence as a regulatory framework that can filter nega-
tive emotions. Second, infants of anxious mothers increased their
self-regulatory effort during joy with mother. This may result from
the mother’s overstimulatory style and inability to leave sufficient
room for miscoordination. Infants of anxious mothers may learn to
defend against the overload by self-soothing when mother “tries
too hard” to build positive affect. Both types of disruption may
have long-term consequences for the infant’s ability to manage
emotions within close relationships.

Clinical implications. Our findings indicate that disruptions to
mother-infant synchrony in cases of maternal affective disorder
have important implications for infant emotional outcomes and
highlight the need for early dyadic interventions. In our clinical
work, we find that depressed mothers are unaware of their ten-
dency to terminate moments of mutual gaze and minimize physical
intimacy. Using video feedback and a novel 8-week synchrony-
focused therapy, we help mothers practice synchrony and detect
moments when they do not reciprocate the infant’s social bids or
prematurely terminate mutual gaze. Depressed mothers’ difficul-
ties with touch and physical contact often stem from early trauma
or intimacy issues and these are explored. We found that depressed
mothers can learn to synchronize quickly and markedly improve
their behavior in a short period of interaction-focused therapy
(Feldman, 2016). We also help mothers understand the importance
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of the attachment context for the development of infant ER and
explore ways by which they can assist the infant during highly
arousing moments. With anxious mother therapy takes a different
focus. Anxious mothers must learn that infants need space and
interactions need not be “perfect.” We find that when anxious
mothers learn that social interactions contain more “miscoordina-
tion” than “coordination” and moments of mismatch are critical for
the infant’s sense of autonomy, interactions become free, fluid, and
synchronous.

Study limitations. Several study limitations should be re-
membered in the interpretation of the findings. First, all infants
in our study were raised within a two-parent family. Since the
impact of maternal depression is stronger in single-parent fam-
ilies (Goodman et al., 2011), it is likely that the effects found
here would be different in a more heterogeneous sample. Ad-
ditionally, we did not include fathers to assess the moderating
effects of fathering on infant emotional development and this is
an important study limitation that should be addressed in future
research, particularly as fathering offers another attachment
relationship that may mitigate to some extent the maternal
effects. We also did not examine mothers during pregnancy and
although mothers reported on their anxiety and depression
during pregnancy this report was only retrospective. Clinical
diagnosis with the SCID-I took place at 9 months and future
research should include psychiatric diagnosis at earlier time
points in the infant’s life. Similarly, we did not assess important
factors that may moderate the effects of maternal depression
and anxiety on infants’ social outcomes, including maternal
prenatal state (Davis et al., 2007) or genetic influences (Gotlib
et al., 2014). Another set of limitations relates to the emotion-
eliciting paradigms. We tested infant affect and regulation in
situations that elicit anger and joy and much further research is
needed to examine other relevant emotions, such as sadness or
fear. Second, although we tried to match the paradigms for
mother and stranger, they are not identical and it is possible that
differences in some component of the procedure contributed to
the findings. Finally, our sample collection process focused on
detecting mothers with high and low depressive symptoms at
each time-point and the same was not done for anxiety. Unlike
previous studies on maternal depression (Goodman et al., 2011)
and anxiety (Murray et al., 2008), we did not find significant
gender effects and it is possible that gender effects emerge later
in childhood, highlighting the need for longer follow-up. Fi-
nally, we assessed the effects of depression and anxiety sepa-
rately. Yet, comorbidity of these disorders is high (Lamers et
al., 2011) and future studies are needed to address the separate
and combine effects of anxiety and depression.

Overall, our findings underscore the utility of a microlevel
approach for understanding early relationships and pinpointing
their contribution to emotional development. It appears that pa-
rameters of the “interpersonal dance” are both important and
sensitive. Subtle differences in gaze and touch engagement and
disengagement in infancy may translate into significant and im-
pactful differences later in life that may shape the individual’s
capacity to develop interpersonal intimacy, manage emotions, tol-
erate stress, experience empathy, and maintain an engaged ap-
proach to social life.
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