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ABSTRACT

Parental availability influences fear expression and learning across species, but the effect of
maternal buffering on fear learning in humans is unknown. Here we investigated the effect of
maternal availability during fear conditioning in a group of children (ages 8-10) and adolescents
(ages 11-13) from a low-income population with a range of trauma exposure. Acoustic startle
response data were collected to measure fear-potentiated startle (FPS) in 104 participants. A total
of 62 participants were tested with the mother available and 42 when the mother was not in the
testing room. We observed that maternal availability during fear conditioning interacted with age
to affect FPS discrimination between CS+ and CS-. In line with previous findings suggesting an
absence of maternal buffering in adolescents, fear discrimination was affected by maternal
availability only in children. Second, we observed that the effect of maternal buffering on FPS
discrimination in children was not influenced by maternally reported warmth. In conclusion, we
demonstrated that maternal availability improved discrimination in children, regardless of the
quality of the relationship. Adolescents discriminated irrespective of maternal status, suggesting
that childhood may be a sensitive period for environmental influences on key processes such as
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learning of danger and safety signals.

Introduction

In most altricial species, the availability of a parent
during early development is crucial for survival. In addi-
tion to providing for the basic needs of the developing
infant, the availability of the parent or caregiver can
have profound effects on neural and behavioral devel-
opment (Callaghan & Tottenham, 2016). For instance, it
is well recognized that the availability of the mother
can significantly decrease or even eliminate fear in the
offspring when exposed to stress. This phenomenon,
known as maternal buffering, has been shown across
species (Kikusui, Winslow, & Mori, 2006). When using
maternal separation as a stressor, nonhuman primate
studies showed increased behavioral stress responses
and cortisol release in the infants. However, lower cor-
tisol levels were observed upon reunion with the
mother or when infants had access to auditory or visual
stimuli associated with the mother (Bayart, Hayashi,
Faull, Barchas, & Levine, 1990; Coe, Mendoza,
Smotherman, & Levine, 1978; Levine, Johnson, &

Gonzalez, 1985). It is suggested that maternal buffering
promotes attachment behavior by reducing fear
(Moriceau & Sullivan, 2006) and is therefore thought
to be particularly relevant in the context of fear learn-
ing. To date, only nonhuman research on maternal
buffering of fear learning has been conducted, and
further investigation in humans is warranted.

Fear learning promotes the ability to distinguish
safety and danger, which is vital for survival (Maren,
2001). Usually, pairing a shock with a neutral odor
results in future avoidance of this odor, which was
indeed observed in older rat pups (>postnatal day
(PN) 10), but not in the young pups (<PN10) (Sullivan,
Landers, Yeaman, & Wilson, 2000). Interestingly, mater-
nal presence in the older pups also resulted in an
absence of fear learning, though they learned to avoid
the odor when the mother was not present (Barr et al.,
2009; Moriceau & Sullivan, 2006). This mechanism is
thought to prevent infants from learning to fear the
mother, even when she may be associated with painful
stimulation such as stepping on the neonates, which

CONTACT Tanja Jovanovic @ tjovano@emory.edu @ Department of Psychiatry & Behavioral Sciences, Emory University School of Medicine, 49 Jesse Hill

Jr Dr, Atlanta, GA 30303, USA

Research was conducted at Department of Psychiatry and Behavioral Sciences, Emory University School of Medicine

© 2016 Informa UK Limited, trading as Taylor & Francis Group


http://www.tandfonline.com

Downloaded by [Emory University] at 10:37 11 April 2016

2 (&) S.J.H.VAN ROOU ET AL.

promotes survival in care-dependent infants (Sullivan
et al.,, 2000). For fear learning to occur, glucocorticoid
secretion and subsequent activation of the amygdala
are required (Barr et al., 2009; Moriceau & Sullivan,
2006). Indeed, the shift observed around PN10 is asso-
ciated with the functional emergence of the amygdala,
allowing older pups to learn fear in the absence of the
mother (Moriceau, Roth, & Sullivan, 2010). Furthermore,
the coupling between the amygdala and the prefrontal
cortex (PFC) is crucial for fear learning, as PFC activation
is thought to inhibit the amygdala, thereby decreasing
the fear response (Phelps, Delgado, Nearing, & LeDoux,
2004; Stevens et al., 2013). Although maternal buffering
on fear learning has not been examined in humans, a
recent fMRI study on fear responses to pictures of
mother versus stranger revealed that children showed
less right amygdala activation and a negative PFC-
amygdala connectivity when viewing pictures of their
mother compared to viewing pictures of a stranger
(Gee et al., 2014). Furthermore, maternal presence was
related to better behavioral regulation in an emotional
context (Gee et al,, 2014). Maternal presence is thought
to provide an important context for fear learning
(Sullivan & Perry, 2015); however, it is not known how
maternal presence affects fear conditioning and learn-
ing of safety cues in humans.

There is emerging evidence that when offspring
become more independent from their caregiver, the
effect of maternal buffering diminishes. In a recent
study, maternal support eliminated the cortisol stress
response to a social stressor in children (ages 9-10),
but not in adolescents (ages 15-16) (Hostinar,
Johnson, & Gunnar, 2015). Previous work has shown
that maternal buffering of infant cortisol reactivity to
stress was moderated by secure attachment
(Nachmias, Gunnar, Mangelsdorf, Parritz, & Buss,
1996). In rats, maternal effects on cortical activity of
the infant reduced with age (Sarro, Wilson, & Sullivan,
2014). In the human fMRI study discussed above, the
effect of maternal buffering on amygdala activation
and amygdala-PFC coupling was only observed in
children (<10 years old), whereas in the adolescents
(>10 years old), no difference in amygdala reactivity
and functional coupling was observed in response to
maternal compared to stranger faces (Gee et al,
2014). An increasing body of evidence suggests that
brain circuits important for fear learning show a devel-
opmental shift from childhood to adolescence (Glenn
et al., 2012; Jovanovic et al.,, 2014), as we see func-
tional and structural changes in the PFC (Gogtay et al.,
2004; Spear, 2000), as well as a shift in amygdala-PFC
functional connectivity (Gabard-Durnam et al., 2014)
in the transition from childhood to adolescence.

Although most research on maternal buffering has
focused on early developmental stages (Hostinar,
Sullivan, & Gunnar, 2014), these findings show the
relevance of investigating the differential effects of
maternal buffering in childhood and adolescence.

The quality of maternal care is thought to influence
the efficacy of maternal buffering (Gunnar, Hostinar,
Sanchez, Tottenham, & Sullivan, 2015). A more suppor-
tive mother—child relationship was associated with
more maternal influence on the amygdala—PFC cou-
pling (Gee et al, 2014), suggesting more efficient
maternal buffering. While early studies focused on
attachment security between mother in child, which
was associated with maternal responsiveness to child’s
distress (Nachmias et al., 1996), maternal warmth
toward her child may also impact the quality of the
mother—child relationship. Maternal warmth, which
includes showing affection, positive regard and atten-
tiveness to your child, was positively associated with
the child’'s well-being, for example, decreased anxious
behavior (McCabe, Clark, & Barnett, 1999) and better
self-requlation (Eiden, Colder, Edwards, & Leonard,
2009). Moreover, higher maternal warmth is thought
to protect against negative factors, such as maternal
depression (Brennan, Le Brocque, & Hammen, 2003),
maternal intrusiveness (Ispa et al., 2004), but also
long-term biological effects of poverty (Chen, Miller,
Kobor, & Cole, 2011), and low birth weight (Tully,
Arseneault, Caspi, Moffitt, & Morgan, 2004). It is likely
that the effect of maternal buffering on fear learning
depends on the quality of the mother—child relation-
ship, which may include maternal warmth in addition to
secure attachment. On the other hand, the theory of
“any kind of mother in a storm” suggests that an infant
forms a bond with the caregiver regardless of the qual-
ity of care received in order to survive in a harsh envir-
onment (Sapolsky, 2009). Therefore, maternal warmth
may be an important moderator of the effect of mater-
nal buffering, but its role in resource-poor caregiving
environments remains unclear.

In this study, we investigated the effect of maternal
availability on fear conditioning in a group of children
(ages 8-10) and adolescents (ages 11-13) from a low-
income population with a range of trauma exposure.
Specifically, we investigated discrimination between
danger and safety by comparing fear-potentiated star-
tle (FPS) to the CS+ and the CS-, where better discri-
mination is reflected by a larger difference between the
FPS to the CS+ and the CS-. We hypothesized that
maternal availability during fear learning would interact
with age to affect FPS; specifically, children would ben-
efit more from maternal availability, while adolescents
would not.
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Methods
Participants

Study participants were 104 children and adolescents
between 8 and 13 years of age (mean = 9.9,
SD = 1.6 years) and their mothers recruited from the
waiting rooms of primary care clinics in an urban hos-
pital in Atlanta, GA. The participants were recruited as
part of an ongoing longitudinal study of trauma expo-
sure in children. A subset of data from this study has
been published previously (Jovanovic et al, 2014;
Gamwell et al., 2015); however, the current study only
included individuals that had (1) complete startle data,
(2) available information about maternal presence dur-
ing the startle testing, and (3) data on maternal warmth.
In order to be eligible for the study, child participants
had to be between 8 and 13 years of age and willing to
participate; exclusion criteria were a diagnosis of autism
spectrum disorders, bipolar or psychotic disorders, or
cognitive disability. Mothers were excluded if they had
current psychosis or a positive urine test for substances
of abuse. Prior to their participation, all mothers signed
informed consent as well as parental permission for
their children, and the children provided study assent
approved by the Emory University Institutional Review
Board and the Grady Hospital Research Oversight
Committee.

Maternal availability

The larger longitudinal study of mother-child dyads
involved startle testing of mothers and their children;
however, the mothers were not always tested at the
same time as their children. For logistical reasons,
mothers were frequently tested either at an earlier or
later date, depending on the availability of her child
and scheduling constraints. There were no other rea-
sons why the mother was absent or present, so the
distinction was based only on logistical reasons. On
the occasions when the mother was tested at the
same time as her child, both were prepped for elec-
trode placement and tested in adjacent sound-attenu-
ated booths used for startle experiments. The child
could see the mother prepped for startle testing and
going into the booth next to its own. Both sound-
attenuated booths were located in the same larger
room. Figure 1 shows the two booths which are placed
side-by-side; once in the booth, the child did not have
visual access to the mother, but was told that she was
available throughout the startle test.

On the occasions when the mother was not tested
on the same day, she was being interviewed in a
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Figure 1. Picture showing the startle testing booths. As shown
in the picture, the child and adult booths are side-by-side.
When the mother and child were tested at the same time,
they were together during the electrode preparation; however,
once they entered the booth, the child was out of visual and
auditory contact with the mother. The child was told the
mother was available.

different room down the hall from her child. The
child could see her exit the testing room and go
down the hall. Mother and child were reunited after
startle testing which lasted approximately 60 min. Of
the 104 children, 42 were tested when the mother was
absent from the testing room, and 62 were tested with
the mother available. Table 1 shows demographic and
assessment differences between the two groups of
children.

Clinical assessments

Trauma exposure in children was assessed using the
Violence Exposure Scale for Children-Revised (VEX-R; Fox
& Leavitt, 1995). The VEX-R is a 22-item cartoon-based self-
report interview of children’s lifetime exposure to violence.

To characterize the sample in terms of psychological
symptoms and potential diagnoses, the Behavior
Assessment System for Children—Second Edition
(BASC-2; Reynolds & Kamphaus, 2004) was administered
to children. The BASC-2 yields several clinical and
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Table 1. Distribution of sex, trauma exposure, and clinical variables across the Maternal Status and Age Groups.

Maternal status

Unavailable Available
Age group Age group
8-10 years 11-13 years 8-10 years 11-13 years EFFECT
n=14 n=28 n=36 n=26 AGE STATUS INTRX
Sex (% Female) 64.3% 50.0% 52.8% 53.8% p = .67 p = .88
Child Trauma Exposure, VEX-R (M, SE) 14.4, 2.4 20.7, 1.7 11.9, 1.5 188, 1.7 p < .01 p=.24 p = .88
Child Anxiety, BASC (M, SE) 496, 2.8 49.9, 2.0 509, 1.8 50.5, 2.1 p=.99 p = .66 p=.86
Maternal Warmth, PQ (M, SE) 92.2,24 91.0, 1.7 92.1, 1.5 913, 1.7 p=.57 p=.96 p =91

Main effects of maternal availability and age, and interaction effects are listed. The only effect was increased trauma exposure in adolescents compared to

children.

VEX-R = Violence Exposure, Revised (child report); BASC = Behavioral Assessment Scale for Children (child report); PQ = Parenting Questionnaire (maternal report).

adaptive continuous subscale scores normalized by
child age and gender in a nonclinical normative sample,
as well as categorical cutoffs for clinically significant
scores. For the present study, we included the Anxiety,
Depression, Attention Problems, and Hyperactivity sub-
scales, as well as the Inattention/Hyperactivity compo-
site scale because these areas are common trauma-
related sequelae in children (Barber, Kohl, Kassam-
Adams, & Gold, 2014; D’Andrea, Ford, Stolbach,
Spinazzola, & van der Kolk, 2012). Test-retest reliability,
internal consistency, and convergent validity of the
scales are very high (Reynolds & Kamphaus, 2004).

Parental warmth in the mothers was assessed
using the Parenting Questionnaire (PQ; McCabe
et al, 1999). The PQ is a 50-item parent self-report
of parenting practices, including warmth. The mea-
sure was derived from the Parenting Dimensions
Inventory and the Family Environment Scale. The 22-
item warmth subscale has demonstrated good inter-
nal consistency (.90) in a sample of African-American
participants (McCabe et al.,, 1999), as well as within
the current study sample (.83).

Startle testing

The acoustic startle response data were collected
using Biopac MP150 for Windows (Biopac Systems,
Inc., Aero Camino, CA). Electromyographic (EMG) data
were sampled at 1000 Hz and amplified using the EMG
module of the Biopac system. The acquired data were
filtered, rectified, and smoothed in MindWare software
(MindWare Technologies, Inc) and exported for statis-
tical analyses. EMG activity was recorded from two
5 mm Ag/AgCl electrodes placed over the orbicularis
oculi muscle, approximately 1 cm under the pupil and
1 cm below the lateral canthus. A ground electrode
was placed behind the ear. The impedances for all
participants were less than 6 kilo-ohms. The EMG sig-
nal was filtered with low- and high-frequency cutoffs

at 28 and 500 Hz, respectively. Startle magnitude was
assessed as the peak amplitude of the
EMG contraction 20-200 ms following the acoustic
stimulus.

Participants were seated in a sound attenuated
booth and asked to remain still and look at a com-
puter monitor approximately 1 m in front of them.
The startle probe (noise burst) was a 106-dB [A] SPL,
40-ms burst of broadband noise delivered binaurally
through headphones. The unconditioned stimulus
(US) was an aversive airblast directed to the larynx
at an intensity of 50 p.s.i. and 100 ms in duration.
This US has been used successfully in our lab to elicit
fear-conditioned responses in pediatric populations
(Jovanovic et al, 2014). The conditioned stimuli
(CSs) were colored shapes presented on a computer
monitor using Superlab 4.5 presentation software
(Cedrus, Inc.) for 6 s prior to the delivery of the startle
probe, and co-terminated with the US 500 ms after
the presentation of the startle stimulus. The CS+ was
paired with the airblast 100% of the time, and the
CS- was never paired with the airblast. The session
consisted of three blocks, each with three CS+ trials,
three CS- trials, and three noise alone (NA, no CS
presented during startle probe) trials, for a total of
27 startle trials. In all phases of the experiment, inter-
trial intervals will be randomized between 9 and 22 s.
A response keypad (Cedrus, Inc.) was incorporated in
the experiment: at the beginning and end of each
block questions appeared on the screen asking if a
shape was followed by an airblast (e.g., “Was the
purple triangle followed by an airblast?”). The child
was asked to respond to the question be pressing
“Yes”, “No”, of “I don't know”. The same question was
asked for each CS. Of the 104 participants, 84 had
responses on the keypad; the nonresponders did not
differ across age (p = .76) or maternal presence
(p = .12) groups. The CS contingencies were counter-
balanced across participants.
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Data analyses

FPS was indexed by calculating percent potentiation for
each CS type, in order to account for individual differ-
ences in startle magnitude as well as startle habituation.
This value was derived as follows: Percent Startle
Potentiation = 100 X (startle magnitude during CS trials
— NA startle)/(NA startle). The first hypothesis was tested
using a repeated measures analysis of variance
(ANOVA) with the within-subject factors of Trial Type
(CS+, CS-) and Age Group (2 levels: children, ages
8-10 years, adolescents, ages 11-13 vyears) and
Maternal Status (2 levels: available, unavailable) as
between subjects factors. In addition, we calculated a
FPS discrimination score by subtracting the percent
potentiation to the CS- from the percent potentiation
to the CS+. Age Group and Maternal Status were ana-
lyzed for the effect on the discrimination score using a
univariate ANOVA. Maternal warmth was categorized as
high or low using a median split and was used in the
secondary analyses of Maternal Status. The second
hypothesis was tested using a univariate ANOVA with
between groups factors of Maternal Status and
Maternal Warmth, and FPS discrimination score as the
dependent variable. Degree of child-reported trauma
exposure on the VEXR and child sex were used as
covariates in the analyses. All analyses were performed
using SPSS 20.0 for Windows, and alpha was set to 0.05.

Results

The demographic and assessment data for the children in
the Maternal Status (available, unavailable) groups are

60 -

40 -

FEAR-POTENTIATED STARTLE
(% POTENTIATION)

UNAVAILABLE
CHILDREN (8-10)
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listed in Table 1. The two groups did not differ in age,
sex distribution, child anxiety, depression, attention pro-
blems, hyperactivity, combined inattention/hyperactivity,
or maternal warmth. Sixteen children crossed the thresh-
old for clinically significant symptoms on one or more
subscales of the BASC-2 (4 for Anxiety, 3 for Depression,
6 for Attention Problems, 6 for Hyperactivity, and 2 for
combined Inattention/Hyperactivity), but the distribution
of clinically significant scores did not differ by group.
However, the children that were tested when the mother
was absent reported higher rates of exposure to violence.
In the secondary analyses, we included this measure as a
covariate. We also included sex as a covariate given that
we previously found significant sex differences in FPS
(Gamwell et al.,, 2015).

Conditioning was successful in all participants, since
startle to the CS+ trials was significantly potentiated com-
pared to startle to the noise alone (no CS) trials, F(1,
100) = 7.70, p = .007. In addition, keypad responses on
the US contingency awareness measure (i.e., “was this
shape followed by an airblast?”) were significantly higher
for the CS+ than CS-, F(1, 80) = 44.92, p < .0001. Both age
groups showed significant discrimination between CS+
and CS- on this measure (children p = .02, adolescents,
p < .001); however, adolescents showed more robust
contingency awareness compared to children (Age
Group main effect p = .02). Maternal Status, on the other
hand, did not affect keypad responses.

A repeated measures ANOVA of Trial Type (CS+ vs.
CS-) on startle potentiation revealed significantly
higher FPS to the CS+ compared to the CS-, F(1,
100) = 11.84, p = .001, as well as an interaction effect
of Age Group and Maternal Status, F(1, 100) = 4.87,

H CS+
| CS-

iﬁt[t

MOTHER MOTHER AVAILABLE MOTHER

MOTHER AVAILABLE
UNAVAILABLE

ADOLESCENTS (11-13)

Figure 2. Mean and SE fear-potentiated startle (% potentiation from noise alone) to the reinforced conditioned stimulus (CS+) and
nonreinforced conditioned stimulus (CS-) across Age and Maternal Status groups.
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p = .03, see Figure 2. This interaction effect remained
significant after covarying for child trauma exposure
and sex, p < .03. When we examined the effect of Trial
Type within each Age and Maternal Status group sepa-
rately, the 8-10 year olds whose mothers were unavail-
able did not show decreased FPS to the CS- compared
to the CS+ (p = .60), whereas the same age children did
show significant discrimination if their mothers were
available, F(1, 35) = 5.61, p = .02. The adolescents
showed higher FPS to the CS+ versus CS- in both
conditions (mother unavailable, p = .003; mother avail-
able, p = .02). We further compared the FPS discrimina-
tion score between children whose mothers were
present versus absent in each Age Group separately
after controlling for child trauma exposure and sex.
Again, Maternal Status did not have an impact on fear
discrimination in adolescents; however in the younger
children, FPS discrimination was greater if the mother
was available than when she was not, F(1, 48) = 3.97,
p = .05, Figure 3.

Next we examined the effect of maternally reported
warmth (PQ) on the effect of her presence in the 8- to
10-year-old children. We analyzed the FPS discrimina-
tion score with Maternal Status (available, unavailable)
and Maternal Warmth as between groups factors, con-
trolling for trauma exposure and sex. While we again
found that Maternal Status significantly increased dis-
crimination, F(1, 48) = 4.17, p < .05, there were no main
or interaction effects with Maternal Warmth, Figure 4. In
addition, we performed a hierarchical linear regression
of FPS discrimination in the 8- to 10-year-old children
with child sex and trauma exposure entered in step 1,
Maternal Status entered in step 2, and a continuous

measure of Maternal Warmth entered in step 3. Again
we found that maternal availability predicted greater
FPS discrimination, Fchange (1, 45) = 3.97, p = .05.
Maternal warmth had a tendency to increase discrimi-
nation, Fchange (1, 46) = 3.54, p = .067, but did not
moderate the association between maternal availability
and discrimination.

Discussion

Here we investigated the effect of maternal availability
on fear conditioning in a group of children (ages 8-10)
and adolescents (ages 11-13) from a low-income popu-
lation with a range of trauma exposure. More specifi-
cally, we assessed discrimination between danger and
safety by comparing FPS to the CS+ and the CS-. We
observed that maternal availability in the adjacent star-
tle both (see Figure 1) during fear conditioning inter-
acted with age to affect FPS discrimination. In line with
our hypothesis, children did benefit from maternal
availability and showed reduced FPS to the CS- com-
pared to the CS+, whereas children did not learn to
discriminate danger from safety when the mother was
unavailable. On the other hand, adolescents did not
benefit from maternal availability; they showed signifi-
cant discrimination irrespective of maternal status.
Second, we investigated whether the effect of maternal
buffering on fear conditioning in the 8- to 10-year-old
individuals was influenced by maternally reported
warmth. In contrast to what we expected, maternally
reported warmth did not interact with maternal avail-
ability to affect FPS in children. Although maternally
reported warmth improved fear learning, this effect

50 1 B MOTHER UNAVAILABLE MOTHER AVAILABLE
a0
2
(]
g~ 30
z 4 [
S w
g2 20
A E
o 4
4§
E 10
5
0 -
.10 4
.20 -

CHILDREN (8-10)

ADOLESCENTS (11-13)

Figure 3. Mean and SE fear-potentiated startle discrimination score (%FPS to CS+ minus % FPS to CS-) across Age and Maternal

Status groups.
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MOTHER UNAVAILABLE

MOTHER AVAILABLE

Figure 4. Mean and SE fear-potentiated startle discrimination score (%FPS to CS+ minus % FPS to CS-) in 8- to 10-year-old children

across Maternal Status groups and High and Low Warmth.

was not significant, and maternal availability was a
stronger predictor of FPS discrimination.

Our finding that maternal availability influenced fear
learning in 8- to 10-year-old children complements pre-
vious animal and human studies on maternal buffering.
We demonstrated that maternal availability is asso-
ciated with a reduced fear response (FPS) to the safety
cue (CS-) in children. In contrast, in maternal absence
children did not learn to distinguish fear and safety
cues, resulting in a larger FPS to both the CS+ and
CS-. This finding is therefore in line with previous stu-
dies that showed an association between maternal pre-
sence and reduced cortisol responses, and fear
expression in nonhuman primates (Bayart et al., 1990;
Coe et al,, 1978; Levine et al., 1985), decreased amyg-
dala activation in response to faces, negative amyg-
dala-PFC  connectivity, and better behavioral
regulation in an emotional context in humans (Gee
et al, 2014). Successful discrimination is reflected by
fear inhibition to safety signals, that is, decreased FPS
to the CS—, for which the output of the amygdala needs
to be inhibited by the PFC (Kim & Jung, 2006). Hence,
the functional connectivity between the PFC and limbic
circuitry is crucial for discrimination (Lissek et al., 2014).
The finding by Gee and colleagues (2014) that maternal
cues improved PFC-amygdala coupling in children pro-
vides a plausible biological explanation for the effect of
maternal availability on fear discrimination observed in
this study.

In accordance with previous studies (Gee et al., 2014;
Hostinar et al., 2015; Sarro et al., 2014), we only

observed an effect of maternal buffering in children
and not in the adolescents. Maternal buffering is
needed to secure the infant’s bond with the caregiver
at any cost (Sullivan et al., 2000), conversely, adoles-
cence is a time of increasing independence and
reduced effects of maternal buffering likely reflect this
change. Increasing independence is paralleled by devel-
opmental switches in the role of the amygdala, struc-
tural and functional changes in the PFC (Gogtay et al.,
2004; Spear, 2000), and increased amygdala—PFC cou-
pling (Gabard-Durnam et al, 2014). Interestingly, the
same areas are involved in successful fear conditioning,
and accordingly, we found that adolescents, but not
children, showed robust fear discrimination irrespective
of maternal presence. This developmental switch does
not suggest that adolescents or adults do not benefit
from social buffering because at these ages peers take
on an increasing role in social buffering (Hennessy,
Kaiser, & Sachser, 2009; Terranova, Cirulli, & Laviola,
1999); however, a recent study found that peers
increased cortisol responses in adolescents during a
social stressor (Doom, Doyle, & Gunnar, 2016, this
volume). Maternal availability during childhood, how-
ever, can have an impact on social buffering later in life.
In a study of rhesus macaques, it was shown that
nursery-reared, in contrast to mother-reared, adoles-
cents were unable to benefit from social buffering dur-
ing a stress-provoking challenge (Winslow, Noble,
Lyons, Sterk, & Insel, 2003), indicating long-term effects
of maternal availability on the potential to benefit from
social buffering.
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In contrast to what we hypothesized, maternally
reported warmth did not impact the effect of maternal
buffering in children. In a previous study, a more sup-
portive mother—child relationship was found to increase
the maternal influence on the amygdala—PFC coupling
(Gee et al., 2014). Although we did observe a positive
trend of maternally reported warmth on discrimination
learning, which could indicate that a better relationship
improves the ability to learn danger and safety signals,
this finding did not reach significance, and was inferior
to the effect of maternal availability. Specifically, the
availability of mothers who reported lower levels of
warmth increased discrimination more than the
absence of mothers with high levels of warmth.
Therefore, our result might be better explained by the
theory of “any kind of mother in a storm”, which states
that even in cases of low-quality maternal care, infants
may benefit from maternal availability (Sapolsky, 2009).
Even though our measure of maternally reported
warmth was not associated with the ability to learn
discrimination during childhood, the quality of the
mother—child relationship, including parental respon-
siveness to child distress, may impact fear learning,
and the ability to benefit from social buffering later in
life. Future studies should examine the role of maternal
warmth along with other aspects of parenting that
predict a more supportive mother—child relationship.
Furthermore, our ability to interpret the absence of
significant findings for maternal warmth may be limited
by our use of a self-report measure for maternal
warmth because respondents are likely to minimize
aspects of parenting that appear socially undesirable
(Morsbach & Prinz, 2006). In addition, it is possible
that for traumatized parents, self-reported warmth is a
less reliable measure than for non-traumatized parents,
thereby limiting our ability to observe what could
otherwise be an important effect. Nevertheless, a num-
ber of studies do support the use of self-reported par-
ental warmth in traumatized parents (e.g., Goncalves
Boeckel, Wagner, & Grassi-Oliveira, 2015; Lavi & Slone,
2012). Still, there is a wide recognition of the impor-
tance of social support in maintaining physical and
psychological health in at-risk populations (Brewin,
Andrews, & Valentine, 2000; Cobb, 1976; Ozbay,
Fitterling, Charney, & Southwick, 2008), indicating the
relevance for further investigation of the long-term
effects of all aspects of the child-mother relationship
on the ability to benefit from social buffering.

Results of the current study should be considered
along with a few additional limitations. First, because it
was a post hoc opportunistic analysis, it was not
designed to investigate the effect of maternal availabil-
ity, and we did not use a standard randomization

procedure to assign children to one of the groups.
However, the observed maternal status groups were
comparable in size and were matched on demographic
data. Only the scores for violence exposure were higher
in the maternal absence group, but importantly, did not
differ within the age groups. Moreover, including expo-
sure to violence as a covariate did not change the
results, and it is therefore unlikely that this affected
our findings. Second, problems associated with self-
report measures may have impacted not only our find-
ings regarding maternal warmth, as discussed pre-
viously, but also child self-report of violence exposure
and psychological symptoms. Third, we did not mea-
sure brain correlates of the effect of maternal buffering
on fear conditioning, and future studies using func-
tional neuroimaging could improve our understanding
of underlying neural mechanisms. Finally, maternally
reported warmth did not influence the effect of mater-
nal availability on current levels of fear discrimination.
Yet, the mother-child relationship might impact fear
conditioning and the potential to benefit from social
buffering in later life. Therefore, it is important to con-
duct longitudinal studies and follow at-risk children into
adolescence, as this is the time when most mental
disorders emerge (Lee et al,, 2014).

In conclusion, we demonstrated that maternal avail-
ability improved fear discrimination in children, regard-
less of the quality of the relationship. Adolescents
showed robust discrimination with and without the
mother in the room, suggesting that childhood may be
a sensitive period for environmental influences on key
processes such as learning about danger and safety. The
steep increase of mental disorders during adolescence
calls for a better understanding of the more plastic
period before age 10, and potential long-term conse-
quences of the mother—child relationships in this period.
Although children may benefit from “any kind of mother
in the storm”, long-term effects on the ability to benefit
from social buffering should be investigated, given its
imperative role in maintaining physical and mental
health.
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