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a b s t r a c t

Maternal anxiety and depression are significant risk factors for the development of these
disorders in offspring. The pathways through which risk is conferred remain unclear. This
study examined fear acquisition and extinction in 26 children at high risk for emotional
disorders by virtue of maternal psychopathology (n = 14 with a mother with a principal
anxiety disorder and n = 12 with a mother with a principal unipolar depressive disorder)
and 31 low risk controls using a discriminative Pavlovian conditioning procedure. Partic-
ipants, aged between 7 and 14 years, completed 16 trials of discriminative conditioning
of two geometric figures, with (CS+) and without (CS−) an aversive tone (US), followed
by 8 extinction trials (4 × CS+, 4 × CS−). In the context of comparable discriminative con-
ditioning, children of anxious mothers showed larger skin conductance responses during
Conditioning
Extinction
Skin conductance

extinction to the CS+ compared to the CS−, and to both CSs from the first to the second block
of extinction trials, in comparison with low risk controls. Compared to low risk controls,
children of depressed mothers showed smaller skin conductance responses to the CS+ than
the CS− during acquisition. These findings suggest distinct psychophysiological premorbid
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1. Introduction

Anxiety and depression are two of the most common
mental health problems affecting children, with 10–20%
of school-aged children experiencing emotional disorders
during their young lives (Mathews et al., 2011). These dis-
orders cause life-long impairment (Bittner et al., 2007), and
are costly to families (Bodden et al., 2008) and national
health care systems (Andrews et al., 2004). Parental anx-

iety and/or depressive disorders are significant risk factors
for the development of these disorders in offspring (e.g.,
Goodman and Gotlib, 1999; Hammen et al., 1990; Rapee
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of anxious and depressed mothers.
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et al., 2009; Weissman et al., 1987). Parental depressive
disorders are associated with a threefold increase in an
individual’s risk for developing a depressive episode dur-
ing adolescence (Hammen, 1997; Williamson et al., 2004).
Maternal depression is associated with an earlier onset and
more severe course of depression in offspring (Lieb et al.,
2002; for a recent review see Gotlib et al., 2006). Simi-
larly, offspring of parents with anxiety disorders are at 3.5
(range 1.3–13.3) times greater risk for anxiety disorders
than are offspring of control parents (e.g., Merikangas et al.,
1999). Therefore, the investigation of offspring of parents
with anxiety and depressive disorders is a powerful strat-
egy to identify premorbid risk markers and early signs of
expressions of these conditions.

Learning models emphasise that anxiety develops

Open access under CC BY-NC-ND license.
through the association of a conditioned stimulus (CS+) and
an aversive unconditional stimulus (US), and conversely,
that anxiety extinguishes through repeated presentation
of the CS+ in the absence of the US, which is the underlying

NC-ND license.

dx.doi.org/10.1016/j.dcn.2013.10.007
http://www.sciencedirect.com/science/journal/18789293
http://www.elsevier.com/locate/dcn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dcn.2013.10.007&domain=pdf
mailto:a.waters@griffith.edu.au
dx.doi.org/10.1016/j.dcn.2013.10.007
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


l Cognit

t
e
2
a
2
a
d
a
r
a
c
s
a
C
h
t
o

l
r
c
e
L
h
t
c
s
e
e
i
u
t
N
b
v
t
r
(

k
e
e
o
b
t
c
C
S
w
e
r
c
d
s
s
w

h
C
l
a

A.M. Waters et al. / Developmenta

heoretical framework of exposure therapy (e.g., Bouton
t al., 2001; Craske et al., 2009; Davis et al., 2000; Field,
006; Grillon, 2002; Mineka and Öhman, 2002; Mineka
nd Zinbarg, 2006; Rachman, 1977; see Vervliet et al.,
012 or Boschen et al., 2009 for reviews). A recent meta-
nalysis (i.e., Lissek et al., 2005) concluded that within
iscriminative conditioning studies that require both excit-
tory responding to a CS+ paired with a US and inhibitory
esponding to a CS− presented alone, both anxious adults
nd control adults display comparable levels of differential
onditioning, as reflected by larger skin conductance and
ubjective responses to the CS+ than the CS−. However,
nxious adults show overall elevated responses to both
Ss compared with control adults, and maintain modestly
igher levels of conditioned responding during extinction
rials (although this group difference is strongest in CS+
nly conditioning procedures) (Lissek et al., 2005).

Basic science research has found similar evidence of
arger responding to the CS+ as well as overall elevated
esponses to both CSs in anxious compared to non-anxious
hildren using discriminative conditioning and extinction
xperiments (e.g., Craske et al., 2008; Lau et al., 2008;
iberman et al., 2006; Waters et al., 2009). These findings
ave been interpreted within an associative framework
hat emphasises elevated fear responding to excitatory
ues of threat (i.e., CS+) and impaired response inhibition to
ignals of safety (CS− and extinction trials) in the pathogen-
sis of anxiety disorders (e.g., Davis et al., 2000; see Lissek
t al., 2005). Another associative account for the findings
s overgeneralisation from the CS+ to the CS− due to fail-
re to discriminate the stimulus features that distinguish
hreat from safety cues (see Lissek et al., 2005, for a review).
on-associative explanations of elevated responding to
oth CS+ and CS− primarily focus on sensitisation, or ele-
ated responsiveness to the US and other novel stimuli due
o elevated anxious state, and habituation, or decreased
esponding over repeated presentations of specific stimuli
Lissek et al., 2005).

To date, there is one published study to the authors’
nowledge that examines aversive conditioning and
xtinction in high risk children by virtue of parental anxi-
ty disorders. Craske et al. (2008) found that in the context
f similar levels of differential conditioning, as indexed
y larger skin conductance responses (SCRs) and subjec-
ive evaluations of the CS+ compared to the CS−, high risk
hildren exhibited larger SCRs to the timing of the US on
S+ and CS− trials during acquisition, and larger orienting
CRs to both CSs during extinction trials, in comparison
ith low risk controls. There were no significant differ-

nces in subjective arousal and valence (unpleasantness)
atings between the groups. Overall, findings indicated that
hildren at high risk for anxiety due to parental anxiety
isplayed larger psychophysiological responses to stimuli
ignalling threat (CS+) that generalise to cues signalling
afety (CS−) and are slower to extinguish in comparison
ith low risk controls.

Anxiety and depression share numerous risk factors,

igh rates of comorbidity, and treatment approaches (see
raske and Waters, 2005). However, the specificity of aetio-

ogical processes to these disorders is not well understood
nd an enhanced understanding of common and specific
ive Neuroscience 7 (2014) 30–42 31

underlying mechanisms would improve knowledge on
the pathophysiology of these disorders. To the authors’
knowledge, there are no published studies to date that
examine differences in aversive conditioning and extinc-
tion in offspring of anxious versus depressed and healthy
parents. Therefore, the specificity of these learning-based
processes as mechanisms by which risk due to parental
anxiety versus depression is conferred to offspring remains
unclear. However, recent reviews of neurophysiological
studies suggest there may be distinct neurophysiological
indicators of depression (e.g., Vaidyanathan et al., 2012).
For example, findings from startle eye blink modulation
experiments suggest that depression is associated with
decreased fear-potentiated startle, and a flattened affect-
startle reflex pattern compared to never-depressed healthy
controls (e.g., Allen et al., 1999; Brown et al., 1998; Kaviani
et al., 2004; McTeague et al., 2009; see also Vaidyanathan
et al., 2012). On the other hand, first and second genera-
tion offspring of depressed parents compared to low risk
offspring showed increased startle reactivity throughout
fear-potentiation protocols, similar to that found in anx-
ious adults and offspring of parents with anxiety disorders
(e.g., Grillon et al., 2005). In terms of skin conductance
measures, evidence suggests that depression, especially
endogenous depression, may be associated with lower
skin conductance levels and more patients who are SCR
non-responders to unpleasant auditory stimuli compared
to healthy controls (Lader and Wing, 1964; Mirkin and
Coppen, 1980). Varied findings may be due to differ-
ing components of depression (e.g., endogenous versus
negative affect versus anhedonia), variation in symptom
severity, and the methodology and psychophysiological
measures employed (see Vaidyanathan et al., 2012 for a
review). Nevertheless, these findings primarily point to
depression being associated with attenuated psychophys-
iological responding to negative/stressful stimuli, or the
anticipation thereof, and failure to show appropriate reac-
tivity to pleasant stimuli. Together, these findings suggest
that depressed individuals may be relatively unaffected by
external stimulation (Mirkin and Coppen, 1980), perhaps
through the breadth and incessant nature of depressive
disorders taking their toll on the human defensive system,
thereby reducing psychophysiological reactivity to salient
emotional cues (McTeague et al., 2012). Thus, of interest in
the present study was whether attenuated psychophysio-
logical responding is a premorbid risk marker that develops
during the acquisition of aversive learning in the offspring
of depressed parents relative to low risk offspring of never
depressed parents.

Based on theoretical accounts of anxiety and depressive
disorders (Bouton et al., 2001; Craske et al., 2009; Davis
et al., 2000; Field, 2006; Goodman and Gotlib, 1999; Grillon,
2002; Hammen, 1991; Mineka and Öhman, 2002; Mineka
and Zinbarg, 2006; Rachman, 1977), the significant comor-
bidity between them (see Craske and Waters, 2005), and
the risk that these disorders pose to offspring of affected
parents (see Rapee et al., 2009; Hammen et al., 1990;

Weissman et al., 1987), the current study examined aver-
sive Pavlovian conditioning and extinction in the offspring
of anxious and depressed mothers compared to mothers
without a history of psychopathology. Based on previous
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Table 1
Principal diagnoses of mothers in the ANX and DEP groups.

Principal diagnosis Current diagnosis (N = 9) Past diagnosis (N = 17)

n Mean severity n Mean severity

ANX (n = 14) 9 6.2 5 7.5
Generalised anxiety 3 6 1 8
Obsessive–compulsive 0 – 2 8
Social phobia 2 6 0 –
Specific phobia 2 7 0 –
Panic 1 6 0 –
Separation anxiety 0 – 1 6
PTSD 1 6 1 8

DEP (n = 12) 0 0 12 6.72
–
–

Major depression 0
Depressive disorder NOS 0

Note. Mean severity = 0 (no interference) to 8 (very severely interfering).

evidence (i.e., Craske et al., 2008), it was hypothesised that
in the context of similar levels of discriminative condi-
tioning, children of anxious mothers would show larger
SCRs to both CSs during acquisition and extinction, in com-
parison with low risk controls and offspring of depressed
mothers. In contrast, if diminished psychophysiological
reactivity to aversive cues that is characteristic of depres-
sion (e.g., Mirkin and Coppen, 1980; Allen et al., 1999;
Kaviani et al., 2004; McTeague et al., 2009) is a risk marker
for the transmission of depression to offspring, then it was
hypothesised that children of depressed mothers would
show smaller SCRs to the CS+ compared to the CS− during
acquisition and relative to low risk children and offspring of
anxious mothers. Moreover, if they remain unresponsive to
external stimulation, they were expected to display attenu-
ated responding throughout extinction in comparison with
the other groups.

2. Method

2.1. Participants

One hundred and nineteen parent–child dyads were
initially assessed to participate in this study which was
approved by the Griffith University Human Research
Ethics Committee. They were recruited through commu-
nity advertisements, primary school and university notices
and newsletters, local newspapers, GPs, and community
mental health clinics as part of a larger study on risk
factors for the development of emotional disorders in
children. Initial exclusion criteria included (a) the child
having a psychiatric disorder, including an anxiety or
mood disorder, chronic medical condition, intellectual
impairment, pervasive developmental disorder, bipolar
disorder, oppositional defiant disorder or psychosis, (b) the
mother having a past or current chronic medical condition,
intellectual impairment, bipolar disorder, psychosis or
any psychiatric disorder other than anxiety and unipolar
depression, and (c) if the participating parent was not the
child’s biological mother. Of the 119 dyads assessed, 28

were excluded due to the child meeting criteria for an anx-
iety disorder (they were referred for treatment); 3 were
excluded due to incomplete diagnostic assessment data, 3
were excluded due to the child’s biological mother being
11 6.45
1 7

unable to participate (2 mothers due to divorce; 1 mother
was deceased), 8 were excluded because families failed to
attend the laboratory session, 11 children withdrew from
or declined to complete the conditioning and extinction
experiment, and 9 children had unusable skin conductance
data either due to technical problems (n = 4) or too much
missing data due to movement artefacts (n = 5).

Thus, the final sample of 55 children included 31 low-
risk children (mothers and children without psychiatric
disorder) and 26 high-risk children, of which 14 had moth-
ers with a principal lifetime diagnosis of an anxiety disorder
and 12 had mothers with a principal lifetime diagnosis of a
depressive disorder, with their children having no psychi-
atric disorder. Table 1 summarises the principal (i.e., most
severe) lifetime diagnoses of mothers in the ANX and DEP
groups. Five children were prescribed Ventolin for asthma.
No children were on medication at the time of assessment.
Demographic comparisons are reported in Table 2.

2.2. Measures

2.2.1. Maternal diagnostic status
The Anxiety Disorders Interview Schedule for DSM-IV,

Lifetime Version (ADIS-IV-L; Brown et al., 1994) is a
semi-structured interview that assesses current episodes
of DSM-IV anxiety, mood and substance use disorders in
addition to past (i.e., lifetime) episodes of these disorders.
Clinical postgraduate students who had undergone spe-
cialised training in administering the ADIS-IV-L conducted
the interviews. Mothers were asked to respond to a series
of questions relating to their experience of symptoms
of various psychological disorders at present and in
the past. If mothers endorsed enough symptoms, they
rated the degree of interference caused by the symptoms
for both current and past diagnoses. A scale from 0 to
8 was used where 0 represented no interference and
8 represented very severe interference. Criteria for a
disorder were met if a prescribed number of symptoms
were endorsed and a clinician severity rating (CSR) of
four or greater was assigned based on symptoms, distress

and interference (Brown et al., 2001). The ADIS-IV-L has
demonstrated sound psychometric properties, with good
inter-rater reliability (Brown et al., 2001). The ADIS-IV-L
was administered in person or over the telephone. The
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Table 2
Descriptive demographic and symptom measures as a function of group.

Measure CON (n = 31) ANX (n = 14) DEP (n = 12)

Age 9.56 (1.48) 9.77 (1.33) 9.90 (1.47)
Gender (M:F) 14:17 7:7 4:8
Country born (% Australia) 85 86 82
Mother marital status (% married)* 96 79 58

Parent age
Mother 42.1 (4.7) 41.8 (5.4) 42.3 (4.9)
Father 44.3 (6.9) 45.6 (6.6) 43.4 (6.1)

Parent SESa

Mother 4.12 (1.31) 4.96 (1.06) 4.06 (0.70)
Father 3.94 (0.96) 4.04 (0.88) 3.76 (0.91)

Mother STAI trait* 30.03 (7.27) 37.29 (8.94) 38.00 (7.60)
SCAS-P total 12.48 (8.84) 12.07 (5.75) 10.33 (5.55)
SCAS-C total 22.58 (13.87) 26.07 (13.51) 21.33 (14.76)
CES-DC total 11.77 (7.37) 11.14 (4.61) 10.67 (6.27)
CS−US contingency aware (%) 76% 57% 83%

Child subjective anxiety
Pre-Acq 1.74 (1.76) 1.50 (1.56) 1.00 (1.35)
Post-Acq 1.84 (1.92) 1.64 (1.55) 1.50 (1.51)

) (range

l
c
(
w
w
r
(

2

P
u
o
a
c
a
a
t
a
2
s
h
T
s
a
i
t
d
a
d
n

2

T
s

Post-Ext 0.74 (1.34)

* Significant difference between low-risk and high-risk groups.
a Occupation prestige assessed with Daniel Prestige Scale (Daniel, 1983

ifetime diagnosis (past or present) with the highest
linician severity rating was considered to be the principal
i.e., most severe) diagnosis. All ADIS-IV-L diagnoses
ere reviewed in supervision and 20% of all interviews
ere audiotaped and coded by an independent rater for

eliability purposes. Inter-rater reliability was excellent
e.g., principal diagnosis � = .89; second diagnosis � = .82).

.2.2. Child diagnostic status
The Anxiety Disorders Interview Schedule for DSM-IV,

arent version (ADIS-P; Silverman and Albano, 1996) was
sed to assess the presence/absence of psychiatric dis-
rders in children. Children were considered to have an
nxiety disorder if they met DSM-IV criteria with a clini-
al severity rating (CSR) of four or higher (scale 0–8), for
t least their principal anxiety diagnosis (i.e., most severe
t presentation). The ADIS-P was administered over the
elephone. The telephone version of the ADIS is as reli-
ble as face-to-face administration (Lyneham and Rapee,
005). The ADIS has demonstrated excellent reliability and
trong concurrent validity with other measures of child-
ood anxiety (Silverman et al., 2001; Wood et al., 2002).
he ADIS-P was administered by postgraduate clinical
tudents trained by clinical psychologists experienced in
nxiety assessment and ADIS administration and reviewed
n supervision. Twenty percent of interviews were audio-
aped and coded by an independent rater blind to children’s
iagnostic status. Inter-rater reliability showed excellent
greement for both disorders present and absent (e.g.,
isorders present: principal diagnosis � = .84; second diag-
osis � = .83; third diagnosis � = .85).
.2.3. Maternal symptom measure
The Trait Scale of the State-Trait Anxiety Inventory (STAI

rait; Spielberger et al., 1970) is a 20 item self-report mea-
ure that was completed by mothers to assess their anxiety
0.64 (0.93) 0.50 (0.80)

: 1 = high; 7 = low).

proneness and their tendency to respond with anxiety to
perceived threats in the environment. Each of the items is
assessed on a four point scale with respondents indicating
the extent to which the statement applies to them gener-
ally, ranging from 1 (almost never) to 4 (almost always). The
STAI has good psychometric properties (e.g., Spielberger
et al., 1983; Spielberger, 1989).

2.2.4. Child symptom measures
The Spence Children’s Anxiety Scale, Parent and Child

version (SCAS-P and SCAS-C; Spence, 1998). The SCAS-
P (39-item parent report measure) and SCAS-C (45-item
child self-report measure; 6 positive filler items), both con-
tain 4-point response scales (0 = never true to 3 = always
true), yield total scores reflecting symptom severity, and
possess sound psychometric properties. Mean SCAS-P total
scores of 14.2 and 31.8, and mean SCAS-C total scores of
18.8 and 32.2 are reported for non-clinical and clinically
anxious children, respectively (Nauta et al., 2004; Spence,
1998).

The Centre for Epidemiologic Studies Depression Scale
for Children (CES-DC; Weissman et al., 2006) is a 20-item
self-report inventory to measure depressive symptoms in
children aged 7–17 years. Children are asked to respond on
a four-point scale (0 = not at all to 3 = a lot) indicating how
frequently the items have happened to them in the past
week (e.g., I was bothered by things that usually don’t bother
me). Scores range from 0 to 60 with total score of 15 or
higher considered to be clinically significant. The CES-DC
has adequate reliability and validity (Faulstich et al., 1986).

2.3. Conditioning and extinction task
2.3.1. Electrophysiological materials and equipment
The US was an unpleasant tone; 1-s, 1000-Hz pure tone

set at 100 dB and delivered through Sony stereophonic
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headphones (see Waters et al., 2009 for data on intensity
and unpleasantness ratings). The CSs were geometric
shapes, a pastel pink trapezoid (CS+) and a pastel cream
triangle (CS−), an oval and octagon were used as control
shapes. The CS shapes were presented for 8 s, either to
the left or right of a central fixation cross. The geometric
shapes were presented equal number of trials, on a Dell
19′′ colour monitor at a distance of approximately 1 m and
a visual angle that averaged 9.6 degrees.

Skin conductance responses (SCR) were recorded dur-
ing the conditioning task using Ag/AgCI electrodes placed
on the middle and index fingers of the participant’s non-
dominant hand as well as a ground electrode placed in
the centre of the forehead. SCR data was acquired using
a Grass Technologies amplifier system (Model 15RXI) and
were digitised and sampled online using the LabVIEW
programming software (Version 7; National Instruments
Corporation, 2003) which was installed on a Dell Preci-
sion workstation computer. SCR data was DC amplified at
2000 Hz.

2.3.2. Verbal ratings
Participants rated the CS geometric shapes comprising

a trapezoid and a triangle, prior to and after acquisition,
and following extinction. Ratings were made using a self-
assessment mannequin (SAM), which illustrated cartoon
like figures, providing subjective ratings of their valence
(unpleasant − pleasant) and arousal (calm – worked up) of
the four shapes. Arousal was rated using a one tailed lik-
ert scale ranging from 1 (calm) to 9 (very aroused), whereas
valence was rated using a two tailed likert scale ranging
from 1 (very pleasant) to 5 (neutral) to 9 (very unpleas-
ant) (Center for the Study of Emotion and Attention, 1999).
Children also rated their subjective level of anxiety prior
to and after acquisition, and following extinction, using a
one tailed likert scale ranging from 0 (not at all) to 10 (very
anxious).

2.3.3. Contingency awareness
Upon completion of the acquisition phase, children

were asked whether they noticed if the US tone, which
was delivered through the headphones, coincided with
any of the shapes presented. If the child responded with
“Yes”, they were then asked to identify which shape was
presented with the tone and responses were recorded
verbatim. Contingency awareness was considered to be
achieved if the child identified that the tone was paired
with the correct shape.

2.4. Procedure

When mothers contacted the research team in response
to study advertisements, information about the study was
provided and information and parent consent forms were
emailed or posted to interested families. Upon return of
these forms, the participating mother was screened over
the telephone about their own current and past anxiety

and depression and that of their participating child. The
psychopathology of children was assessed next using the
ADIS-P-IV (Silverman and Albano, 1996). If the child did
not meet criteria for any psychological disorder, the mother
ive Neuroscience 7 (2014) 30–42

was then assessed with the ADIS-IV-L (Brown et al., 1994)
regarding their own current and past psychiatric status.
This was conducted either via the telephone (N = 27) or at
the university clinic (N = 61). Mothers were asked whether
the biological father had ever had anxiety or depression or
had been treated for either of these disorders. Only families
in which the biological father was reported not to have any
psychiatric disorders were included.

Children of mothers meeting criteria for a principal life-
time anxiety disorder were assigned to the ANX group,
while children of mothers meeting criteria for a princi-
pal lifetime unipolar depressive disorder were allocated to
the DEP group, while children of mothers with no lifetime
psychiatric diagnoses were allocated to the CON group.

2.4.1. Experimental assessment of children and mothers
Experimental sessions were carried out in a research

laboratory during which a research assistant supervised
children at all times. The experimental session began with
an orienting period during which mothers and children
were familiarised with the laboratory. The tasks to be com-
pleted were explained to both the child and mother and
children were informed that they were able to withdraw
at any time. After children’s assent to participate in the
experiment was obtained, mothers moved to another room
where they completed questionnaires. Electrode recording
devices were attached to the child and they were seated
alone in an experimental room within the laboratory, inter-
connected with a closed-circuit camera.

Prior to the Pavlovian conditioning and extinction task,
children were asked to rate their subjective anxiety and
valence and arousal for the CSs using the SAM. They were
then instructed to pay attention to the shapes presented
one at a time on the computer screen and loud tones pre-
sented through headphones.

Acquisition phase. The procedure was identical to that
used by Waters et al. (2009) and Craske et al. (2008). During
the acquisition phase, children received 16 conditioning
trials (eight CS+ and eight CS−) presented in random order
with the caveat that no more than two trials of either the
CS+ or CS− were presented sequentially, and that the first
two trials were a CS+ and a CS−. The CS+ and CS− were pre-
sented on either side of a fixation cross which remained on
the screen from CS offset to onset to help maintain chil-
dren’s focus. The CSs were presented for 8 s. On CS+ trials,
US onset was at 7 s and offset at 8 s with the CS+ offset and
the US was paired with the CS+ on 100% of CS+ trials. The
CS− was always presented alone. The inter-trial interval
(from CS onset to CS offset) varied from 20 to 30 s (mean
25 s). After the acquisition trials, participants’ contingency
awareness was assessed and they were asked to rerate their
subjective anxiety and the four geometric shapes using the
SAM. They were then instructed to leave the headphones
on and continue paying attention for the next phase of the
experiment.

Extinction phase. The extinction phase consisted of eight
trials: four CS+ trials without the US pairing and four CS−

trials. The trials were presented in random order with no
more than two sequential presentations of either the CS+
or CS−. The CSs were presented an equal number of times
to the left and right of the central fixation cross. After the
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scores on the STAI Trait scale, F(2, 57) 7.10, p = .002, com-
pared to the CON group (both p < .014) but did not differ
significantly from each other (p > .05).

1 Preliminary analyses with marital status as a covariate revealed no
A.M. Waters et al. / Developmenta

xtinction trials, subjective anxiety levels and the SAM rat-
ngs of the four geometric shapes were completed again.

Afterwards, the electrodes were removed and the
esearch assistant read aloud the items from the child ques-
ionnaires and recorded the child’s answers verbatim to
revent variation in children’s reading ability from affect-

ng their responses. During this time, mothers who had not
ompleted the ADIS-IV-L over the telephone did so with a
linical postgraduate student trained in ADIS-IV-L admin-
stration. The experimental session lasted 1.5–2 h.

.5. Statistical analyses, data screening and response
efinitions

.5.1. Skin conductance data
SCR data were inspected trial-by-trial for artefacts asso-

iated with technical interference, excessive drowsiness,
ovement, or behaviours such as coughing, sneezing, deep

ighs or when the child was not looking at the CS+/− pre-
ented on the screen, as determined via observation via the
losed-circuit camera. Observations were made through
losed-circuit television and additional channels of recor-
ing, including horizontal EOG (for eye movements and
aze shifts). Trials in which artefacts occurred were scored
s missing. Five participants were excluded due to missing
ata, defined as more than half of the trials for either CS
issing during the acquisition and extinction phase. SCR

ata were scored blind to children’s diagnostic status and
roup membership.

The magnitude of the phasic SCR elicited during each
S was scored within three latency windows as the dis-
ance between the trough and apex of the curve, expressed
n microsiemens (�S). First interval responses were those
hat began 1–4 s following onset of the CS and reflects ini-
ial orienting to the signal value of the CS that is enhanced
uring CSs paired with a US (Öhman, 1983). Second inter-
al responses reflect anticipation of the US (Öhman, 1983;
rokasy and Ebel, 1967), and began 4–7 s following CS
nset. Third interval responses began 7–11 s following CS
nset (Prokasy and Kumpfer, 1973) and provide a means to
xamine responses to the US on CS+ trials and the effects of
S omission for CS− trials across the groups. All SCR data
ere transformed using a square root transformation to
ormalise the distributions (Venables and Christie, 1980),
hich is in line with previous research utilising skin con-
uctance responses (e.g., Waters et al., 2009). Data were
ot range-corrected to allow comparisons with previous
esearch (e.g., Craske et al., 2008; Liberman et al., 2006;

aters et al., 2009). However, supplementary analyses
sing range-corrected values revealed identical main and

nteraction effects.
For the purpose of data analysis, the trials from each CS

ere collapsed into four blocks of two trials for acquisi-
ion and two blocks of two trials for extinction. The three
atency window magnitudes were analysed using sepa-
ate linear mixed models analysis of variance (ANOVA) for
epeated measurements with Satterthwaite’s approxima-

ion for degrees of freedom. Therefore, separate 3 (Group:
NX, DEP, CON) × 2 (CS: CS+, CS−) × 4 (Block: first, sec-
nd, third, fourth) mixed models ANOVA were carried out
or FIRs, SIRs and TIRs during acquisition, and 3 (Group:
ive Neuroscience 7 (2014) 30–42 35

ANX, DEP, CON) × 2 (CS: CS+, CS−) × 4 (Block: first, second)
mixed models ANOVA were carried out for FIRs, SIRs and
TIRs during extinction. Bonferroni corrections were used in
follow up comparisons to control for the accumulation of
alpha error due to multiple comparisons.

2.5.2. Verbal ratings
Valence and arousal ratings of the CS+ and CS−

were analysed using a 2 (CS: CS+, CS−) × 3 (Phase: pre-
acquisition, post-acquisition, post-extinction) × 3 (Group:
CON, DEP, ANX) repeated-measures analysis of variance
(ANOVA). Children’s subjective anxiety ratings were ana-
lysed using a 3 (Phase: pre-acquisition, post-acquisition,
post-extinction) × 3 (Group: CON, DEP, ANX) repeated-
measures ANOVA. Children’s contingency awareness of the
relationship between the CS+ and US was analysed using
chi-square analysis. Bonferroni corrections were used in
follow up comparisons to control for the accumulation of
alpha error due to multiple comparisons.

3. Results

3.1. Group comparisons

3.1.1. Demographics
Compared to the CON group, there were no significant

differences in children’s gender, both �2 < .99, n.s., or coun-
try of birth, both �2 < .50, in the ANX or DEP groups. There
were no significant group differences in children’s age, F(2,
57) = 0.80, p = .91, mothers or fathers age, both F < .33, n.s,
or mothers or fathers occupational prestige, both F < 2.10,
n.s. Marital status differed significantly between the CON
and DEP groups, �2 (1, N = 46) = 6.66, p = .02 (Fisher’s exact
text), with more divorced mothers in the DEP than the CON
group, but not between the CON and ANX groups, �2 < 1.44,
n.s. (see Table 2).1

3.1.2. Mothers diagnoses and symptom measures
The principal lifetime diagnosis (i.e., most severe) of

mothers in the DEP and ANX groups differed accord-
ing to whether the diagnosis was current or past, �2 (1,
N = 26) = 11.78, p = .001 (see Table 1).2 Nine of the 14 moth-
ers in the ANX group had a current principal diagnosis while
the 12 mothers in the DEP group had a past principal diag-
nosis. However, mothers did not differ in the severity of
their principal diagnosis, t = .68, n.s., and with the exception
of one mother with past childhood separation anxiety dis-
order, mothers in both groups experienced their principal
diagnosis (or episodes thereof) during their child’s lifetime.
Depressed and anxious mothers had significantly higher
significant effects of the covariate.
2 Preliminary analyses of all dependent measures as a function of past

versus current principal diagnoses or with past versus current princi-
pal diagnoses as a covariate in the main analyses revealed no significant
effects of the timing of principal diagnosis.
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Table 3
Mean subjective anxiety and CS valence and arousal ratings (+SD) as a function of experimental phase and group.

Pre-Acq Post-Acq Post-Ext

CS+ CS− CS+ CS− CS+ CS−
CS arousal

CON 3.48 (2.18) 3.35 (2.15) 3.90 (2.62) 2.29 (2.28) 2.61 (2.09) 2.35 (2.27)
ANX 1.85 (1.70) 2.14 (2.17) 3.14 (2.53) 2.00 (2.18) 2.17 (1.99) 1.86 (1.87)
DEP 1.67 (1.77) 1.50 (0.90) 3.33 (2.93) 1.33 (1.15) 2.53 (2.22) 1.17 (0.58)
Mean 2.33 (1.88) 2.33 (1.74) 3.46 (2.69) 1.87 (1.87) 2.44 (2.10) 1.79 (1.57)

CS valence
CON 3.32 (1.62) 3.45 (2.41) 4.67 (2.42) 3.13 (2.47) 3.77 (2.81) 4.03 (2.62)
ANX 3.71 (1.85) 2.85 (1.66) 5.00 (2.09) 3.57 (1.83) 4.43 (2.65) 3.29 (1.73)

(2.24)
(2.25)

= very p
DEP 4.00 (1.80) 3.17 (2.17) 4.67
Mean 3.68 (1.76) 3.16 (2.08) 4.78

Note. CS arousal ratings: 1 = calm to 9 = very aroused; CS valence ratings: 1

3.1.3. Child symptom measures
There were no significant differences between chil-

dren in the CON, DEP and ANX groups on either SCAS-P
total scores, SCAS-C total scores, or CES-DC total scores, all
F’s < .86, n.s. (see Table 2).

3.2. Children’s subjective ratings

Compared to the CON group (23 aware:8 unaware),
there were no significant differences in contingency aware-
ness of the ANX group (8 aware:6 unaware), or the DEP
group (10 aware:2 unaware), both �2 < 1.80, n.s. (see
Table 2).3 Differences in contingency awareness of the ANX
and DEP group were also not significant, �2 < 2.08, n.s.

A 3 (Group) × 3 (Phase) repeated-measures ANOVA of
subjective anxiety ratings revealed a significant main effect
of Phase, F(1, 108) = 10.18, p = .001, �p

2 = .16. The Group
main effect and the interaction were not significant, both
F’s < .54, n.s. The phase main effect was due to significantly
lower anxiety ratings after extinction compared to before
acquisition (p = .006) and after acquisition (p < .001); rat-
ings in the latter phases did not differ significantly (p = .87).

A 3 (Group) × 3 (Phase) × 2 (CS) repeated-measures
ANOVA of CS valence ratings revealed a significant main
effect of CS, F(1, 54) = 11.93, p = .004, �p

2 = .18, Phase, F(2,
92.08) = 6.25, p = .003, �p

2 = .10, and a significant CS × Phase
interaction, F(2, 103.54) = 3.28, p = .045, �p

2 = .057 (see
Table 3). There were no significant differences in the rat-
ings of the CSs at pre-acquisition (t(56) = .06, n.s). However,
the CS+ was rated as significantly more unpleasant than the
CS− after acquisition (t(56) = 3.76, p = .007) but not extinc-
tion (t(56) = .69, n.s). All groups rated the CS+ as more
unpleasant after acquisition compared to before acquisi-
tion (t(56) = 3.82, p < .001) and compared to after extinction
(t(56) = 2.17, p = .034). There were no significant changes in
valence ratings of the CS− across phases (all p > .40).

A 3 (Group) × 3 (Phase) × 2 (CS) repeated-measures

ANOVA of CS arousal ratings revealed a significant main
effect of CS, F(1, 54) = 13.47, p < .001, �p

2 = .20, Phase, F(2,
108) = 4.90, p = .009, �p

2 = .083, and a significant CS × Phase

3 Preliminary analyses of all dependent measures with and without
unaware children included revealed the same results. Thus, all children
were retained in the analyses.
3.50 (2.43) 4.03 (2.56) 4.00 (2.34)
3.40 (2.24) 4.07 (2.67) 3.77 (2.23)

leasant to 9 = very unpleasant.

interaction, F(2, 108) = 8.10, p < .001, �p
2 = .15 (see Table 3).

There were no significant differences in the ratings of the
CSs at pre-acquisition (t(56) = .01, n.s). However, the CS+
was rated as significantly more arousing than the CS−
after acquisition (t(56) = 4.46, p < .001) and after extinction
(t(56) = 2.35, p = .022). All groups rated the CS+ as more
arousing after acquisition compared to before acquisition
(t(56) = 4.46, p = .001) and compared to after extinction
(t(56) = 3.65, p = .001). There were no significant changes
in arousal ratings of the CS− across phases (all p > .59) (see
Table 3).

3.3. Children’s skin conductance responses

3.3.1. Acquisition
The 3 (Group: ANX, DEP, CON) × 2 (CS: CS+, CS−) × 4

(Block: first, second, third, fourth) mixed models ANOVA
of FIRs confirmed the acquisition of associative learning by
a significant main effect of CS, F(1, 261.13) = 5.43, p = .02.
As seen in Fig. 1, follow-up comparisons confirmed that
FIRs were larger overall to the CS+ (M = .28, SE = .02) than
the CS− (M = .21, SE = .02). There were no significant main
or interacting effects of Group, all F’s < 1.05, n.s. (see Fig. 1,
upper left panel).

The 3 (Group: ANX, DEP, CON) × 2 (CS: CS+, CS−) × 4
(Block: first, second, third, fourth) mixed models ANOVA
of SIRs found a significant CS × Group interaction, F(2,
296.05) = 5.62, p = .004. As seen in Fig. 1 (middle left panel),
follow up comparisons revealed that participants in the
DEP group showed significantly smaller SIRs to the CS+
(M = .06, SE = .03) compared to the CS− (M = .19, SE = .03),
p = .004. Furthermore, the DEP group showed significantly
smaller SIRs to the CS+ compared to the ANX group (M = .17,
SE = .03; p = .04), and CON group (M = .15, SE = .02; p = .04)
which did not differ significantly from each other (p > .76).
There were no significant differences between groups in
responding to the CS− (all p > .05).

A 3 (Group: ANX, DEP, CON) × 2 (CS: CS+, CS−) × 4
(Block: first, second, third, fourth) mixed models analy-
sis of variance (ANOVA) was conducted to examine TIRs
(see Fig. 1, lower left panel). There was a significant main

effect of CS, F(1, 259.28) = 253.66, p < .001 and a significant
main effect of Block, F(3, 793.02) = 14.81, p < .001. As seen in
Fig. 1, TIRs were larger overall to the CS+ (M = .74, SE = .03)
than the CS− (M = .21, SE = .03). Furthermore, responding
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ig. 1. Mean first interval (upper panel), second interval (middle panel),
S− during each block of acquisition (A1–A4) trials (left panels) and exti
ffects involving group).

as significantly larger in the first (M = .60, SE = .03) com-
ared to the second block (M = .47, SE = .03; p = .001), third
lock (M = .47, SE = .03; p = .002) and fourth block (M = .37,
E = .03; p < .001). TIRs were significantly larger in the sec-
nd and third block compared to the fourth block (both
> .018).
.3.2. Extinction
A 3 (Group: ANX, DEP, CON) × 2 (CS: CS+, CS−) × 2

Block: first, second) mixed models analysis of variance
ANOVA) was conducted to examine FIRs (see Fig. 1, upper
rd interval (lower panel) skin conductance responses to the CS+ and the
rials (E1–E2) (right panels) as a function of group (* indicates significant

right panel). A significant main effect of Group was found,
F(2, 105.74) = 3.08, p = .05, as well as a significant two-way
interaction between Block and Group, F(1, 411.41) = 3.80,
p = .023 and between CS and Group, F(1, 248.87) = 3.02,
p = .05. The Block × Group interaction reflected that the
ANX group had significantly larger FIRs in the second com-
pared to the first block (p = .05), whereas SCRs in the CON

group reduced from the first to the second block (p = .04),
and there were no significant effects of block in the DEP
group (p = .44). Furthermore, in the second block, the FIRs
of the ANX group were significantly larger compared to the
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Table 4
Correlations between skin conductance measures and symptom measures
(N = 57).

Measure Mother Child

STAI-T SCAS-P SCAS-C CES-DC

Acq CS− FIR −.15 .18 .01 −.22
Acq CS+ FIR −.22 .06 −.02 −.16
Ext CS− FIR −.17 .09 −.12 −.18
Ext CS+ FIR −.13 .07 −.09 −.24
Acq CS− SIR .09 .02 −.07 −.25a

Acq CS+ SIR −.09 −.05 .10 −.25a

Ext CS− SIR −.02 −.08 −.06 −.19
Ext CS+ SIR −.25a −.10 −.14 −.22
Acq CS− TIR −.11 .07 .02 −.12
Acq CS+ TIR −.06 −.05 −.07 −.28*

Ext CS− TIR −.13 .15 −.16 −.14

Table 5
Correlations between CS valence and arousal measures and symptom
measures (N = 57).

Measure Mother Child

STAI-T SCAS-P SCAS-C CES-DC

Pre-Acq CS− valence −.16 .13 .12 .02
Pre-Acq CS+ valence .03 .17 .11 .24
Post-Acq CS− valence −.04 .19 .08 .36**

Post-Acq CS+ valence −.14 .06 −.19 .23
Post-Ext CS− valence −.01 −.04 −.13 .19
Post-Ext CS+ valence −.13 .06 −.14 .20
Pre-Acq CS− arousal −.13 .10 .19 .21
Pre-Acq CS+ arousal −.10 .07 .17 .20
Post-Acq CS− arousal −.14 −.15 .11 .27*

Post-Acq CS+ arousal −.24 .02 .08 .34**

Post-Ext CS− arousal −.17 −.14 .01 .22
Post-Ext CS+ arousal −.12 −.16 .03 .18

Note. CS valence ratings: 1 = very pleasant to 9 = very unpleasant; CS arousal
ratings: 1 = calm to 9 = very aroused.
Ext CS+ TIR −.24 .15 −.12 −.24

* p < .05.
a p < .06.

DEP group (p = .02) but not the CON group (p = .43). Dif-
ferences between the CON and DEP groups were also not
significant (p = .08). The CS × Group interaction reflected
that the ANX group had significant larger FIRs to the CS+
than the CS− (p = .018) whereas CS differences were not sig-
nificant for the DEP or CON groups (p’s > .054). There also
were no significant Group differences at either level of CS
(all p > .052). There were no significant effects for SIRs or
TIRs, all F’s < 2.10, n.s. (see Fig. 1, middle and lower right
panels).

3.4. Supplementary analyses

Additional analyse were performed to compare the
number of SCR FIR and SIR non-responders to the CS+ dur-
ing acquisition, defined as less than two SCRs across the
8 CS+ trials (i.e., one or no SCRs). There were no signifi-
cant differences between the CON and DEP groups in the
number of FIR non-responders (DEP = 2/12; CON = 8/31),
�2 < .41, n.s. However, there were significantly more SIR
non-responders in the DEP group compared to the CON
group (DEP = 9/12; CON = 8/31), �2 < 4.56, p = .045 (Fisher’s
Exact Test). There were no significant group differences
in FIR or SIR non-responders between the ANX and CON
groups (FIR: ANX = 2/14; SIR: ANX = 7/14), all �2 < .75, n.s.

Correlations between all dependent and independent
variables are presented in Tables 4 and 5. In addition,
correlations between parent and child symptom meas-
ures revealed two significant associations: SCAS-C total
scores were significantly correlated with SCAS-P total
scores, r(57) = .27, p = .047, and with CES-DC total scores,
r(57) = .50, p < .001.

4. Discussion

The present study found that in the context of com-
parable discriminative conditioning, subjective valence
and arousal responses and levels of contingency aware-

ness, children of anxious mothers showed larger skin
conductance conditioned responses during extinction to
the CS+ compared to the CS−, and to both CSs from the
first to the second block of trials, in comparison with low
* p < .05.
** p < .001.

risk offspring. These findings partially replicate those of
Craske et al. (2008), who also found no group differences
in subjective measures or contingency awareness but did
find that offspring of anxious parents exhibited larger skin
conductance conditioned responses during extinction that
were undifferentiated by CS type. However, inconsistent
with Craske et al. (2008), we did not find that high risk
offspring of anxious parents had larger third interval skin
conductance conditioned responses during acquisition
compared to low risk offspring. These findings could
suggest that excitatory responding to aversive stimuli (i.e.,
the tone US) is more variable amongst high risk offspring
of anxious parents, whereas deficits in learning to inhibit
psychophysiological responses when new learning should
take place (CS− no US association) (e.g., Davis et al., 2000)
may be a more reliable candidate risk marker that distin-
guishes high from low risk offspring. Indeed, the present
findings accord with those from clinical studies finding
that anxious children display larger skin conductance
conditioned responses during extinction trials to the CS+
compared to the CS− (Liberman et al., 2006; Waters et al.,
2009) or collapsed across both CSs (Craske et al., 2008).
Still unknown, however, is whether these impairments in
inhibiting psychophysiological responses following new
information that a stimulus is now safe actually underlies
the elevated risk for anxiety in children of anxious parents.
It will be important for future studies to extend these
findings by using longitudinal designs to assess the onset
of anxiety disorders as an outcome measure.

The other major finding in this study was that, com-
pared to low risk controls, children of depressed mothers
showed smaller skin conductance responses to the CS+
than the CS− during acquisition. This is the first study to
the authors’ knowledge to study aversive conditioning and
extinction in children of depressed mothers. Skin conduc-
tance responses of smaller magnitudes on CS+ trials were
evident in second interval responses, suggesting that off-

spring of depressed mothers were largely unresponsive
during anticipation of the US, rather than in actual reactiv-
ity to the US (i.e., no group differences in TIRs) or in initial
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rienting to the CS+ (although inspection of Fig. 1 suggests
lack of discrimination in FIRs in the DEP group, the overall
nalysis revealed no significant group differences).

Previous research has shown that depression is asso-
iated with decreased fear-potentiated startle and less
leasure-inhibited startle, contributing to a generally flat-
ened affect-startle pattern (see Vaidyanathan et al., 2012).
hus, one explanation for the present results is that the
EP group showed impaired inhibition of skin conductance

esponses to the safety of the CS−. However, this is not
upported by the results because there were no significant
roup differences in second interval response magnitudes
n CS− trials. Also, inspection of the means in Fig. 1 for the
EP group indicates a substantial decrease in the magni-

udes of SIRs (M = .055) compared to FIRs (M = .27) for CS+
rials but not CS− trials (FIR M = .21; SIR M = .19). Moreover,
he supplementary analyses confirmed that the reduction
n magnitude of SIRs to the CS+ in the DEP group was due
o significantly more SCR non-responders compared to the
ON group (i.e., children who had only one or no SIRs across
he 8 CS+ trials). Therefore, a more likely explanation is
hat offspring of depressed mothers were less responsive
sychophysiologically to external stimuli signalling threat
i.e., CS+ trials) and that this manifested in the anticipation
f forthcoming threat (i.e., SIRs) (Öhman, 1983; Prokasy
nd Ebel, 1967). Thus, the present findings extend previ-
us evidence of broad psychophysiological dysregulation
n depressive disorders (e.g., Burke et al., 2005; Rao et al.,
008; Waugh et al., 2012; Young et al., 2000) to include
ysregulation of skin conductance reactivity in offspring of
epressed mothers.

The mechanism/s underlying impaired inhibition of
kin conductance responses following new information
ignalling safety in offspring of anxious mothers (i.e.,
etarded extinction), and diminished skin conductance
esponses during anticipation of a pending aversive event
n offspring of depressed mothers are not clear. The
nteraction between genetic (Gregory and Eley, 2007),
eurobiological (Mirkin and Coppen, 1980), and temper-
ment factors, such as negative affect (Zinbarg et al., 2010),
s well as learning-based mechanisms such as exposure
o maternal maladaptive cognitions, behaviour and affect
see Goodman and Gotlib, 1999 and Rapee et al., 2009
or reviews) are likely to interact to influence offspring
sychophysiological dysregulation during initial aversive

earning in offspring of depressed mothers and safety learn-
ng in offspring of anxious mothers. Studies with larger
amples that include multiple measures across time are
equired to clarify the relative contribution of these risk
arkers to disorder onset in high risk offspring.
The present findings suggest distinctions between

ffspring of anxious and depressed parents in the psy-
hophysiological measure of skin conductance responses
hereby offspring of anxious mothers show increased reac-

ivity during extinction of aversive learning while offspring
f depressed mothers show diminished responding during
nticipation of a pending aversive event during condition-

ng. However, it is notable that offspring of anxious and
epressed parents have similarly shown increased startle
ye blink reactivity throughout fear-potentiation proto-
ols (e.g., Grillon et al., 1998, 2005). Taken together, these
ive Neuroscience 7 (2014) 30–42 39

findings could suggest both common and specific patterns
of psychophysiological dysregulation among offspring of
depressed and anxious parents. Longitudinal research with
multiple measures from offspring of anxious and depressed
parents will help elucidate common and specific risk fac-
tors for the onset of emotional disorders.

It is important to note that dysregulation may
well extend to evaluative measures such as subjective
appraisals of the CSs and US expectancy ratings had
these responses been assessed trial-by-trial as was the
case for skin conductance responses. Thus, the inconsis-
tencies between the subjective ratings and trial-by-trial
skin conductance responses should not be interpreted
as these two measures indexing underlying mechanisms
that are differentially sensitive to risk due to maternal
anxiety and depression. Although subjective ratings have
more consistently been interpreted as reflective of affec-
tive learning, the claim that skin conductance responses
are reflective of expectancy learning has been questioned
(e.g., Lovibond and Shanks, 2002; Öhman and Soares,
1998; Wiens and Öhman, 2002). Similar debate exists
about whether the proposed measures of affective learning
and expectancy learning reflect on qualitatively differ-
ent learning mechanisms (e.g., Baeyens et al., 1995; De
Houwer et al., 2001) or are manifestations of a single
underlying mechanism (e.g., Field and Davey, 1997; Lipp
and Purkis, 2005; Shanks and Dickinson, 1990). There-
fore, the manner in which measures have been collected,
i.e., trial-by-trial or pre- to post-phase tests, may be crit-
ical to the absence of results in the subjective versus
skin conductance measures. Relatedly, even though post-
acquisition phase contingency awareness levels did not
differ significantly between the groups, nor did contin-
gency awareness affect the results, only 72% of children
averaged across the whole sample could correctly iden-
tify the CS+-US association after acquisition. Although this
compares favourably to a previous study (i.e., Waters et al.,
2009) in which only 55% of healthy controls achieved
contingency awareness by post-acquisition, future studies
should assess both skin conductance responses and subjec-
tive ratings using both trial-by-trial and pre- to post-phase
procedures.

The present study should be considered in relation
to other limitations. Parent–child dyads were primarily
recruited through the community rather than mental
health clinics and the sample sizes of the DEP and ANX
groups were small, which limits the generalisability of
findings. Although timing of diagnosis (i.e., current; past)
did not affect outcomes, the groups unexpectedly differed
in the number of mothers with a current versus past prin-
cipal diagnosis. Also, although all mothers except for one
experienced their disorder or episodes thereof during their
child’s lifetime, it would be valuable in future research
to examine the effects of when mothers experienced
these disorders/episodes during their child’s lifetime. Also,
although it would have been informative to study offspring
of mothers with a single diagnosis of either anxiety or

depression, this was not feasible due to high rates of
comorbidity. Nevertheless, the approach used here facili-
tates comparison with other high risk studies (e.g., Craske
et al., 2008) and clinical studies (e.g., Liberman et al., 2006;
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Waters et al., 2009), in which inclusion was based on either
parent or child principal diagnosis. Moreover, differences in
acquisition and extinction phases were found between off-
spring of mothers with principal anxiety versus depressive
disorders despite comorbidity on subsidiary diagnoses,
indicating that the relationship between type of maternal
principal disorder and aversive conditioning and extinc-
tion in offspring deserves further investigation. In terms
of methodology, it would be valuable in future studies to
include more trials per CS condition during acquisition and
extinction phases, and to assess physiological, subjective
and contingency awareness measures trial-by-trial as well
as pre- to post-phase. It will also be important to follow
children longitudinally to determine whether differences
in aversive learning and extinction between offspring
of anxious and depressed mothers predict long-term
psychopathology.

In summary, the present study found that offspring of
anxious mothers showed retarded extinction of learned
fear responses, as indexed by skin conductance responses,
thereby replicating prior research (Craske et al., 2008). By
contrast, offspring of depressed mothers showed dimin-
ished reactivity during acquisition of fear learning. This
appears to be a novel finding that is broadly consistent
with previous evidence of diminished skin conductance
responsiveness, reduced fear-potentiated startle and affec-
tive startle modulation in adults with depression (Mirkin
and Coppen, 1980; Lader and Wing, 1964; Allen et al.,
1999; Brown et al., 1998; Kaviani et al., 2004; McTeague
et al., 2009). These findings suggest there may be distinct
psychophysiological premorbid risk markers by virtue of
maternal anxiety and depression. Future research using
multiple measures with long-term follow-up of the off-
spring of anxious and depressed mothers will help confirm
whether these risk markers play a role in the onset of emo-
tional disorders.
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