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Abstract 

While both maternal emotional disorders and perturbed fear learning increase risk for emotional disorder, it remains 
unclear the way in which these factors interact. This preliminary study examined whether responding during 
Pavlovian fear conditioning and extinction (Time 1) differentially predicted anxiety and depression symptoms 12 
months later (Time 2) in 23 children with maternal risk for emotional disorders and 23 low risk comparisons. At Time 
1, participants completed diagnostic and symptom measures and a discriminative conditioning and extinction task 
using shape conditional stimuli paired with (CS+) and without (CS-) an aversive tone unconditioned stimulus (UCS). 
Skin conductance responses (SCRs) were assessed in latency windows corresponding to CS orienting (first interval), 
UCS anticipation (second interval) and response to the UCS (third interval). Diagnostic and symptom measures were 
repeated at Time 2. Larger acquisition first interval SCRs during CS+ trials predicted higher Time 2 anxiety symptoms 
in high risk offspring but not low risk comparisons. Larger acquisition third interval SCRs during CS- trials predicted 
higher Time 2 anxiety symptoms in all children, irrespective of maternal diagnostic status. There were no significant 
effects involving fear extinction responses. All analyses involving the prediction of depression symptoms were not 
significant. Elevated responding to safety cues may be a general risk marker among children, and larger orienting 
responses to threat cues may be a specific risk marker in high risk offspring for increasing anxiety but not depressive 
symptoms over time. 
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Introduction 

Fear can be easily acquired through a Pavlovian conditioning procedure (cf. Pavlov, 1927) in which an innocuous 
conditional stimulus, a CS (e.g., a car) is paired with an aversive unconditional stimulus, the UCS (e.g., an accident) 
and results in conditional fear reactions, CRs (e.g., fear to the car). Repeated presentation of the CS in the absence 
of the UCS leads to extinction, the gradual decrease of the CR (see Boschen, Neumann, & Waters, 2009 for a 
review). To date, most of this research in youth has examined differences in fear conditioning and fear extinction 
between clinically anxious versus healthy comparisons (Shechner et al., 2015). Far fewer studies have examined 
whether fear conditioning and extinction differences represent premorbid markers of risk for anxiety (Jovanovic et al., 
2014) and the extent to which such differences are accentuated in children with established vulnerability factors, 
such as parental psychopathology (Craske et al., 2008). Even fewer studies have examined whether impairments in 
fear conditioning and extinction in healthy and high risk samples prospectively predict increasing anxiety symptoms 
and diagnoses over time (Craske et al., 2012; Lenaert et al., 2014) and none of these longitudinal studies have 
focused on children. Given that offspring of parents with either anxiety or depressive disorders are at significantly 
increased risk for developing these disorders compared to offspring of parents without these disorders (Kashani & 
Orvaschel, 1990; Weismann et al., 1987), it would advance knowledge to determine whether an increased propensity 
to acquire conditioned fear responses and/or to experience difficulty reducing fear responses contributes to increased 
symptoms in offspring of parents with versus without emotional disorders. Therefore, the aim of this study was to 
determine whether differences in fear conditioning and extinction prospectively predicted emotional symptoms 12 
months later in children at high versus low risk for emotional symptoms due to maternal emotional disorders. 

Although effects have not always been consistent across physiological and self-report measures, an accumulating 
body of research has found that anxious compared to non-anxious youth exhibit elevated CRs to threat and safety 
cues during fear conditioning and extinction studies, as indexed by higher self-reported fear levels of the CS+ and 
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CS- in some studies (Lau et al., 2008, 2011; Shechner et al., 2015), larger skin conductance responses (SCRs) to 
the CS+ and during the same response window on CS- trials in other studies (Craske et al., 2008; Waters, Henry, & 
Neumann, 2009; Waters & Kershaw, 2015) and elevated fear-potentiated startle (FPS) to both the CS+ and CS- 
during acquisition phases in other work (Jovanovic et al., 2014). During extinction, anxious compared to non-anxious 
youth have been found to show larger SCRs and FPS to the CS+ (Liberman, Lipp, Spence, & March, 2006; Waters 
et al., 2009) as well as higher fear ratings and SCRs to both CSs (Craske et al., 2008; Lau et al., 2008). Such findings 
are generally consistent with large-scale meta-analyses across adult and youth samples (e.g., Duits et al., 2015), 
and accord with the view that anxiety results from a deficit in the inhibition of fear responses in the presence of safety 
cues (Davis, Falls, & Gewirtz, 2000; Jovanovic et al., 2014). However, the mechanisms underlying inhibitory 
impairments remain unclear and may be due to overgeneralization of threat responding to safety cues (Lissek et al., 
2010) and failure to effectively discriminate between threat and safety situations (Lenaert et al., 2014).  

Of the few studies that have examined the extent to which fear learning and extinction impairments constitute general 
markers of risk for anxiety among youth, Jovanovic et al. (2014) found that FPS magnitude to the safety cue (CS-) 
but not the threat cue (CS+) predicted child anxiety symptoms even after controlling for age and trauma exposure in 
low income children. Thus, elevated reactivity to safety cues may be a general marker of risk for anxiety among 
children. In terms of children at indicated risk for anxiety due to parental psychopathology, Grillon et al. (2005) found 
elevated FPS throughout a fear-potentiation phase that involved explicit safe and threat conditions in children of 
parents with compared to without major depressive disorder, and a gender-specific effect for larger FPS throughout 
the fear-potentiation phase in high versus low risk female grandchildren. Craske et al. (2008) similarly found that 
offspring of parents with anxiety disorders showed larger SCRs to the timing of the US on CS+ trials and at the same 
temporal window on CS- trials during fear conditioning (i.e., third interval SCRs), as well as larger orienting responses 
(i.e., first interval SCRs) to both CSs during extinction and extinction retest relative to low-risk comparisons. 
Furthermore, Waters, Peters, Forrest, and Zimmer-Gembeck (2014) found that offspring of mothers with emotional 
disorders (comorbid anxiety and depressive disorders) relative to low risk comparisons exhibited smaller anticipatory 
(second interval) SCRs on CS+ than CS- trials during fear acquisition, suggestive of withdrawal/disengagement from 
external threat cues, and like Craske et al. (2008), found that high risk offspring also exhibited larger orienting (first 
interval) SCRs to the CS+ compared to the CS- and to both CSs overall during fear extinction relative to low risk 
offspring. Thus, elevated reactivity to threat cues (CS+; US; danger conditions) and safe cues (CS-; safe conditions) 
characterises offspring of parents with emotional disorders. Such impairment in responding to safety cues has also 
been observed in adolescents at risk for emotional disorders due to high levels of neuroticism; i.e., increased levels 
of neuroticism were associated with larger FPS during explicitly safe phases but not imminent danger phases of a 
fear-potentiated startle experiment (Craske et al., 2009). 

However, the extent to which these differences in fear learning and extinction prospectively predict increasing 
symptoms and disorders over time in children and those at elevated risk has been scarcely studied. One study in 
non-selected adults found that after controlling for baseline anxiety, elevated responding to the CS− and not the CS+ 
during acquisition trials significantly predicted higher anxiety 6 months later (Lenaert et al., 2014). In another study, 
Craske et al. (2012) followed-up the cohort of adolescents in their 2009 study and found that FPS magnitude during 
safe phases, but not during danger phases, following delivery of the aversive stimulus significantly predicted the first 
onset of anxiety disorders over the ensuing four years. Moreover, prediction of the onset of anxiety disorders 
remained significant above and beyond the effects of comorbid unipolar depression, neuroticism, and subjective 
ratings of intensity of the aversive stimulus, suggesting that impaired responding to safety cues may be a general 
marker of risk among youth (Jovanovic et al., 2014). To date, there are no studies to the author’s knowledge that 
have prospectively studied whether differences in fear conditioning and extinction predict increasing symptoms over 
time among children at risk for emotional disorders due to maternal psychopathology. 

Therefore, the aim of the present study was to extend the small body of longitudinal research with adolescents and 
adults to examine fear conditioning and extinction and symptom development 12 months later in the sample of 
offspring of mothers with and without emotional disorders reported in Waters et al. (2014). Larger responses to threat 
stimuli (i.e., timing of the UCS on CS+ trials) and larger responses during safe stimuli (CS-) in temporal windows that 
are associated with the timing of the UCS on CS+ trials have been observed in offspring of mothers with compared 
to without anxiety disorders (e.g., Craske et al., 2008). However, only elevated responding to safe stimuli (i.e., CS-) 
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when temporally associated with threat (i.e., US on CS+ trials) and not responding on CS+ trials has been found to 
predict anxiety symptoms and diagnoses both cross-sectionally and longitudinally after controlling for baseline 
anxiety, age, trauma exposure, neuroticism and depression (e.g., Craske et al., 2012; Jovanovic et al., 2014; Lenaert 
et al., 2014). Elevated responding to safe stimuli may be a general marker of risk for anxiety. Therefore, based on 
these prior studies, the present study tested the hypothesis that larger third interval SCRs to the CS- during 
acquisition (temporally associated with the timing of the UCS on CS+ trials) would predict increased anxiety 
symptoms in children 12-months later. Specific hypotheses regarding the predictive effects of responding during CS+ 
trials could not be formulated on the basis of prior longitudinal studies (e.g., Craske et al., 2012; Jovanovic et al., 
2014; Lenaert et al., 2014). However, on the basis that offspring of mothers with anxiety disorders have been found 
to exhibit elevated responses to threat stimuli (i.e., third interval SCRs to the UCS on CS+ trials) and impairment in 
reducing responses to the CS+ during extinction (i.e., first interval SCRs on CS+ trials) relative to low risk offspring 
(Craske et al., 2008; Waters, Peters et al., 2014, it was examined whether larger third interval SCRs to the CS+ 
during acquisition (i.e., the timing of the UCS on CS+ trials) and first interval SCRs during extinction predicted higher 
anxiety symptoms in high-risk offspring but not in healthy comparisons. These effects were expected to be specific 
to increases in offspring anxiety symptoms with no significant associations observed for depression (Craske et al., 
2012). 

Method 

Participants 

The original sample described in Waters et al. (2014) included 57 children (Mean age: 9.7 years): 31 low-risk children 
(14 boys; 17 girls) (mothers and children without psychiatric disorders) and 26 high-risk children without psychiatric 
disorders but whose biological mothers met criteria for an emotional disorder/s according to DSM-IV criteria 
(American Psychiatric Association, 2004). Mothers of 14 high-risk offspring (7 boys; 7 girls) had a principal diagnosis 
during their lifetime (i.e., most severe) of an anxiety disorder (generalised anxiety disorder, obsessive-compulsive 
disorder, social phobia, specific phobia, panic disorder, separation anxiety disorder and post-traumatic stress 
disorder) and mothers of 12 high-risk offspring (4 boys; 8 girls) had a principal diagnosis of major depressive disorder 
(MDD) during their lifetime. High risk offspring were considered as a group to maximise power because of high 
comorbidity between anxiety and depressive disorders in all mothers and given that both familial anxiety and 
depressive disorders have been associated with offspring impairment in reactivity to threat and safety cues (Craske 
et al., 2008; Grillon et al., 2005).  

Initial (Time 1) 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 original 57 children, 23 of 
the 26 high risk offspring and 23 of the 31 low risk comparisons were contactable and agreed to participate in the 12 
month assessment. All children lived with their biological mother. None of the children were on medication or receiving 
psychotherapy for any psychiatric disorder at the initial or follow-up assessments. The study was approved by the 
Griffith University Human Research Ethics Committee.  

Measures 

Maternal diagnostic status 

The Anxiety Disorders Interview Schedule for DSM-IV, Lifetime Version (ADIS-IV-L; Brown, DiNardo & Barlow, 1994) 
was administered with mothers at Time 1 either face-to-face or over the telephone by clinical postgraduate students 
who had undergone specialised training in administering the ADIS-IV-L. All ADIS-IV-L diagnoses were reviewed in 
supervision and 20% of all interviews were audiotaped and coded by an independent rater for reliability purposes. 

Inter-rater reliability was excellent (e.g., principal diagnosis  = .89; second diagnosis  = 0.82).  
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Child diagnostic status 

The Anxiety Disorders Interview Schedule for DSM-IV, Parent version (ADIS-P-IV; Silverman & Albano, 1996) was 
administered over the telephone at Time 1 and Time 2 (12 months later) by postgraduate clinical students trained by 
clinical psychologists experienced in anxiety assessment and ADIS administration and reviewed in supervision. 
Different interviewers were used at each time point and were blind to children’s prior diagnostic profile and responses 
during the Pavlovian conditioning and extinction task. Twenty percent of interviews at each time-point were audio-
taped and coded by an independent rater blind to children’s diagnostic status. Inter-rater reliability showed excellent 

agreement for both disorders present and absent (e.g., disorders present: principal diagnosis  = .84; second 

diagnosis  = 0.83; third diagnosis  = 0.85). 

Child symptom measures 

The Spence Children’s Anxiety Scale, Parent and Child version (SCAS-P & SCAS-C; Spence, 1998) was 
administered at both time-points to provide continuous measures of symptoms over time. 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, Orvaschel, & Padian, 
1980) was administered at both time-points to provide continuous measures of symptoms over time. Scores range 
from 0-60 with total score of 15 or higher considered to be clinically significant. The CES-DC has adequate reliability 
and validity (Faulstich, Carey, Ruggiero, Enyart & Gresham, 1986).  

Life stress and trauma events 

Mothers completed a screen for stressful life events and trauma events experienced by their child during the 12 
months between assessments. The screen contained 8 items relating to stressful life events (parent/family conflict, 
death/loss, friendship, achievement (e.g., academic, sport), family finances, self/family health, neighbourhood 
safety/violence; other events) based on chronic and episodic life stress events covered in the Life Stress Interview 
(e.g., Adrian & Hammen, 1993), and 7 items used in the ADIS-C-IV PSTD module relating to traumatic events (e.g., 
accident, weather, witnessing death/injury, abuse). Two scores were obtained for each child ranging from 0-8 and 0-
7 for the incidence of life stress and trauma events respectively. 

Conditioning and Extinction Task 

The US was an unpleasant 1-s, 1000-Hz pure tone set at 100 dB and delivered through Sony stereophonic 
headphones. It is a high-pitched, continuous sound for 1-s without overtones that is unpleasant but safe for human 
hearing. 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 8s, either to the left or right of a central 
fixation cross to herald the start of each trial. The geometric shapes were presented equal number of trials, on a Dell 
19” colour monitor. There were 8 CS+ and 8 CS- trials during the acquisition phase and 4 CS+ and 4 CS- trials during 
the extinction phase, all presented in random order for each participant with the constraint 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-. Each 
trial lasted 8s and the US was presented at 7s on every CS+ trial during acquisition and never during extinction.  

Skin conductance responses (SCR) were recorded during 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 digitized and sampled online using the LabVIEW programming software (Version 7; National Instruments 
Corporation, 2003) which was installed on a Dell Precision workstation computer. SCR data was DC amplified at 
2000 Hz. Children also provided subjective valence and arousal ratings of the CSs before and after the acquisition 
and extinction phases using 0-9 rating scales, and contingency awareness was assessed after the acquisition phase 
by asking participants if they noticed whether the tone was presented with a shape and if so, which one. Answers 
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were recorded verbatim and participants were deemed to be aware of the CS+ /US contingency if they identified the 
correct shape paired with the tone (see Waters et al., 2014).  

Procedure 

Time 1 

Mothers contacting the research team were screened and if eligible, returned the completed parent consent form in 
the post and completed the ADIS-P-IV in a separate interview (Silverman & Albano, 1996). If the child did not meet 
criteria for any psychological disorder, the mother was then assessed with the ADIS-IV-L (Brown et al., 1994) 
regarding their own current and past psychiatric status during a separate interview. 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 and mothers attended a laboratory session in which the child provided assent to participate and completed 
the fear acquisition and extinction task as well as questionnaires. Mothers completed questionnaires during this time. 
The experimental session lasted 1.5 hours.  

Time 2 

Twelve months after each dyad was assessed, they were recontacted and agreeing families attended a second 
session during which mothers completed the ADIS-P-IV and the stress and trauma events screen regarding their 
child, and both mothers and children completed questionnaires with another interviewer blind to children’s previous 
diagnostic profile and performance on the Pavlovian conditioning and extinction task. All diagnostic assessments 
were reviewed in supervision to establish consensus on diagnoses and CSRs. 

Statistical Analyses, Data Screening and Response Definitions  

Data screening and response definitions 

After standard data screening procedures, the magnitude of the phasic SCR elicited during each CS was scored 
within three latency windows as the distance between the trough and apex of the curve, expressed in microsiemens 

(S). First interval responses were those that began 1-4 s following onset of the CS and reflect initial orienting to the 

signal value of the CS that is enhanced during CSs paired with a US (Öhman, 1983) and serves a vital role in human 
defensive behaviour (Bradley, 2009). Second interval responses reflect anticipation of the UCS (Öhman, 1983; 
Prokasy & Ebel, 1967), and began 4-7 s following CS onset. Third interval responses began 7-11 s following CS 
onset (Prokasy & Kumpfer, 1973) and provide a means to examine responses to the UCS on CS+ trials and the 
effects of US omission for CS- trials. All SCR data were transformed using a square root transformation to normalise 
the distributions (Venables & Christie, 1980) (see Waters et al., 2014 for details). As specific hypotheses could not 
be formulated regarding group differences in subjective ratings of the CSs as prior longitudinal studies have not 
included these measures and omnibus analyses revealed no significant differences, these data were not reported 
further.1 

Analyses 

Separate analyses were conducted to examine predictions of anxiety and depression symptoms from acquisition and 
extinction SCRs and Risk Group. As SCAS-C and SCAS-P total scores were significantly correlated at Time 1 (r = 
.45, p = .04) and Time 2 (r = .59, p < .001) as found in previous studies (Nauta et al., 2004; r = .49 - .51), they were 

                                                      
 
1 Results of the omnibus analyses of the CS arousal and valence ratings can be obtained from the author. 
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averaged to form one anxiety symptom measure at each time point to simplify the number of analyses given there 
were no hypothesis-driven expectations of differences in outcomes as a function of the informant.2 

The regression model predicting anxiety symptoms was estimated using Time 2 SCAS-C/P total scores as the 
dependent variable, and Time 1 SCAS-C/P total scores, Risk Group (dummy coded 0 = low risk; 1 = high risk) and 
FIR, SIR, and TIR SCRs as well as the respective interaction terms with Risk Group in separate models for the 
acquisition and extinction data. The regression model predicting depression symptoms was estimated using Time 2 
CES-DC scores as the dependent variable, and Time 1 CES-DC scores, Risk Group (dummy coded 0 = low risk; 1 
= high risk) and FIR, SIR, and TIR SCRs as well as the respective interaction terms with Risk Group in separate 
models for the acquisition and extinction data. Chi-square and Fisher’s exact tests as well as mixed factorial analyses 
of variance (ANOVA) were used to compare groups on initial demographic and symptoms measures over time. Partial 
eta squared (ηp

2) was estimated as a measure of effect size. 

Table 1: Descriptive demographic and symptom measures as a function of group 

Measure Low Risk 

N = 23 

High Risk 

N = 23 

     

Age (Y. M) 9.8 

(1.04) 

10.3 

(1.70) 

     

Gender (M: F) 14:9 10:13 

     

  

Time 1 

 

 

Time 2 

 

Time 1 

 

Time 2 

Children with Diagnoses (%) 0 (0%) 3 (13%) 0 (0%) 3 (13%) 

     

CES-DC * 
12.7 

(7.7) 

14.8 

(5.3) 

10.9 

(5.5) 

14.6 

(8.0) 

     

SCAS-C/P * 
18.4 

(10.6) 

14.6 

(11.0) 

17.0 

(7.8) 

14.2 

(6.9) 

     

* Time main effect, p < .001. 

Results 

Group comparisons 

There were no significant between-group differences in children’s age, t(44) = 1.29, p = .21 or gender composition, 
χ2 = 1.40, p = .24 (Fisher’s exact test), or parental marital status, χ2 = 1.82, p = .22 (Fisher’s exact text). The Time x 
Group mixed factorial ANOVA of SCAS-C/P and CES-DC symptoms revealed significant Time main effects, F(1, 44) 
= 21.19, p < .001, ηp

2 = .34 and F(1, 44) = 6.52, p = .014, ηp
2 = .14 respectively. This reflected significant decreases 

in child anxiety symptoms and significant increases in child depression symptoms from Time 1 to Time 2 (see Table 
1). However, the Time x Group interaction for each measure was not significant, F(1, 44) = 0.89, p = .34, ηp

2 = .01 
and F(1, 44) = 0.56, p = .45, ηp

2 = .01. Thirteen percent of children in each group had developed an anxiety disorder 

                                                      
 
2 Results were the same using SCAS-C and SCAS-P in separate analyses. Results of separate analyses can be obtained from the 
author. 
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by Time 2, χ2 = .00, p = 1.00 (Fisher’s exact test) (see Table 1) (GAD = 2, Separation Anxiety Disorder = 1, Specific 
Phobia = 2; Social Phobia = 1). The incidence of parent-reported child life stress and trauma events during the follow-
up period was low overall and non-significant between groups (life stress events: low risk: M = 0.91; SD = 1.04; high 
risk: M = 1.48; SD = 1.70; trauma events: low risk: M = 0.04; SD = 0.21; high risk: M = 0.00; SD = 0.00), t(44) = 1.36, 
p = .18 and t(44) = 1.00, p = .32 respectively. There also were no significant correlations between stress and trauma 
events and SCRs within the high risk group, (all r’s < .29), or the low risk group (all r’s < .38). Mothers of high risk 
offspring had significantly higher STAI Trait scores (M = 37.8; SD = 8.6) compared to the low risk group (M = 28.9; 
SD = 6.2), significant Group main effect, F(1, 44) 9.22, p = .001; the Time main effect and the Time x Group interaction 
were not significant, both F < 2.99, p > .06. 

Prediction of Time 2 anxiety symptoms 

Acquisition 

Correlations estimated to examine bivariate relationships of children’s anxiety symptoms, SCRs during acquisition, 
and Risk Group revealed significant positive correlations between Time 1 and Time 2 child anxiety symptoms, 
between Risk Group and Time 2 child anxiety symptoms, and between FIRs and TIRs to the CS- and SIRs to the 
CS+ and Time 2 child anxiety symptoms (see Table 3). No other significant correlations emerged.   

Table 2: Correlations involving children’s self-reported anxiety symptoms and acquisition data. 

Measure 1 2 3 4 5 6 7 8 9 

1. Time 1 anxiety -         

2. Time 2 anxiety .77*** -        

3. Risk Group -.02 -.25* -       

4. FIRs CS+ .03 .22 -.11 -      

5. FIRs CS- .13 .35** -.19 .75*** -     

6. SIRs CS+ .09 .25* -.01 .56*** .54*** -    

7. SIRs CS- .02 -.09 .12 .31* .37** .08 -   

8. TIRs CS+ -.04 .07 .09 .44*** .61*** .31* .41** -  

9. TIRs CS- .01 .40** -.18 .64*** .81*** .59*** .30* .54*** - 

             

M    18.22 14.43 -b .29 .20 .13 .13 .72 .21 

             

(SD)    (9.22) (8.64)  (.24) (.18) (.16) (.13) (.26) (.16) 

             

* p <.05; ** p < .01; *** p <.001 b = dichotomous variable; point biserial correlation reported. 

A hierarchical regression model was fit (see Table 3), controlling for Time 1 child anxiety symptoms in Step 1, and 
entering Risk Group, FIRs, SIRs, TIRs and the respective interaction terms with Risk Group in Step 2. This model 
revealed a regression equation that accounted for 79% of the variance in Time 2 child anxiety symptoms, F(14, 31) 
= 8.84, p < .001. In Step 1 which accounted for 58% of the variance, Time 1 child anxiety symptoms significantly 
predicted Time 2 child anxiety symptoms. However, Step 2 accounted for 21% of additional variance, with Time 1 
anxiety symptoms as well as TIRs to the CS- found to be unique significant predictors. This indicated that more Time 
1 anxiety and larger third interval SCRs to the CS- were each significantly associated with higher child anxiety 
symptoms 12 months later, regardless of Risk Group.  

In addition, the interaction between FIRs to the CS+ and Risk Group was significant (see Table 2). Separate 
regressions found a significant model in the high risk group accounting for 46% of the variance, F(2, 20) = 10.27, p 
= .001. Time 1 child anxiety symptoms (B = .59; t = 4.39, p < .001) and acquisition FIRs to the CS+ (B = 11.28; t = 
2.12, p = .046) significantly predicted Time 2 child anxiety symptoms (controlling for Time 1 anxiety symptoms). The 
significant model in the low risk group, F(2, 20) = 31.10, p < .001, was due to Time 1 child anxiety symptoms (B = 
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.59; t = 4.39, p < .001), but not FIRs to the CS+ (B = 2.43; t = .60, p = .55) significantly predicting Time 2 child anxiety 
symptoms. 

Table 3: Results of a hierarchical regression of children’s self-reported anxiety symptoms and acquisition data. 

Independent Variables B SE B β 

Step 1: Adj R2 = .58, F(1, 44) = 63.12** 
  

Time 1 anxiety symptoms 0.72 0.09 .77** 

Step 2: Adj R2 = .21, F(13, 31) = 2.51*   

Time 1 anxiety symptoms 0.73 0.08 .77** 

Risk Group 0.40 2.29 0.12 

FIRs to CS+ -3.68 5.47 -0.10 

FIRs to CS- 7.79 12.55 0.16 

SIRs to CS+ -11.83 19.33 -0.22 

SIRs to CS- -7.30 12.11 -0.11 

TIRs to CS+ -3.16 5.47 -0.10 

TIRs to CS- 25.34 12.20 0.47* 

Group x FIRs CS+ 22.76 11.14 0.51* 

Group x FIRs CS- -23.63 22.42 -0.34 

Group x SIRs CS+ 6.30 20.74 0.11 

Group x SIRs CS- -11.57 14.37 -0.17 

Group x TIRs CS+ 4.45 8.49 0.21 

Group x TIRs CS- -13.72 17.04 -0.22 

    
Note: Final R2 = .79, F(14, 31) = 8.84, p < .001 

* < .05; ** < .001;  

Extinction 

Correlations were estimated to examine bivariate relationships of children’s anxiety symptoms, SCRs during 
extinction and Risk Group. In addition to the significant positive correlations between Time 1 and Time 2 child anxiety 
symptoms and Risk Group and Time 2 child anxiety symptoms, significant associations were found between FIRs to 
the CS+ and the CS- and Time 2 child anxiety symptoms (see Table 4). Although the full regression model was 
significant, F(14, 31) = 6.93, p < .001, accounting for 75% of the variance, this was due to children’s Time 1 anxiety 
symptoms (58%), with extinction SCRs failing to significantly contribute to the variance in Time 2 child anxiety 
symptoms (17%) (see Table 5). 
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Table 4: Correlations involving children’s self-reported anxiety symptoms and extinction data. 

          

Measure 1 2 3 4 5 6 7 8 9 

          

1. Time 1 anxiety -         

2. Time 2 anxiety .77*** -        

3. Risk Group -.02 -.25* -       

4. FIRs CS+ .13 .25* .10 -      

5. FIRs CS- .08 .26* -.24 .41** -     

6. SIRs CS+ -.12 .10 -.17 .30* .51*** - -   

7. SIRs CS- -.01 .12 -.01 .30* .42** .19 -   

8. TIRs CS+ .00 .05 .13 .36** .36** .36** .42** -  

9. TIRs CS- -.04 .06 .20 .40** .16 .38** .32* .59*** - 

          

M    18.22 14.43 -b .20 .14 .11 .14 .18 .14 

(SD)    (9.22) (8.65)  (.19) (.17) (.15) (.18) (.19) (.15) 

             

* p <.05; ** p < .01; *** p <.001 b = dichotomous variable; point biserial correlation reported. 

Table 5: Results of a hierarchical regression of children’s self-reported anxiety symptoms and extinction data 

Independent Variables B SE B β 

Step 1: Adj R2 = .58, F(1, 44) = 63.11** 

Time 1 anxiety symptoms 0.72 0.09 .77** 

Step 2: Adj R2 = .17, F(13, 31) = 1.66 

Time 1 anxiety symptoms 0.73 0.08 .77** 

Risk Group -3.41 2.54 -0.2 

FIRs to CS+ 14.12 10.66 0.32 

FIRs to CS- -9.49 9.73 -0.19 

SIRs to CS+ 6.66 10.5 0.12 

SIRs to CS- 8.27 9.19 0.17 

TIRs to CS+  -6.63 11.44 -0.15 

TIRs to CS- 8.7 12.35 0.15 

Group x FIRs CS+ -17.65 12.69 -0.38 

Group x FIRs CS- 23.1 14.33 0.27 

Group x SIRs CS+ 17.39 15.74 0.19 

Group x SIRs CS- -5.63 11.23 -0.09 

Group x TIRs CS+ 6.4 13.43 0.14 

Group x TIRs CS- -14.61 15.92 -0.24 

Note: Final R2 = 0.75, F(14, 31) = 6.93, p < 0.001 

* < .05; ** < .001  
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Prediction of Time 2 depression symptoms 

Acquisition 

Correlation analyses found a significant association between Time 1 and Time 2 depression symptoms but no 
significant correlations between SCRs, Risk Group and Time 2 depression symptoms (see Table 6). However, the 
full hierarchical regression model was not significant, F(14, 31) = 1.09, p = .40. 

Table 6: Correlations involving children’s self-reported depression symptoms and acquisition data. 

Measure 1 2 3 4 5 6 7 8 9 

1. Time 1 depression - 
   

2. Time 2 depression 0.37** - 
  

3.  Risk Group -0.12 -0.02 - 
  

4.  FIRs CS+ -0.2 -0.09 -0.13 - 
  

5.  FIRs CS- -0.2 0.08 -0.19 0.75*** - 
  

6.  SIRs CS+ -0.14 0.11 -0.01 0.56*** 0.54*** - 
  

7.  SIRs CS- -0.24 0.02 0.12 0.31* 0.37** 0.08 - 
 

8.  TIRs CS+ -0.32* -0.08 0.09 0.44*** 0.61*** 0.31* 0.41** - 

9.  TIRs CS- -0.1 0.12 -0.18 0.64*** 0.81*** 0.59*** 0.30* 0.54*** - 

M 12 14.65 -b 0.29 0.2 0.13 0.13 0.72 0.21 

(SD) -6.52 -6.29 -0.24 -0.18 -0.16 -0.13 -0.26 -0.16 

     
* p <.05; ** p < .01; *** p <.001 b = dichotomous variable; point biserial correlation reported. 

Extinction 

In addition to the significant correlation between Time 1 and Time 2 depression, correlation analyses found a 
significant association between extinction FIRs to the CS- and Time 2 depression symptoms (see Table 7). However, 
the full hierarchical regression model was not significant, F(14, 31) = 1.97, p = .06. 

Discussion 

This preliminary study of the extent to which conditioned responses to threat cues and safety cues predicted 
increased anxiety and/or depression symptoms in children at 12-month follow-up revealed two major findings. First, 
larger third interval SCRs to the CS- during acquisition significantly predicted higher anxiety symptoms in all children 
12 months later. Second, larger first interval SCRs to the CS+ during acquisition significantly predicted higher anxiety 
symptoms 12 months later in high risk children but not healthy comparisons. Contrary to hypotheses, third interval 
SCRs on CS+ trials (i.e., responding to the UCS) and first interval SCRs to the CS+ during extinction were not 
significant predictors of Time 2 child anxiety symptoms. Finally, neither acquisition nor extinction SCRs significantly 
predicted Time 2 depression symptoms. Bearing in mind the limitations associated with sample size in this preliminary 
study, the present results suggest that elevated responding to safety cues in all children and elevated conditioned 
responding to threat cues in offspring of mothers with emotional disorders are unique predictors of anxiety but not 
depression symptoms 12 months later. 
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Table 7: Correlations involving children’s self-reported depression symptoms and extinction data. 

Measure  1 2 3 4 5 6 7 8 9 

          

1. Time 1 depression -         

2. Time 2 depression .37** -        

3. Risk Group  -.12 -.02 -       

4. FIRs CS+  .01 .02 .10 -      

5. FIRs CS-  -.12 -.31* -.24 .41** -     

6. SIRs CS+  -.26* -.12 -.17 .30* .51*** -    

7. SIRs CS-  -.19 .12 -.01 .30* .42** .19 -   

8. TIRs CS+  -.19 .08 .13 .36** .36** .36** .42** -  

9. TIRs CS-  -.10 .23 .20 .40** .16 .38** .32* .59*** - 

           

M  12.00 14.65 -b .20 .14 .11 .14 .18 .14 

           

(SD)  (6.52) (6.30)  (.19) (.17) (.15) (.18) (.19) (.15) 

* p <.05; ** p < .01; *** p <.001 b = dichotomous variable; point biserial correlation reported. 

The finding that larger third interval SCRs to the CS- predicted increasing anxiety symptoms in all children (and no 
such finding was observed for depression) is consistent with prior longitudinal research with adults and adolescents 
finding that larger responses to safety cues significantly predicted higher anxiety symptoms 6 months later (Lenaert 
et al., 2014) and the onset of anxiety (and not depression disorders) over a four-year follow-up period (Craske et al., 
2012). Such findings may accord with the view that anxiety results from a deficit in the inhibition of fear responses in 
the presence of safety cues (Davis et al., 2000; Jovanovic et al., 2014). However, it is unclear whether such effects 
are due to overgeneralization of threat responding to safety cues (Lissek et al., 2010) or failure to effectively 
discriminate between threat and safety situations (Lenaert et al., 2014).  

One notable finding in the present study was that the predictive effects of elevated responding to safety cues emerged 
only in third interval SCRs to the CS-, the temporal window of CS- trials most closely aligned to the temporal window 
in which the UCS was delivered on CS+ trials. Several studies have documented elevated responding to the CS- in 
third interval SCRs (Craske et al., 2008; Waters et al., 2009; Waters & Kershaw, 2015) and larger FPS during stages 
of safe phases most closely aligned with imminent threat stages of danger phases in fear-potentiation paradigms 
(Craske et al., 2009). These findings suggest that elevated responding to safety cues occurred because of the 
temporal similarity between the most salient phase of CS+ trials (UCS delivery) and the respective phase on CS- 
trials (see Bennett, Vervoort, Boddez, Hermans, & Baeyens, 2015). As SCR indexes arousal, larger third interval 
responses on CS- trials might reflect a greater relief response with the absence of the UCS or more uncertainty about 
whether the UCS would be presented again. Regardless, elevated responding during CS- trials is maladaptive 
because there is no reason to expect the UCS, particularly in the current experiment where 100% of CS+ trials were 
reinforced and the expectation of threat was highly predictable on CS+ trials. This suggests that children who do not 
utilise all the information available to them in the learning situation to align responding appropriately to the situational 
demands may be those at risk of elevated responding to safety cues and anxiety symptoms over time. A recent study 
showed that children who avoided allocating attention to threat stimuli exhibited larger third interval SCRs on CS- 
trials relative to children who attended to threat stimuli (Waters & Kershaw, 2015). Avoiding attending to the threat 
salient features of trials (i.e., in this case the latter stages of CS+ trials) might interfere with establishing the unique 
and distinct features of the CS+ that differentiate it from the CS- and thus lead to generalised arousal increases at 
the end of all trials including the CS- which in turn specifically predicts increasing anxiety symptoms 12 months later. 
Given the preliminary nature of this study, replication of the present findings are required before firm conclusions can 
be reached. It would be instructive in future studies to include measures of attention bias and eye gaze during 
conditioning and extinction and to assess these measures in conjunction with anxiety development over time.  
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The finding that larger first interval SCRs to the CS+ during acquisition significantly predicted increasing anxiety 
symptoms in high risk offspring and not healthy comparisons at 12 month follow-up is a novel finding. High risk 
offspring of anxious parents have been found cross-sectionally to show elevated first interval SCRs to the CS+ 
relative to healthy comparisons (Craske et al., 2008) reflective of an orienting response to the signal value of the CS 
(Bradley, 2009; Öhman, 1983). Functionally, the orienting response is a vital part of defensive behaviour aimed at 
rapidly shifting attention to the salient stimulus in order to determine its significance, facilitate more elaborative 
processing and appropriate response selection (see Bradley, 2009). The present first interval SCR finding may be in 
line with behavioural evidence of enhanced orienting of attention towards masked threatening stimuli in anxious 
adults and youth (Mogg & Bradley, 2002; Mueller et al., 2012) and attention allocation biases towards threat at very 
short stimulus durations in high risk youth due to parental emotional disorders (Montagner et al., 2015). Such findings 
suggest that increased orienting to threat-related stimuli may be a risk factor that contributes to increased anxiety 
over time in high risk offspring. Additional research is needed with larger samples that replicates this finding and 
seeks to determine the specific factors among mothers with emotional disorders that influences offspring orienting to 
threat and contributes to increasing anxiety symptoms over time.  

In contrast to expectations, extinction SCRs did not predict increasing anxiety symptoms over time. It was noteworthy 
that the incidence of parent-reported stress and trauma events during the follow-up period was low overall among 
children, non-significantly different between groups and unrelated to acquisition or extinction SCRs. Impairments in 
extinction learning might contribute to offspring anxiety only after real-life fear conditioning events have taken place 
and the need to engage extinction mechanisms has occurred among children. Adult studies have found that impaired 
extinction responding before military deployment and fire-fighting duties predicted subsequent post-traumatic stress 
disorder symptom severity beyond the degree of exposure to stressors during active duty (Guthrie & Bryant, 2006; 
Lommen, Engelhard, Sijbrandij, van den Hout, & Hermans, 2013). Rodent research has found that the timing of both 
fear acquisition and fear extinction during adolescence was the key determinant of impaired extinction retention rather 
than developmental timing of either fear acquisition or fear extinction (Baker & Richardson, 2015). Other studies also 
found that extinction was more resistant to return of fear mechanisms in juvenile than adolescent and adult rats (Kim 
& Richardson, 2010). Furthermore, although not a significant predictor of symptoms at follow-up, the present study 
found that larger first interval SCRs to the CS- were significantly associated with lower depression symptoms 12-
months later. Taken together, such findings suggest that the timing of conditioning and extinction experiences across 
development might differentially predict anxiety and depression symptoms over time. A longer-term follow-up of 
children in the present study beyond 12 months would be valuable for determining whether extinction responding 
predicts symptoms at later stages of development. Large-scale, prospective studies are needed that examine 
conditioning and extinction effects within and across developmental stages. 

Future studies should take into account other limitations of the present study. The sample size was small which 
limited the power in this study. Also, parent-child dyads were primarily recruited through the community rather than 
mental health clinics which limit the generalizability of findings. 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 effect 
of timing of maternal disorders/episodes during their child’s lifetime to assess associations with other learning-related 
pathways (e.g., vicarious conditioning, threat instruction). Mothers of high-risk offspring had co-occurring disorders 
that cut across anxiety and depression diagnostic categories. Since some evidence suggests that responding may 
differ in anxious individuals with versus without co-occurring depression (Melzig et al., 2007; Montagner et al., 2015), 
further studies with larger samples would enable the effects of mothers’ cross-category comorbidity to be examined. 
The present study found very few cases of emotional disorder diagnoses in offspring at the 12-month follow-up (13%) 
and a significant correlation reflecting on the low risk group reporting increasing anxiety symptoms at 12-month 
follow-up even though the overall analyses comparing groups over time was not significant. Thus, following both high 
and low risk children over a longer follow-up into adolescence will be important in future research (Craske et al., 
2012). The present study utilised a relatively mild UCS (aversive tone) and only assessed SCRs to index physiological 
responding. Future studies should consider a more aversive UCS and the inclusion of startle eye blink responses 
(Lau et al., 2011; Jovanovic et al., 2014). Finally, there are differing opinions in the literature about whether to use 
entire interval or multiple window responding when scoring SCRs (see Pineles, Orr, & Orr, 2009). However, more 
recent studies have presented evidence to suggest that multiple window scoring, which was used in the original 
Waters et al., (2014) paper, has some advantages over entire interval responding (Luck & Lipp, 2016).  
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In summary, this preliminary study is the first to the author’s knowledge to examine whether physiological indices of 
fear conditioning and extinction predict emotional symptoms in children at high versus low risk for emotional disorders 
over time. It was found that elevated responding to safety cues predicted higher anxiety symptoms in all children 12 
months later, and that the magnitude of conditioned orienting responses to threat cues in offspring of mothers with 
emotional disorders but not healthy comparisons predicted increased child anxiety symptoms 12 months later. The 
present study extends prior cross-sectional and longitudinal research and highlights the role of fear learning 
impairments as critical vulnerability markers of anxiety in children. 
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