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Intergenerational transmission of anxiety: linking
parental anxiety to infant autonomic hyperarousal
and fearful temperament
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Background: Autonomic hyperarousal has been proposed as a dispositional risk factor for anxiety disorders (ADs).
Therefore, we studied physiological arousal in offspring of fathers and mothers with and without ADs and whether
infant hyperarousal predicts subsequent fearful temperament. Methods: Infants (V= 128; age = 4 months) did a
novel stimuli task (exposure to visual, olfactory, and acoustic stimuli and an unfamiliar male) and a habituation task
(exposure to a repeated acoustic stimulus). Heart rate (HR) and heart rate variability (HRV) were measured during
baseline, stimuli and post-stimuli rest. Parents’ AD status and severity were measured using a diagnostic interview
and their fearful temperament using a questionnaire. Child fearful temperament was measured at 4 months, 1 year
and 2.5 years with observations during structured tasks. Results: Parents’ fearful temperament (significant in the
habituation task), AD status (significant in the novel stimuli task) and AD severity (significant in both tasks)
predicted a higher HR in their infants. Infants’ higher HR reactivity to novel stimuli and diminished HR recovery at
4 months predicted a more fearful temperament during infancy and toddlerhood. Infants’ higher HR at 4 months
predicted a more fearful temperament at 2.5 years. Conclusions: Parental prenatal anxiety (disorders) predicted
infants’ autonomic arousal, which in turn predicted later fearful temperament in children. Outcomes suggest that
autonomic hyperarousal is a dispositional risk factor of ADs. Keywords: Behavioural inhibition; fearful
temperament; habituation; heart rate; heart rate variability.

Autonomic hyperarousal is reflected in excessive
sympathetic activation and/or diminished parasym-
pathetic activation (Friedman, 2007). This deviant
activation of the nervous system is thought to arise
from deviant functioning of the limbic system, which
is connected to peripheral sympathetic and
parasympathetic nerves (Bradley & Lang, 2007;
Cannon, 1914; Kaltsas & Crousos, 2007). A rise in
sympathetic activity is usually reflected in a rise in
heart rate (HR) and skin conductance, and dimin-
ished parasympathetic activation is indexed by
reduced heart rate variability (HRV) in the high-
frequency domain (Berntson, Quickley, & Lozano,
2007; Dawson, Schell, & Filion, 2007).

Autonomic hyperarousal associated with fear or
anxiety may manifest itself in various ways. Accord-
ing to Kagan, Reznick, and Snidman (1987), a
chronic state of autonomic hyperarousal, a charac-
teristic of a fearful temperament, stems from a lower
threshold for limbic activation. Chronic, or tonic,
autonomic hyperarousal is visible in a resting state
(Kagan et al., 1987). Physiological hyperarousal may
also become apparent as increased reactivity and/or
delayed recovery in low threat situations (i.e. novel or
challenging situations), that is phasic autonomic
hyperarousal (Kagan, et al., 1987). Alternatively,
autonomic hyperarousal may occur when physiolog-
ical habituation to repetitive stimuli is impaired.
Turner, Beidel, and Epstein (1991) proposed
impaired physiological adaptation to the environ-
ment, which is reflected in impaired physiological
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Introduction
Worldwide, anxiety disorders (ADs) are the most
prevalent mental disorders, with annual prevalence
rates ranging from 2% to 18% (WHO Mental Health
Survey Consortium, 2004). Because of their adverse
consequences on individual well-being (e.g. poor
health, impaired social relationships and impaired
societal functioning; see Olatunji, Cisler, & Tolin,
2007, for a review) and high societal costs (e.g.
Gustavsson et al., 2011), there is a strong need to
understand causal pathways to ADs in order to
improve early detection, prevention and treatment.
Anxiety disorders run in families, and the inter-
generational transmission of ADs is attributable to
various family factors (see Rapee, 2012, for an
overview). Of these family factors, genetic factors
are relevant as heritability estimates vary from 30%
to 73% for ADs (Bolton et al., 2006; Hettema, Neale,
& Kendler, 2001) and from 65% to 74% for anxiety
symptoms (Ask et al., 2014). Several decades ago,
autonomic hyperarousal was proposed as a marker
of genetic vulnerability to ADs (Kagan, Reznick &
Snidman, 1987). Given that fear learning is associ-
ated with an increase in autonomic arousal that is
mediated by the limbic system in the brain (Olsson &
Phelps, 2007), assessing autonomic hyperarousal as
a predisposition of anxiety development may
advance insight in aetiological pathways to ADs.
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Empirical evidence for autonomic hyperarousal as
a characteristic of a fearful temperament has been
accumulating (see Fox, Henderson, Marshall,
Nichols & Ghera, 2005, for a review), as is the
evidence for autonomic hyperarousal as a risk factor
for developing ADs (e.g. Schmitz, Kramer, Tuschen-
Caffier, Heinrichs, & Blechert, 2011; Schmitz,
Tuschen-Caffier, Wilhelm, & Blechert, 2013). How-
ever, the majority of studies have cross-sectional
designs and/or included children who had already
developed an AD, making them unsuitable to distin-
guish between the potential predisposing versus
maintaining roles of autonomic hyperarousal in
ADs. Studies using a high-risk or a prospective
design deliver stronger results, as they relate pre-
morbid characteristics to either ADs in parents or
presence of an AD later in life in the child itself.

So far, several studies using a high-risk design
found evidence for autonomic hyperarousal as a
genetic vulnerability to develop ADs (Grillon, Dier-
ker, & Merikangas, 1997; Merikangas, Avenevoli,
Dierker, & Grillon, 1999; Turner, Beidel, & Rober-
son-Nay, 2005). Turner et al. (2005) reported evi-
dence for higher tonic sympathetic activity in
offspring of parents with ADs, as they showed more
spontaneous galvanic skin responses (GSRs) during
baseline than offspring of parents without ADs (total
N=90, age: 7-12 years). Grillon et al. (1997) and
Merikangas et al. (1999), reporting on partly over-
lapping samples, found evidence for higher phasic
arousal (i.e. larger sympathetic reactivity) in off-
spring at risk for ADs, as they showed a larger startle
reflex (total N = 66; age: 10-17 years) and a larger
GSR to bursts of white noise (total N = 192; age: 10—
17 years) than offspring of parents without ADs.

Concerning impaired physiological adaptation,
two studies (one using a high-risk design and one
using a prospective design) found support for this
marker as a genetic vulnerability to developing ADs.
Turner et al. (2005) found that offspring of parents
with ADs were less likely to habituate with skin
conductance to visual and auditory mildly threaten-
ing stimuli (a picture of a snake and a 100 dB tone)
than offspring of parents without ADs (total N = 90,
age: 7-12 years). Moehler et al. (2006) showed that
impaired autonomic habituation of HR responses to
repeated 75 dB pink noises in 2-week-old infants
(IN=101) predicted more behavioural inhibition; a
core feature of a fearful temperament reflected in
fearfulness and avoidance of novelty (e.g. Clauss &
Blackford, 2012; Kagan & Snidman, 1999), at
14 months. However, null findings in high-risk
studies have also been reported, as Grillon et al.
(1997) and Merikangas et al. (1999) found no
evidence for impaired startle habituation in offspring
of parents with ADs.

To summarize, despite some inconsistent findings,
high-risk studies and Moehler et al.’s (2006)
prospective study generally point towards autonomic
hyperarousal, reflected in increased tonic
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sympathetic activity, increased phasic sympathetic
activity and/or impaired habituation, as a predispo-
sition for ADs. Whether the various manifestations of
autonomic hyperarousal are expressions of one
latent hyperarousal construct has not been clarified
yet. Research suggests that trait fear and trait
anxiety are different constructs which are mediated
by different neural pathways and physiologically
expressed in different ways (Sylvers, Lilienfeld, &
LaPrairie, 2011). Both trait fear and trait anxiety
appear to be associated with autonomic arousal
during fear and anxiety states. However, trait fear
seems to be characterized by impaired extinction of
the fear response (i.e. impaired recovery, an index of
deviant phasic hyperarousal and/or impaired phys-
iological adaptation), whereas trait anxiety seems to
be characterized by tonic hyperarousal.

The studies discussed above have several short-
comings. Children in the high-risk studies were older
than 6 years and thus already had an extensive fear
learning history. Moreover, samples also included
children that already developed ADs themselves.
Since the premorbid situations were unknown (ex-
cept for the study of Turner et al., 2005), these
results cannot be interpreted as unequivocal sup-
port for autonomic hyperarousal as predisposing to
ADs; they may well indicate that autonomic hyper-
arousal is a ‘side effect’ of ADs. While Moehler et al.
(2006) did demonstrate the link between autonomic
hyperarousal and a fearful temperament before ADs
can develop, they did not address the intergenera-
tional association between ADs and autonomic
hyperarousal.

To overcome the shortcomings of previous studies,
we studied autonomic hyperarousal already during
early infancy using a high-risk prospective design,
thereby shortening the fear learning history and
ruling out the confounding role of presence of ADs in
children themselves. More specifically, we tested (a)
the intergenerational link between both parents’
anxiety and infant autonomic activity, and (b) the
link between infant autonomic hyperarousal and
their own fearful temperament during infancy and
toddlerhood. We expected that higher levels of anx-
iety, presence of an AD, and a higher severity of ADs
in parents, measured before the child was born,
would predict autonomic hyperarousal in their
infants (age 4 months). In turn, infants’ autonomic
hyperarousal at 4 months was expected to predict
more temperamental fearfulness, a main risk factor
for developing ADs (Fox et al., 2005), in infancy and
toddlerhood. Since the various indices of autonomic
hyperarousal are differentially linked to either trait
fear or trait anxiety (Sylvers, et al., 2011), they may
operate independently in the intergenerational
transmission of ADs. Therefore, they were examined
independently. In addition, we tested specificity of
the association between parents’ anxiety and infant
autonomic hyperarousal by also relating presence of
parental depression to infant hyperarousal.
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Grounded in the empirically supported tripartite
model of anxiety and depression defined by Clark
and Watson (1991), which identifies physiological
hyperarousal as a characteristic specific to anxiety,
we hypothesized physiological hyperarousal to be
specifically related to parents’ ADs and not to par-
ents’ depressive disorder.

Methods
Participants

Participants were 137 couples (at inclusion M age
fathers = 33.67, SD = 5.43; M age mothers = 30.66 years,
SD = 4.26) and their firstborn infant (77 girls [56%]) who
participated in the longitudinal study the Social Development
of Children (Majdandzié, de Vente, Colonnesi, & Bogels, 2018).
For details on recruitment and sample characteristics, see
de Vente, Majdandzi¢, Colonnesi and Bogels (2011). The
Department of Psychology’s ethics committee at the University
of Amsterdam approved the study, and written informed
consent was obtained. Children’s mean age was 18.01
weeks (SD=1.39) at the 4-month measurement;
11.99 months (SD = 0.96) at the l-year measurement and
29.65 months (SD = 0.56) at the 2.5-years measurement.

Procedure

At the prenatal assessment, couples filled out questionnaires
and completed a diagnostic interview. At the postnatal assess-
ments, mothers and fathers visited the laboratory separately
with their child and home visits were made. For a description of
measurements, see de Vente et al. (2011). The present study
focused on (a) parents’ anxiety (questionnaire; diagnostic
interview) measured prenatally, (b) infants’ autonomic arousal
measured during exposure to novel stimuli (visit with mother)
and to repeated acoustic stimuli (visit with father) at 4 months,
and (c) child fearful temperament observed at 4 months,
1 year, and 2.5 years.

Measures

Infants’ autonomic hyperarousal. Infants’ physiolog-
ical activity was measured by an ECG using a Lead II
configuration during two tasks: (a) a novel stimuli task
consisting of nonsocial stimuli using the paradigm of Kagan
and Snidman (1991) and a social stimulus based on the
Laboratory Temperament Assessment Battery (Lab-TAB; Gold-
smith & Rothbart, 1996); and (b) an auditory habituation task,
using the paradigm of Moehler et al. (2006). During the tasks,
the infant was seated in a stable baby rocker on a table. Data
were recorded and processed using Vsrrp software (Molen-
kamp, 2011). Data acquisition was performed by a National
Instruments NI16224 data acquisition card sampling at a rate of
200S/s per channel. R-peaks were detected and corrected for
artifacts. HR was calculated as the number of R-peaks per
minute, and HRV as the square root of the mean squared
successive differences (RMSSD) in interbeat intervals (IBIs).
The RMSSD in IBIs reflects high-frequency variations in HR
indicative of parasympathetic activation (Pumprla, Howorka,
Groves, Chester & Nolan, 2002).

The novel stimuli task started with a 2-minute baseline,
during which an ECG was taken while the mother quietly
interacted with her infant (Figure 1). Subsequently, the mother
was seated behind the infant and the infants’ physiological
reactivity was measured during presentation of unknown
stimuli, consisting of, (a) mobiles; (b) butanol smell; and (c)
white noise, and (d) a stranger approach task. Between the
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white noise and the stranger approach task, the infant had a 1-
min. resting period. For further details about the procedure,
see Majdandzi¢ et al. (2018). After the male stranger left the
room, a 1-min resting period started.

The habituation task started with a 2-min. baseline, fol-
lowed by a series of 10 white noises (75 dB, duration: 1 s —
volume was monthly checked), followed by a 1-min. resting
period (Figure 1). The noises were presented by two 15 cm
speakers placed at 2.5 m. from the infant.

For both tasks, mean HR and RMSSD were computed per
task phase (Figure 1). Then, for the novel stimuli task, mean
HR and RMSSD were calculated for the nonsocial stimuli
(mobiles, smell and noise). For the habituation task, mean HR
during the noises was calculated by averaging mean HR during
the three 5-s periods after the first three noises. Because no
reliable RMSSD can be calculated during 5-s intervals, no
mean RMSSD was calculated during the stimuli of the habit-
uation task.

Three indices of hyperarousal were defined. First, tonic
arousal operationalized as mean baseline HR and RMSSD
(calculated separately for each task). Second, phasic arousal
operationalized as reactivity and recovery (calculated sepa-
rately for each task). Reactivity was defined as a HR increase
and a RMSSD reduction during the stimuli in either task, as
compared to baseline. In both tasks, recovery was defined as
HR and RMSSD during the post-stimuli rest phase relative to
the baseline level (i.e. less return to baseline indexes persistent
arousal). As a third index of autonomic hyperarousal, physi-
ological adaptation was operationalized as physiological habit-
uation. A habituation index was calculated for HR only (again,
since no reliable RMSSD can be calculated during 5-s inter-
vals) by subtracting mean HR reactivity (5-s HR post-stimulus
minus 5-s HR prestimulus) to the first three noises from mean
HR reactivity to the last three noises, similar to Moehler et al.
(2006). In this manner, a negative value indicates habituation,
while a positive value indicates sensitization.

Parents’ fearful temperament. Parents’ fearful tem-
perament was measured using the fear subscale of the short
form Adult Temperament Questionnaire (ATQ; Evans & Roth-
bart, 2007), which consists of seven items assessing various
fears rated on 7-point Likert scales. An example is ‘Sometimes I
feel a sense of panic or terror for no apparent reason’.
Reliability in the present sample was .66 for mothers and .52
for fathers, which can be considered sufficient given the
independency of specific fears such as fear of heights and
claustrophobia. To relate parents’ fearful temperament to
children’s physiological activity, fathers’ and mothers’ fear
scores were averaged.

Parents’ anxiety and depression diagnoses. Par-
ents’ diagnostic status was determined using the Anxiety
Disorders Interview Schedule for adults (ADIS-A; Brown,
Barlow, & Di Nardo, 1994), a semistructured interview assess-
ing DSM-IV diagnoses. Three well-trained interviewers with a
master’s degree in Psychology or Educational Sciences admin-
istered the ADIS and rated disorder severity (Clinician Severity
Rating [CSR]; O = not at all, 8 = very much). Diagnoses with
ratings >4 are considered clinical. Interobserver reliability for
diagnostic classification was good (range 90%-100%, mean
Cohen «k = .88; Aktar, Colonnesi, de Vente, Majdandzi¢, &
Bogels, 2017). Past and current AD diagnoses were combined
into a lifetime AD diagnosis per parent. Subsequently, a
categorical AD score was created per couple: ‘AD 0’ = none of
the parents with an AD (reference category); ‘AD 1’ = one parent
with an AD; and ‘AD 2’ = both parents with an AD. The child
was considered at risk for ADs when one or both parents had a
lifetime AD. Likewise, past and current diagnoses of major
depression (MD) were combined into a lifetime MD diagnosis
per parent and a categorical MD score was created per couple,
with ‘MD O’ as reference category indicating that none of the
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(A) Novel stimuli task

Task phase | Baseline ||Non-social Social Post-stim.
Mobiles
Task R smell Rest Sl Rest
approach
sound
Duration 2 min. ~4.5 min.| | 1 min. ~ 1 min. 1 min.
(B) Habituation task
Task phase | Baseline ||Exposure to noises || Post-stim.
Task Rest 10 white noises Rest
Duration 2 min. ~ 3 min. 1 min.

Figure 1 Schematic overview of the task phases of the novel stimuli task (A) and the habituation task (B). Note: post-stim. = post-stimuli

rest phase

parents had a diagnosis MD, ‘MD 1’ indicating that one parent
had a diagnosis MD, and ‘MD 2’ indicating that both parents
had a diagnosis MD. Additionally, a dimensional approach was
adopted, and AD and MD severity ratings of mothers and
fathers of lifetime ADs and MD were combined into a total
severity score of couples’ AD and MD, respectively.

Child fearful temperament. Infants’ negative reactivity
at 4 months, which is considered a precursor of behavioural
inhibition and fearful temperament (Kagan & Snidman,
1991), was coded during the novel stimuli task described
above. In each time interval of all stimulus presentations, the
following behavioural indices were coded: negative facial
expression (e.g. frowning, a fearful/crying face), protest (e.g.
whining, fussing), crying, motor activity and arching. These
behaviours were averaged across time intervals, standardized
and aggregated to obtain a negative reactivity score. Interob-
server reliability was good: intraclass correlation = 0.85. For
further information on tasks and coding, see Majdandzi¢ et al.
(2018).

At 1 and 2.5 years, child fearful temperament was assessed
using 7 tasks and 8 tasks, respectively, from well-known
standard laboratory protocols to observe behavioural inhibi-
tion. During the tasks, the parent was sitting behind the child
and instructed to remain neutral. At 1 year, the child was
sitting in a high chair, except in the truck task in which it was
positioned on the floor. The tasks were as follows: (1) unpre-
dictable mechanical toy, (2) Stranger approach, (3) Masks, all
three from the Lab-TAB (Goldsmith & Rothbart, 1996); (4)
Truck (Calkins, Fox, & Marshall, 1996); (5) Buzzing animal, (6)
Ambulance, and (7) Horse, all three modelled after Rothbart
(1988). At 2.5 years, the child was seated in a child-sized chair
behind a small table. The tasks were as follows: (1) unpre-
dictable mechanical toy and (2) Stranger approach, both from
the Lab-TAB (Goldsmith & Rothbart, 1996); (3 and 4) two
different versions of Risk room (Durbin, Klein, Hayden, Buck-
ley, & Moerk, 2005); (5) Clown (Buss, 2011); 6) Dino; (7) Bug
and (8) Parrot, all three modelled after Rothbart (1988). At both
ages, the following behaviours were coded: facial, bodily and
verbal expressions of fear, latency to first fear response,
latency to touch the stimulus, escape, freeze and distress
vocalizations (Goldsmith & Rothbart, 1996). Coded behaviours
were averaged across coding intervals within each task,
standardized and averaged per task. Then, task scores were
averaged into a single score for fearful temperament at 1 year
and 2.5 years. Mean interobserver reliability (intraclass

correlation) of coded variables across tasks was good: 0.91 at
1 year and 0.83 at 2.5 years. For detailed descriptions, see:
Majdandzi¢ et al. (2018) and Aktar et al. (2017).

Background variables. Family’s socioeconomic status
(SES) was measured through a question about the education
level of the parent on an 8-point scale from 1 — primary
education, to 8: university. A mean family level of SES was
calculated by averaging father’s and mother’s education level.
Child gender was measured through a question about the sex
of the child. Child age was calculated as the mean age at the
three measurement occasions (father laboratory visit, mother
laboratory visit and home visit) of the 4 months measurement.
Child gestational age was calculated by adding 40 (estimated
pregnancy duration in weeks) to the difference of the actual
birth date and the estimated birth date (at 40 weeks).

Data analyses plan

We assessed hypothesis 1, on the relation of parents’ anxiety
(temperament, disorder and disorder severity) and indices of
infants’ autonomic arousal (HR and RMSSD), and hypothesis
2, on the relation of indices of infants’ autonomic arousal (HR
and RMSSD) and child fearful temperament (observed fearful
temperament), using hierarchical linear mixed model analyses.
For hypothesis 1, in which we studied the relation of parents’
anxiety with indices of infants’ autonomic arousal that were
repeatedly measured, two-level models (task phases [Figure 1]
within individual) using maximum likelihood estimation were
tested for HR and RMSSD separately. Separate models were
run for each predictor: (a) couple’s temperamental fear score,
(b) couples’ AD (0/1/2) and (c) couples’ AD severity, resulting
in testing six models per task (novel stimuli task and habit-
uation task). To predict infant phasic arousal, we tested the
models with the predictor (i.e. parents’ anxiety index), task
phase (dummy coded with baseline as a reference) and the
predictor*task-phase interaction included. A significant pre-
dictor*task-phase interaction implies different associations
between the predictor and the various task phases, which
points towards an association between the predictor and
deviant physiological reactivity and/or recovery. In case inter-
actions were statistically nonsignificant (suggesting that no
significant associations between parents’ anxiety index and
infant physiological reactivity and/or recovery are presented),
main effects were interpreted as reflecting tonic arousal and
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were reported. This analytic strategy, rather than interpreting
associations with baseline as tonic arousal, is more parsimo-
nious and analyses have more power. To predict infants’
physiological adaptation, associations between predictors (i.e.
parents’ anxiety indices) and infants’ habituation index were
analysed using linear regression analyses. To test specificity of
the association between parents’ anxiety and infant hyper-
arousal, we repeated the analyses with depression (disorder
and disorder severity) as a covariate. In this manner, we tested
whether the parents’ anxiety — infant hyperarousal associa-
tions still hold, when accounting for parental depression.

For hypothesis 2, in which we assessed the relation of infants’
autonomic arousal (HR and RMSSD) with child fearful temper-
ament (observed fearful temperament at 4 months, 1 year and
2.5 years), two-level models (repeated fearful temperament
observations within individual) using maximum likelihood
estimation were tested for the hyperarousal indices (baseline,
reactivity, recovery, physiological adaptation) separately. To
assess tonicarousal as a predictor of child fearful temperament,
baseline HR and RMSSD were predictors (in separate analyses).
To study phasic arousal as a predictor of fearful temperament,
separate models were run for physiological reactivity and
recovery. First, to assess physiological reactivity predicting
child fearful temperament, mean HR during the stimuli and
baseline HR were added to the model (i.e. mean HR stimuli value
corrected for baseline HR). We did the same analysis for RMSSD.
Second, to assess physiological recovery predicting child fearful
temperament, HR during the post-stimuli resting phase and
baseline HR were predictors in the model (i.e. HR during post-
stimuli rest corrected for baseline HR). We did the same analysis
for RMSSD. Hence, we tested six models per task (novel stimuli
task and habituation task). Robustness of the findings of
hypotheses 1 and 2 was tested by repeating the analyses,
adjusting for the covariates family SES, child gender, child age
and gestational age at birth. All analyses were performed with
IBM SPSS, version 25.

Results
Preliminary analyses

Information on dropout can be found in de Vente
et al. (2011) and Majdandzi¢ et al. (2018). Physio-
logical data during the novel stimuli task were
available for 120 infants (17 missing). For nine
infants data were missing because no mother labo-
ratory visit took take place; for two infants because
of equipment problems; for six infants, data were too
noisy. Parents of infants with versus without missing
data during this task did not differ on couples’
anxiety measures; all p-values >.10. Physiological
data during the habituation task were available for
114 infants (23 missing). For eight infants, data were
missing because no father lab visit took place; for 12
infants because of equipment problems; for three
infants, data were too noisy. Parents of infants with
versus without missing physiological data during the
habituation task did not differ on couples’ anxiety
measures; all p-values >.10. For the habituation
index, data were available for 72 infants (42 miss-
ing); 20 infants did not have data due to equipment
problems during the repeated noises; for three
infants, the signal during the repeated noises was
too noisy; for 19 infants, the task was terminated
due to infant distress. Parents of infants with miss-
ing habituation index data due to technical problems
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or due to infant crying (analysed separately) did not
differ from parents of infants with present data on
couples’ anxiety measures; all p-values >.10. Data of
at least one parental anxiety measure or one child
temperament measure and at least one infant phys-
iological measure were available for 128 infants and
were analysed in this study.

RMSSD, the index of HRV, was non-normally
distributed (standardized skewness and kurtosis>
13.29/°°) and was therefore log-transformed (In). After
transformation, standardized skewness and kurtosis
were < |3.29|. There was one outlier in the habitua-
tion index (>M + 3.29 SD), which was excluded from
the analyses.

Descriptive information

Of the 128 couples, 33 (25.8%) couples received no
lifetime AD diagnosis, 51 (39.8%) couples had one
parent diagnosed with at least one lifetime AD, and
44 (34.4%) couples had both parents diagnosed with
at least one lifetime AD. Regarding MD, 82 (64.0%)
couples received no lifetime MD diagnosis, 41
(32.0%) couples had one parent diagnosed with
lifetime MD, and S (4.0%) couples had both parents
diagnosed with lifetime AD. Other descriptive infor-
mation is presented in Table 1. Descriptive informa-
tion on infant HR and HRV per category of couples’
diagnostic status is presented in Figure 2A-D. A
correlation matrix of the main variables is provided
in Table S1. A correlation matrix including the
covariates SES, child gender, child age and gesta-
tional age at birth and the infant hyperarousal
measures is provided in Table S2. We found no
infant gender differences in arousal indices (all
p-values >.10).

Parents’ anxiety predicting infant autonomic
arousal and habituation

All parental anxiety index*task-phase interactions
were statistically nonsignificant, providing no

Table 1 Descriptives of couples’ continuous anxiety measures,
child fearful temperament measures and infant habituation
index

M (SD) n

Couples’ anxiety

ATQ fear scale 3.05 (0.60) 125

AD severity (CSR score) 7.18 (7.09) 128
Couples’ depression

MD severity (CSR score) 1.61 (1.87) 128
Child fearful temperament

4 months —0.01 (0.41) 123

1 year —0.02 (0.40) 120

2.5 years 0.01 (0.44) 117
Infant habituation

Habituation index —2.14 (13.71) 71

AD, anxiety disorder; ATQ, Adult Temperament Questionnaire;
CSR, Clinician Severity Rating; MD, major depression.
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Novel stimuli task

(A) Heart rate (B) HRV
170 - == NO AD == AD 1 par == AD 2 par —t—NOAD === AD1par == AD 2 par
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Baseline Non-social Social Post-stim. Baseline Non-social Social Post-stim.
Habituation task
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Figure 2 Descriptives of infant heart rate and infant HRV (untransformed values) during the novel stimuli task (A, B) and the habituation
task (C, D) separately for infants of couples with no AD (no AD), of couples with one parent with an AD (AD 1 par) and of couples with
both parents with ADs (AD 2 par). Note: post-stim. = post-stimuli rest phase. *Infants with two parents with an AD showed a higher HR
during the habituation task, main effect: B = 7.53, SE = 2.88, § = .51, p = .010

support for the presence of an association between
parents’ anxiety and deviant reactivity or recovery,
which would be indicative of an association between
parental anxiety and phasic hyperarousal. There-
fore, main effects were reported as an index of infant
tonic hyperarousal (see Table S3). Parents’ temper-
amental fear and parents’ combined AD severity
were significantly positively related to infant HR
during both tasks (Novel stimuli task: AD severity
score: B=0.42, SE = 0.14, B = .22, p = .003; Habit-
uation task: couples’ temperamental fear: B = 4.09,
SE=2.03, p=.16, p=.047; AD severity score:
B=0.55, SE=0.16, B =.27, p=.001); significance
was at trend level for parents’ temperamental fear in
the novel stimuli task (B=2.91, SE=1.66, B = .13,
p = .083). Parents’ combined AD status was signifi-
cantly related to infant HR during the habituation
task, F(2,123) =4.11, p=.019. Higher HR during
the habituation task was found in infants of couples
with both parents diagnosed with lifetime AD
(B=17.53, SE=2.88, § =.51, p=.010), but not in
couples with only one parent with a lifetime AD

(B=1.63, SE=2.83, =.11, p = .564). The associ-
ations between parental anxiety measures and HRV
or the habituation index were nonsignificant. Adjust-
ment of the analyses for the covariates SES, child
gender, child age and gestational resulted in similar
outcomes: all significant results remained statisti-
cally significant.

Adjustment of the analyses for parents’ depression
(disorder and severity) resulted in similar outcomes,
with the majority of significant findings remaining
statistically significant (five out of eight = 63%), one
becoming significant at trend level and two becoming
nonsignificant. Moreover, parents’ MD was not a
significant predictor in any of the models, highlight-
ing that parental anxiety was the strongest predictor
for infant hyperarousal. More specifically, when
adjusting for parents’ MD status the following pre-
dictors were still significant: Novel stimuli task: AD
severity score: p =.021; Habituation task: AD in
both parents: p=.038; and AD severity score:
p=.003. When adjusting for MD severity, the fol-
lowing significant results remained statistically
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significant: Novel stimuli task: AD severity score:
p =.026 and Habituation task: AD severity score:
p = .010, and the following result became significant
at trend level: Habituation task: AD in both parents:
p = .061. Couples temperamental fear was no longer
a significant predictor in the habituation task:
adjustment for parents’ MD: p=.113 and adjust-
ment for parents’ MD severity: p = .163.

Infant autonomic arousal predicting fearful
temperament

A significant time*baseline HR interaction was found
for the novel stimuli task (F(2,230.9)= 3.08,
p = .048), indicating that the association between
baseline HR and fearful temperament was depen-
dent on age. Therefore, stratified analyses (linear
regression analyses at the different child ages) were
conducted. Higher baseline HR during the novel
stimuli task predicted a more fearful temperament at
2.5 years (B=0.007, SE= 0.001, g = .21, p=.030).
Stronger HR reactivity and less HR recovery during
the novel stimuli task at 4 months predicted a more
fearful temperament (B= 0.007, SE=0.003,
B=.20, p=.016; B=0.007, SE=0.002, B=.22,
p = .002, respectively; see also Table S4). The asso-
ciations of HRV measures with child fearful temper-
ament were nonsignificant, as was the relation of the
habituation index with fearful temperament. Adjust-
ment of the analyses for the covariates SES, child
gender, child age and gestational resulted in similar
outcomes. All significant results remained statisti-
cally significant.

Discussion

Autonomic hyperarousal was examined as a dispo-
sitional risk factor for ADs by relating parental
anxiety to physiological arousal in their 4-month-
old offspring, and by relating infants’ physiological
arousal to their own fearful temperament. A more
fearful temperament in parents (self-report), pres-
ence of ADs in both parents (clinician report) and a
higher combined severity of ADs in parents (clinician
report) were related to higher HR in their 4-month-
old infant, supporting tonic hyperarousal as a dis-
positional risk factor for ADs. Autonomic hyper-
arousal seemed to be linked specifically to parents’
anxiety, since the majority of significant findings
remained significant after adjustment for parents’
MD or parents’ MD severity, and parents’ depression
did not uniquely predict infant hyperarousal in
addition to parents’ anxiety. This provides further
support for the tripartite model of anxiety and
depression (Clark & Watson, 1991). For parents’
fearful temperament, relations were less strong,
which may be explained by the modest, though,
acceptable internal consistency of the questionnaire
scale used to assess parents’ fearful temperament.
Regarding child fearful temperament, more HR
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reactivity and less HR recovery at 4 months (novel
stimuli task), in other words, phasic hyperarousal,
predicted a more fearful temperament during
infancy and toddlerhood. In addition, higher tonic
HR at 4 months prospectively predicted a more
fearful temperament at 2.5 years only.

Our results provide further support for autonomic
hyperarousal as a dispositional risk factor for ADs.
The relations we found between parental anxiety
measures and infant tonic hyperarousal supplement
the results of Turner et al. (2005), who reported tonic
autonomic hyperarousal in 7- to 12-year-old off-
spring of parents with ADs. We also found evidence
for phasic autonomic hyperarousal as a dispositional
risk factor for ADs, as infants’ phasic autonomic
hyperarousal was associated with infant fearful
temperament. Our results strengthen previous find-
ings in older children reported by Grillon et al. (1997)
and Merikangas et al. (1999).

We found no evidence for impaired physiological
adaptation as a dispositional risk factor for ADs.
These results are in line with Grillon et al. (1997) and
Merikangas et al. (1999), who also found no deviant
habituation in older offspring of parents with ADs,
but not with Turner et al. (2005). The differences
may be due to our use of HR rather than the
potentially more sensitive electrodermal activity
used by Turner et al. (2005). Furthermore, Grillon
et al. (1997) and Merikangas et al. (1999) used a
conditioning paradigm rather than a habituation
paradigm, which may explain why their findings
differed from Turner et al.’s (2005). In addition,
Grillon et al. (1997), Merikangas et al. (1999) and we
used repeated noises as a stimulus, which may be
less fear relevant than the snake stimulus used by
Turner et al. (2005). Alternatively, absence of signif-
icant relations between habituation and a fearful
temperament that we found may supplement the
results of Moehler et al. (2006) in very young infants.
Together these studies suggest that impaired phys-
iological adaptation from repeated noises is only
visible at a very young age, as Moehler et al. (2006)
found this in infants of 2 weeks and not in infants of
6 weeks old, and we not found at the age of
4 months. In sum, results regarding habituation
are inconclusive and additional studies are needed
using various stimuli at different ages before firm
conclusions can be drawn.

We found no indications for deviant parasympa-
thetic activity as a dispositional risk factor for
developing ADs as we found no deviations in HRV
during infancy. Our HR and HRV results, together
with those of Grillon et al. (1997), Merikangas et al.
(1999) and Turner et al. (2005) in older children,
suggest that hyperarousal associated with the risk
for ADs is sympathetically rather than parasympa-
thetically driven.

Taken together, since parents’ anxiety was associ-
ated with infant tonic hyperarousal, which in turn
predicted infant fearful temperament at the age of
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2.5 years, our results provide strongest support for
tonic hyperarousal as a mechanism explaining the
intergenerational transmission of ADs. The fact that
we did not find an association of tonic hyperarousal
with fearful temperament at the ages of 4 months
and 1 year may be explained by developmental
processes in temperament and in the autonomic
system; it is known that the association of temper-
ament with autonomic functioning is not yet very
stable during infancy (Snidman, Kagan, Riordan, &
Shannon, 1995). With regard to phasic arousal, we
cannot rule out its role in the intergenerational
transmission of ADs, despite the fact that we found
no evidence for an association of parents’ anxiety
with infants phasic arousal. Again, developmental
processes in autonomic functioning may have
affected the association at the age of 4 months as
well as the extent to which parents’ anxiety indices
assessed either fear or anxiety.

This study has several strengths. We used a high-
risk-design to study the early premorbid character-
istics of children at risk for developing ADs, thus
showing that hyperarousal is present before an
actual AD. Furthermore, we used a multimethod
approach to measure mothers’ and fathers’ anxiety,
we measured infant autonomic hyperarousal in two
different contexts and child fearful temperament
using a large battery of behavioural measures at
three different ages during infancy and toddler-
hood. Especially the finding of elevated HR at
4 months in offspring of parents with ADs was
consistent across tasks, across methods and after
correction for potential confounders, highlighting
its robustness.

This study also has several limitations. First, we
conducted multiple tests per hypothesis, which is
associated with an increased risk of making a type I
error. Results adjusted for multiple testing using the
Benjamini-Hochberg procedure (Benjamini & Hoch-
berg, 1995) are presented in Tables S3 and S4.
Second, our sample consisted primarily of relatively
highly educated, intact (i.e. biological parents, mar-
ried /cohabiting at the start of the study) Caucasian
families, thereby limiting generalizability of our
findings to other populations. In addition, our sam-
ple came from the general population, which may to
some extent explain why we found low associations
between parents’ anxiety indices and child fearful
temperament, and why we found low rank order
stability for fearful temperament from infancy to
toddlerhood. Our sample may not have included
extremely anxious (i.e. treatment seeking parents)
and fearless parents and, consequently, infants with
extremely low and high fearful temperament. This
potential restriction of range in parents’ anxiety and
child fearful temperament suggests that associations
between parents’ anxiety and infant autonomic
hyperarousal and between infant autonomic hyper-
arousal and child fearful temperament may be even
stronger in a sample with a larger variation in
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parents’ anxiety and child temperament. Third,
although we measured autonomic hyperarousal
early in infancy, parental anxiety may also have
influenced the infants’ autonomic arousal through
parent-partner dynamics and parent—child interac-
tions. Therefore, autonomic arousal at the age of
4 months may not be seen as solely genetically
determined. Fourth, we related autonomic hyper-
arousal to a fearful temperament rather than to
presence of an AD in the children themselves.
Therefore, our evidence for autonomic hyperarousal
as a premorbid characteristic of ADs is indirect.

Several directions for future research are indi-
cated. First, actual mediation of autonomic hyper-
arousal indices in the association between parents’
anxiety and child fearful temperament should be
tested. Second, to further assess aetiological path-
ways of ADs, studies may prospectively relate
premorbid autonomic hyperarousal to presence of
an AD during late childhood and adolescence, the
periods in which ADs typically develop. Third,
studies may explore autonomic hyperarousal as
an endophenotype of ADs by addressing other
endophenotype criteria (Gottesman & Gould,
2003) by conducting genetic linkage studies and
studying hyperarousal in relatives of individuals
with an AD.

If our findings are replicated and early auto-
nomic hyperarousal becomes an established pre-
morbid indicator of ADs, early detection of children
at risk for developing ADs may be improved. In
addition, preventive strategies that affect auto-
nomic hyperarousal such as relaxation techniques
or meditation (e.g. Varvogli & Darviri, 2011) may
be further developed and tested in children and
parents.

In conclusion, parental prenatal anxiety (disor-
ders) predicted infants’ autonomic arousal, which in
turn predicted later fearful temperament in children.
Hence, we found support for autonomic hyper-
arousal as a predisposing risk factor for ADs. Future
research may focus at aetiological mechanisms
linking autonomic hyperarousal to actual develop-
ment of ADs.

Supporting information

Additional supporting information may be found online
in the Supporting Information section at the end of the
article:

Table S1. Correlation coefficients (with p-values below)
of the main study measures.

Table S2. Correlation coefficients (with p-values below)
of the main study measures and covariates.

Table S3. Regression coefficients of main effects of
infant physiological activity regressed on parents’ tem-
peramental fear, AD status, and AD severity.

Table S4. Regression coefficients of main effects of child
fearful temperament regressed on infant physiological
activity.
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Key points

child fearful temperament.

e Autonomic hyperarousal has been proposed as a predisposition to anxiety disorders; however, studies on
autonomic hyperarousal in children at risk for anxiety disorders are scarce.
e This study showed that parents’ anxiety predicts their infants’ autonomic hyperarousal, which in turn predicts

e Our findings suggest that autonomic hyperarousal is a genetic predisposition to anxiety disorders.
e Anxiety treatments may focus more on reducing autonomic hyperarousal.
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