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Abstract Anxiety disorders are common across the lifes-

pan, cause severe distress and impairment, and usually

have their onset in childhood. Substantial clinical and

epidemiological research has demonstrated the existence of

links between anxiety and its disorders in children and

parents. Research on the pathways and mechanisms

underlying these links has pointed to both behavioral and

biological systems. This review synthesizes and summa-

rizes several major aspects of this research. Behavioral

systems include vicarious learning, social referencing, and

modeling of parental anxiety; overly protective or critical

parenting styles; and aspects of parental responses to child

anxiety including family accommodation of the child’s

symptoms. Biological systems include aspects of the pre-

natal environment affected by maternal anxiety, develop-

ment and functioning of the oxytocinergic system, and

genetic and epigenetic transmission. Implications for the

prevention and treatment of child anxiety disorders are

discussed, including the potential to enhance child anxiety

treatment outcomes through biologically informed parent-

based interventions.
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Introduction

Anxiety disorders are common in children and adults, and

cause severe short- and long-term impairment (Canino

et al. 2004; Costello et al. 2011; Essau et al. 2000; Langley

et al. 2013; Lepine 2002; Mendlowicz and Stein 2000).

Prevalence estimates for anxiety disorders in children and

adolescents have varied across studies, due in part to dif-

ferent informants and measures, and populations. Despite

the differences, time point prevalence rates appear to be

between 2 and 5 %, and approximately one third of chil-

dren will experience an anxiety disorder before adulthood

(Costello et al. 2005, 2011; Merikangas et al. 2010). Adult

anxiety disorder prevalence estimates have also varied

across research methodologies and populations, with past-

year prevalence estimates also as high as approximately

one third of the population (Alonso et al. 2004; Baxter et al.

2013). Onset of anxiety disorders is most commonly in

childhood, with a median onset as early as eleven years of

age (Kessler et al. 2005).

Anxiety disorders are classified along domains of fear

inducing stimuli (e.g., social situations; separation), and

manifestations of anxiety (e.g., physical/autonomic arou-

sal; persistent worry). Separation anxiety and specific

phobias having the earliest average onset, followed by

social phobia, generalized anxiety, and panic disorder

(Kessler et al. 2012). Additional anxiety disorders included

in the latest edition of the Diagnostic and Statistical

Manual (DSM5) are agoraphobia, selective mutism, and

illness anxiety disorder (American Psychiatric Association

2013).

A consistent finding in childhood anxiety and its disor-

ders is the link between anxiety in children and parents.

Children (used here to include both children and adoles-

cents, unless specified otherwise) of anxious parents are
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more likely to exhibit elevated anxiety, and to meet criteria

for an anxiety disorder than children of non-anxious par-

ents (Beidel and Turner 1997; Biederman et al. 1991; Last

et al. 1987; Silverman et al. 1988). Parents of children with

anxiety disorders are also more likely to have a history of

anxiety disorders than parents of children without anxiety

disorders (Lieb et al. 2000; Weissman et al. 1984). A large

scale population study of familial risk for anxiety con-

cluded that the children of parents with anxiety disorders

were significantly more likely to experience anxiety dis-

orders, than children of parents without anxiety disorders,

and this risk was elevated when both parents suffered from

anxiety (Li et al. 2008). These results are supported by

another large scale investigation of data from the Danish

population registry (Steinhausen et al. 2009).

Elucidating the mechanisms involved in the cross-gen-

erational transmission of anxiety is of critical importance to

the prevention and treatment of these disorders. Despite

advances in behavioral and pharmacological treatments for

childhood anxiety disorders over the past decades, a sig-

nificant proportion of children remain symptomatic after

treatment, and many still meet diagnostic criteria (Comp-

ton et al. 2004). An understanding of the factors that

increase the risk of a child developing clinical anxiety

could potentially inform preventative interventions that

mitigate that risk. In one recent example of this, at-risk

children who had at least one clinically anxious parent

were significantly less likely to develop an anxiety disorder

over a 1-year period if they were assigned to receive a

preventative family-based intervention compared to an

information-monitoring comparison control condition

(Ginsburg et al. 2015). Future preventive interventions

could be even more focused on particular pathways for the

cross-generational transmission of anxiety, as the ability to

identify, assess, and intervene around these pathways

improves. In children already suffering from anxiety dis-

orders, research on cross-generational factors that maintain

the anxiety and/or moderate treatment response could

inform treatment interventions and be useful in choosing

the most effective treatment strategies.

The current review aims to provide a concise summary

of major avenues of research into biological and behavioral

factors that have been linked to the cross-generational

transmission of anxiety and its disorders. A full exposition

of all the relevant literature is beyond the scope of this

review. Rather, we focus on a number of areas that have

received major research attention, and in those areas we

provide a synthesis of current knowledge. Inevitably, some

lines of research, and many specific findings are omitted.

The review focuses first on parental behaviors as a pathway

for the cross-generational transmission of anxiety, through

direct modeling of anxious behavior, critical and overpro-

tective parenting style, and parents’ responses to anxiety

symptoms in children. Biological mechanisms for anxiety

transmission are reviewed next with the focus on prenatal

influences of maternal stress, and the role of the oxy-

tocinergic system for childhood anxiety. Following this is a

brief review of genetic heritability of anxiety disorders, and

key findings from epigenetic and gene by environment

interaction research. While each of these domains of par-

ental behavior, biological systems, and genetic or epige-

netic heritability provides a unique lens for understanding

the cross-generational transmission of anxiety, they are not

separate or unconnected. Rather, they represent a tightly

interwoven fabric of influences throughout the lifespan,

with each methodology pulling at different threads that

invariably reflect the action of several others. Significantly

more research from each discipline, and emerging inte-

grations across multiple disciplines, are the basis for

eventually weaving these threads into a more whole

understanding of cross-generational influences on child-

hood anxiety disorders.

Parent behavior

Vicarious learning, social referencing and modeling

Vicarious Learning was one of the pathways identified by

Rachman and Costello (1961) over four decades ago, for

the acquisition of fears, and is explained by social learning

theory (Bandura 1969). Vicarious fear learning occurs

when an individual acquires fear of a stimulus by observing

the reactions of others to that stimulus. An early experi-

mental demonstration of vicarious learning involved sub-

jects observing another person reacting to (sham) electric

shocks and acquiring fear of a sound that consistently

accompanied the shocks (Berger 1962). Since that time,

numerous studies using a variety of experimental

methodologies have supported vicarious learning as a

means of fear acquisition (Hygge 1976; Olsson and Phelps

2004; Vaughan and Lanzetta 1980). Alongside experi-

mental designs, self-reports from clinically anxious indi-

viduals and their parents also indicate that vicarious

learning plays a role in acquiring fears (Merckelbach et al.

1989; Muris et al. 1996; Ost 1985).

Children may possess an innate predisposition toward

vicarious learning, and toward generalization of learned

fears, because of the protective adaptive benefits inherent

in learning about dangers from other, more experienced,

adults and caregivers (Schiele et al. 2016). In one study of

young Rhesus monkeys for example, observing a parent

displaying fear of snakes led most of the subjects to

develop a lasting fear of snakes (Mineka and Cook 1986).

The salience and frequent presence of parents provide

many opportunities for infants and children to vicariously
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acquire fear by observing them. In infants, social refer-

encing refers to the tendency to assess danger based on the

emotional reactions of others. Social referencing studies,

using the classical ‘visual cliff’ paradigm, showed that

parents’ facial expressions of fear caused infants to avoid

crossing the cliff, whereas infants whose parent’s expres-

sed other emotions were more likely to cross (Sorce et al.

1985). Other social referencing studies have demonstrated

that parental expressions of fear can lead to infant fear or

avoidance in response to toy snakes or spiders (Gerull and

Rapee 2002) and strangers (de Rosnay et al. 2006). In the

de Rosnay et al. (2006) study mothers were instructed to

interact fearfully with one stranger and not fearfully with

another stranger, while their infant child observed them.

The infants were then found to react fearfully to the

stranger that elicited the fear behavior in the mother, an

effect that was magnified for children with anxious tem-

perament. Further support for the intergenerational trans-

mission of anxiety through social referencing comes from

research showing that mothers with social phobia display

more anxiety when their infants interact with strangers than

do mothers without social phobia, and that these differ-

ences in turn were associated with differences in the

infants’ social responsiveness (Murray et al. 2007).

Vicarious fear learning has also been demonstrated in

school age children. Askew and Field (2007) showed

children ages 7–9 images of unfamiliar animals together

with faces showing either fear or happiness. Animals

paired to fearful faces were later found to be associated

with more fearful beliefs in the children. Burstein and

Ginsburg (2010) randomly assigned mothers of 25 children

to model either anxious or non-anxious behavior toward a

spelling test their children were subsequently going to take.

Maternal modeling of anxiety about the test led to chil-

dren’s increased anxiety and desire to avoid the test. In

another experiment, Lebowitz et al. (2015) used motion

tracking to compare behavioral avoidance of spider and

neutral images in mothers of clinically anxious children.

Mothers’ avoidant behavior moderated the association

between fear of spiders in mothers and in children such that

children of spider phobic mothers showed elevated fear of

spiders only when the mothers exhibited avoidant behavior.

Using an observational rather than experimental

approach, Bevan et al. (1990) found that parental anxiety

during a child’s preoperative anesthesia predicted the

child’s anxiety both during anesthesia and 1 week post-

surgery. Observations of verbal exchanges between moth-

ers and children have also indicated that anxious children

are more likely than non-anxious children to have mothers

who provide anxious interpretations of ambiguous situa-

tions and who rely on avoidant solutions to hypothetical

scenarios (Barrett et al. 1996; Dadds et al. 1996). Chorpita

et al. (1996) analyzed verbalizations during mother–child

interactions and found that children who discussed an

ambiguous situation with their parents were more likely to

revise their interpretations in a more anxious/avoidant

direction when the parents verbalized more anxiety.

Overall, there is considerable evidence for vicarious

learning in childhood, and support for vicarious learning as

a means of cross-generational transmission of anxiety from

parent to child.

Parental behavior can also interact with innate predis-

positions toward fear acquisition. Non-associative models

of anxiety disorders posit that fear of certain evolutionary-

relevant stimuli and situations do not require associative

learning to emerge, but rather are innately present and are

overcome through gradual desensitization, extinction, and

the learning of safety cues (Poulton and Menzies 2002).

Most of the research on parental influences on anxiety

disorders has focused on associative models of anxiety

disorders, but research has also emerged supporting cross-

generational influences on non-associative models. For

example, a longitudinal study of separation anxiety disor-

der in youth from early childhood through adolescence

found little support for associative learning processes, and

tended to support a non-associative model (Poulton et al.

2001). Results from that study also indicated that parental

factors, the combination of instigating separation experi-

ences and strong environmental support, reduced the like-

lihood of separation anxiety disorder in youth.

Parenting style

Overprotective and critical parenting styles have been

consistently linked to elevated risk of anxiety disorders in

children, with the preponderance of research focusing on

maternal behavior. Overprotective and controlling behavior

in mothers was first empirically reported over eight dec-

ades ago (Levy 1931) and can be conceptualized as

excessive protection of children from perceived physical or

psychological threats, with correspondingly low encour-

agement of the child’s autonomy and independence.

Overprotective parenting was first linked to the develop-

ment of anxiety disorders through retrospective studies

comparing childhood recollections in families of anxious

and non-anxious individuals. Hersov (1960) found that

mothers whose children were absent from school because

of anxiety had a more overprotective style compared to

mothers of children who were absent for other reasons, and

to mothers of children who were not absent. Anxious adults

also retrospectively report their parents as more overpro-

tective than non-anxious adults (Parker 1981; Rapee 1997;

Silove 1986). Observational research on the interactions

between parents and children have also supported a link

between overprotective parenting and childhood anxiety,

with mothers of anxious children giving more help and
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behaving more intrusively while engaging in complex tasks

with their children than mothers of non-anxious children

(Hudson and Rapee 2001).

One way in which overprotective parenting may mediate

the transmission of anxiety from parent to child is through

information transfer (Rachman and Costello 1961). Infor-

mation transfer, or instructional learning, refers to mes-

sages the child receives that either explicitly or implicitly

convey a heightened sense of risk and threat. An anxious

and overprotective parent is likely to provide both more

frequent and more forceful messages with regard to pos-

sible risks, compared to a non-anxious and less protective

parent. A poignant example from one of the authors’

clinical practice illustrates this possibility. An anxious

father bringing his child to a routine medical checkup

spontaneously explained to his 8-year-old that there was

‘‘no reason to suspect that the doctor would find a life

threatening disease in so young a patient’’. Messages like

these may provide instruction to the child that routine

activities are actually fraught with risk (Beidel and Turner

1997). Experimental support for this pathway comes from a

series of studies in which children who were given negative

information about a fictional animal by an adult developed

more fear of the animal than children who were given

positive information (Field et al. 2001), displayed more

behavioral avoidance of the animal (Field and Lawson

2003), and the children’s fear of the animal persisted over

several months (Field et al. 2008).

Overly critical parenting (and its inverse, parental

acceptance) has similarly been linked to the risk of child-

hood anxiety disorders using various research methodolo-

gies. Siqueland et al. (1996) found that anxious children

rated their parents as less accepting than non-anxious

children. Moore et al. (2004), using systematically coded

behavioral interactions, found that mothers of anxious

children showed less warmth and were more critical

compared to mothers of non-anxious children (see also,

Wood et al. 2003).

There remain critical challenges in establishing the

causal role of parenting style in the intergenerational

transmission of anxiety. Alongside the evidence for parent-

to-child effects, there are also indications that childhood

anxiety symptoms may elicit certain behavioral phenotypes

in parents. For example, Whaley et al. (1999) found that

while maternal anxiety was the major predictor of maternal

warmth (or lack thereof) during parent–child interactions,

the child’s anxiety was the most predictive of maternal

overprotectiveness. Another study using ratings scales

from children, parents and spouses found that maternal

overprotection was predominantly related to maternal

anxiety, but that paternal overprotection was more strongly

related to child anxiety (Bogels and van Melick 2004). The

patterns of associations are likely to be more complicated

than this, however. Mothers and fathers report not only

different levels of anxiety in their children, but also dif-

ferent domains of child anxiety symptoms, suggesting that

mothers and fathers are bringing different perspectives to

the assessment process. Such findings highlight the need to

carefully consider the ways that different informants view

their own levels of anxiety as well their overprotection, and

to work toward developing an integrated understanding of

what the variance means. It also foreshadows the utility of

moving toward other measurement approaches, including

identifying more objective biological markers. The parent–

child dyadic interactions over time likely create feedback

loops that contribute to the development and maintenance

of a child’s anxiety as well as the maintenance of the

parent’s anxiety.

Parental responses to child anxiety symptoms

How parents react to symptoms of anxiety in their children

appears to be influential in determining the course of the

child’s anxiety. In children who are exhibiting nonclinical

anxiety, parental responses can either amplify or diminish

the child’s anxiety, self-efficacy, or other related constructs

such as control. These effects could plausibly contribute to

those normative experiences becoming increasingly severe

and entrenched (Weems and Silverman 2006; Weems et al.

2003). Likewise, parental responses that increase the

child’s fear of experiencing anxiety symptoms (i.e., anxiety

sensitivity) could potentially lead to increased avoidance in

the child, and to the onset of an anxiety disorder (Weems

et al. 2002). In children who are already experiencing

clinical anxiety symptoms, parental responses that reduce

coping, increase anxious avoidance, or lower motivation to

confront the fear could play a role in maintaining the dis-

order. To the extent that these parental reactions are

influenced by parental anxiety, they represent probable

pathways for the intergenerational transmission of anxiety.

Ehlers (1993) examined the childhood recollections of

adults with and without panic and other anxiety disorders.

Participants with anxiety disorders had more recollections

of experiencing somatic sensations of anxiety such as

shortness of breath or dizziness accompanied by special

attention from parents and instructions to refrain from

physical or social activities, than participants without

anxiety disorders. Adults with panic disorder in particular,

recalled their parents treating them as sick or incapacitated

due to the anxiety symptoms. In another retrospective

study, high anxiety sensitivity in adults was linked to

parents providing special attention and ‘sick role’ behavior,

in response to somatic experiences of anxiety in childhood

(Watt et al. 1998).

Family accommodation is one pattern of parental

response to child anxiety that is increasingly being studied

1056 E. R. Lebowitz et al.

123



for its role in the development and maintenance of child

anxiety disorders. Family accommodation refers to the

myriad ways in which parents change their own behavior to

help their child avoid or alleviate distress related to anxiety

symptoms. Family accommodation was first studied in the

context of obsessive–compulsive disorder (OCD) and

greater family accommodation was found to predict more

severe symptoms and worse impairment (Calvocoressi

et al. 1995; Lebowitz et al. 2012). More recently, family

accommodation has been studied in anxiety disorders, and

has been found to be highly prevalent among parents of

anxious children (Lebowitz et al. 2013; Norman et al.

2015). Examples of family accommodation in anxiety

disorders are parents sleeping next to a child with separa-

tion anxiety, answering repeated reassurance seeking

questions from a child with generalized anxiety, or

speaking in place of a child with social phobia. Lebowitz

et al. (2014b) compared family accommodation in mothers

of children with anxiety, OCD, or no diagnosis and found

that mothers of children in both clinical groups reported

engaging in significantly more family accommodation than

mothers of the non-anxious children.

Higher levels of family accommodation are associated

with more severe anxiety symptoms and greater impair-

ment, suggesting that these parental responses have the

potential to impact the clinical course of childhood anxiety

disorders (Lebowitz et al. 2013; Storch et al. 2015;

Thompson-Hollands et al. 2014). Support for family

accommodation as a pathway for cross-generational

transmission of anxiety comes from data showing positive

correlations between maternal anxiety and level of family

accommodation (Storch et al. 2015; Thompson-Hollands

et al. 2014). A study comparing child and mother ratings of

family accommodation found that maternal anxiety mod-

erates the link between the mother’s and child’s ratings,

with more anxious mothers showing higher agreement with

child ratings than less anxious mothers (Lebowitz et al.

2014a, b). Another study by Jones et al. (2015) directly

examined whether family accommodation mediates the

association between maternal anxiety and child anxiety and

found significant mediation.

Parents’ anxiety can also influence their responses to

their child’s anxiety by making the parent less likely to

model effective coping strategies, and more likely to

catastrophize the child’s symptoms. Some evidence for this

hypothesis comes from studies of parental responses to

children’s distress in stressful situations. LaMontagne et al.

(1992) observed the behavior of parents toward children

who were undergoing hospitalization in a pediatric critical

care center. More anxious parents exhibited fewer problem

solving coping strategies than less anxious parents, and

were more focused on their own emotional response rather

than on the child’s actual distress level. Likewise in an

otherwise nonclinical sample of children undergoing sur-

gery, parental anxiety predicted the child’s level of anxiety

before surgery and likelihood of problems such as night-

mares or separation anxiety after surgery (Kain et al. 1996).

Highly anxious parents are likely to catastrophize their

child’s anxiety symptoms (i.e., view them as worse than

they actually are), and anxious children may experience

more severe anxiety as a result. Whaley et al. (1999) found

that anxious mothers of anxious children were more likely

to exhibit catastrophizing behavior than non-anxious

mothers of non-anxious children. Moore et al. (2004),

disentangling the influences of mother anxiety and child

anxiety, reported that anxious mothers of anxious children

displayed the most catastrophizing behavior, but that non-

anxious mothers of anxious children were also more likely

to catastrophize than non-anxious mothers of non-anxious

children, underscoring the interaction between maternal

and child anxiety. Clinical experience suggests that catas-

trophic parental cognitions such as ‘my child is falling

apart’ or ‘my child won’t be able to live a normal life’ are

common in response to child anxiety, and can contribute to

a cascade of additional emotional and behavioral reactions

in both mother and child. This is supported by empirical

evidence from children exposed to severe stressors such as

war conditions, showing that maternal anxiety and mater-

nal difficulty in sensitively ‘containing’ the child’s anxious

responses increased the risk of post traumatic symptoms in

the children (Feldman and Vengrober 2011). Related

research on children and natural disasters further highlights

the mediating roles that life stressors and social support

play in children’s anxiety (La Greca et al. 2010).

Overall, there is support for complex and multiple

pathways linking parent and child anxiety through par-

ental behavior. These pathways include (but are not lim-

ited to) vicarious learning through direct modeling and

social referencing, information transfer, parenting styles

of overprotection, control, and rejection, family accom-

modation, and other parental responses to child anxiety

such as catastrophizing. Although some of these pathways

are more trait-like and presumably exist independent of

the child’s anxiety disorder, others are best understood in

the context of the child’s symptoms. Drawing clear lines

of distinction between the various parental behaviors is

not always possible. A mother who is overwhelmed by her

child’s distress and reacts protectively may be both

catastrophizing and accommodating, for example. It is

also clear that these paths interact with each other, as well

as with the child’s anxiety. Modeling fear can lead to

more anxiety in the child, which evokes more distress in

the parent and leads to more accommodation. Consider-

ably more research is needed before these influences can

be reliably disentangled, and an understanding of under-

lying biological systems and mechanisms maintaining

Cross-generational influences on childhood anxiety disorders: pathways and mechanisms 1057

123



each of them may provide clues on the way to this dis-

entanglement (Fig. 1).

Biological mechanisms

Prenatal environment

Biological mechanisms for the intergenerational transmis-

sion of anxiety begin to exert their effects prenatally during

gestation, and continue throughout development, up to and

after the appearance of the child’s anxiety symptoms. The

hypothesis that the prenatal environment affects the psy-

chological functioning of offspring is well over a hundred

years old (Wallace 1893), and decades of research now

support it. Less timeworn is research highlighting specific

biological mechanisms for these influences, and younger

still are empirical data linking prenatal environment to

childhood anxiety in particular.

Prospective studies linking maternal anxiety and stress

during pregnancy to child development have focused on

development in infants as young as 3 days, as well as

children and adolescents. Rieger et al. (2004) found more

regulation problems in 3–5 day old infants whose mothers

had elevated scores on a measure of psychological distress

around week 30 of pregnancy, and higher maternal cortisol

during pregnancy predicted more difficulties in the infants

habituating to new or aversive stimuli. Van den Bergh

(1990) found that higher trait and state anxiety in mothers

over the course of pregnancy predicted more difficult

temperament, more crying, and less regular sleep at ages

10 weeks and 7 months. Several other studies have also

reported associations between pregnant mothers’ distress or

anxiety and signs of anxious temperament or high reac-

tivity in infants (Brouwers et al. 2001; Field et al. 1985;

Martin et al. 1999; Ponirakis et al. 1998).

In children, Van den Bergh and Marcoen (2004) found

that maternal state anxiety during pregnancy predicted

child self-rated anxiety at age nine, as well as externalizing

problems. Viaux-Savelon et al. (2012) examined the effects

of maternal stress specifically related to the wellbeing of

their unborn child, on mother–child interactions after birth.

Women in mid-pregnancy whose ultrasound indicated

elevated risk of severe fetal abnormality, which was later

ruled out in further screening, were compared to women

with normal ultrasound screenings. The women in the ‘later

ruled out risk’ group showed more signs of anxiety and had

lower maternal sensitivity and more intrusive behavior

during interactions with their newborn infants, potentially

elevating the risk for childhood anxiety as well. Research

supports the first two trimesters as being the most critical

for the effects of maternal stress on childhood emotional

problems but this has not been universally the case, and see

Van den Bergh et al. (2005) for a comprehensive review. It

is also becoming clear that maternal anxiety during ges-

tation may have an impact on the child’s developing limbic

system (Rifkin-Graboi et al. 2015).

Mechanisms for the intergenerational transmission of

anxiety during pregnancy are not yet well understood.

Hypotheses that have garnered preliminary empirical sup-

port include the possibility that the embryo is exposed to

abnormally high maternal steroid hormones, and the

Fig. 1 Depicts cross-

generational pathways and

mechanisms impacting

childhood anxiety disorders

over time, including biological

and environmental factors, and

the epigenetic interactions

between them
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possibility that the embryo is adversely affected by

restricted uterine blood flow. Despite evidence for signifi-

cant correlations between anxiety related hormone levels in

pregnant mothers and fetuses (e.g., Gitau et al. 1998), and

for poorer uterine flow in anxious pregnant mothers

(Sjostrom et al. 1997; Teixeira et al. 1999) several ques-

tions still surround each of these mechanisms. For exam-

ple, it is not clear how effectively candidate hormones such

as cortisol or noradrenaline cross the placental barrier. This

question is also being investigated in animal studies, and

there is evidence that maternal exposure to testosterone

during pregnancy can impact the limbic system of off-

spring in rats, and contribute to elevated anxiety-like

behavior (Hu et al. 2015). It is also unclear to what extent

changes in fetal blood flow, related to maternal anxiety,

actually explain psychological outcomes in the babies.

A number of animal studies also provide robust evi-

dence that prenatal stress can lead to persistent neuropsy-

chological abnormalities in the offspring (Koehl et al.

2001). For example in rodents, exposure to prenatal stress

can lead to a hypersensitivity to stressful stimuli (Wilson

et al. 2013) and increased anxiety-like behaviors in the

adult offspring (Takahashi et al. 1992; Zeng et al. 2015).

The oxytocinergic system and the biological

transmission of anxiety

Systems for threat detection and anxiety regulation overlap

in the mammalian brain with systems for social and affil-

iative behavior (Chang et al. 2013). Like most other

mammals, human children are born highly dependent on

parental caregivers for protection from threat and for reg-

ulation of anxious internal arousal. Evolutionarily shaped

systems for detecting and responding to threat and for

regulation of anxiety in childhood consequently involve

both the child and the caregiver, and interact with systems

for bonding and affiliative behavior in both (MacDonald

and Feifel 2014). Biological systems that influence parental

ability to appropriately detect, assess, and respond to child

distress cues can influence the development of the child

anxiety regulation systems, and are candidate mechanisms

for the intergenerational transmission of anxiety.

The oxytocinergic system exemplifies the overlap in the

brain between anxiety regulation systems and systems for

bonding and affiliative behavior. The nonapeptide oxytocin

evolved from an ancestral signaling peptide and appears in

different variants across several phyla in the animal king-

dom (Feldman et al. 2015). In mammals, alongside well-

known physiological roles in uterus contraction and milk

release, oxytocin plays important roles for anxiety regula-

tion and social behavior (Insel 2010; Insel and Young

2001; Pedersen 1997). Animal studies, across a range of

species and methodologies have supported an anxiolytic

effect for oxytocin. A partial list of research methods

implicating oxytocin in anxiety regulation in animals

includes direct central or peripheral administration of

oxytocin (Lee et al. 2005) or its agonists or antagonists

(Smith and Wang 2014), genetically modified knockout

animals (Amico et al. 2004), and blue-light axonal acti-

vation (Knobloch et al. 2012).

Oxytocin also affects social behavior in animals, and is

particular important for the appearance and frequency of

species-specific maternal behaviors (Olazabal and Young

2006). In rats, who respond with avoidance to the smell of

pups prior to their own pregnancy and parturition, oxytocin

suppresses this inhibitory effect and facilitates the expres-

sion of maternal behavior (Olazabal and Young 2006).

Considerable research indicates that the oxytocinergic

system is sensitive to variations in early parental care,

supporting its role as a possible vehicle for cross-genera-

tional transmission of anxiety (Feldman et al. 2010b;

Gimpl and Fahrenholz 2001; Keverne and Curley 2004;

Meaney 2001; Ross and Young 2009).

Research in humans also implicates the oxytocinergic

system in anxiety regulation and interpersonal behavior.

Functional magnetic resonance imaging studies have found

that oxytocin reduces activation in fear-related brain

regions in response to anxiety provoking social cues such

as angry faces (Kirsch et al. 2005; Labuschagne et al.

2010). Despite uncertainty about the validity of peripheral

oxytocin as an indicator of central oxytocinergic activity,

recent conceptualizations suggest coordination between

central and peripheral oxytocin (Ross and Young 2009),

and several studies have reported associations between

peripheral oxytocin levels and symptoms of anxiety in

human children (Carson et al. 2014) and adults (Lebowitz

et al. 2016; Scantamburlo et al. 2007; Weisman et al.

2013). Most studies have supported a negative correlation,

but certain inconsistencies remain, and the effects may be

moderated by gender and the domain of anxiety. Weisman

et al. (2013) for example, examined peripheral OT in 473

non-clinical adults (41.5 % males), and found that males

showed a significant negative correlation between OT and

trait anxiety. Trait anxiety was not associated with oxy-

tocin levels in women, but a positive association was found

in women between oxytocin levels and attachment anxiety.

A single study has examined peripheral oxytocin levels in

children with clinical anxiety disorders and found that low

levels of salivary oxytocin were associated with the pres-

ence of separation anxiety disorder, and with higher levels

of family accommodation (Lebowitz et al. 2016). Periph-

eral oxytocin levels were also negatively correlated with

anxious behaviors exhibited by the children during inter-

actions with their mothers.

Results of oxytocin administration studies have also

underscored the complexity of oxytocin’s roles for both
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anxiety and interpersonal behavior. Using a behavioral

avoidance paradigm in which participants responded to

images of happy or angry faces Radke et al. (2013) found

that oxytocin administration suppressed avoidance and

increased approach to angry faces, but that this effect was

limited to participants who were not high in social anxiety.

Reducing avoidance motivation and increasing approach

motivation in response to social stimuli may be one

mechanism by which oxytocin facilitates parental care-

giving (as in the case of pup aversion in nulliparous rats),

and this mechanism may be influenced by parental anxiety,

an hypothesis supported by neuroendocrinological and

neurobiological data. Research on plasma hormonal pro-

files in mothers indicate that the oxytocin surges associated

with breastfeeding are accompanied by decreases in the

stress hormones ACTH and cortisol (Chiodera et al. 1991).

Women who were administered intranasal oxytocin

showed reduced activation of fear-related circuitry and

increased activation in regions involved in empathy and

prosocial behavior in response to the sound of infant cries,

compared to women administered a placebo (Riem et al.

2011). But increased brain response to infant cries in

regions associated with prosocial behavior after oxytocin

administration was not found in women who reported high

levels of maternal withdrawal in childhood (Riem et al.

2013). Likewise, Strathearn et al. (2009) found that acti-

vation of oxytocin-associated brain reward regions in

response to infant cues, as well as peripherally measured

oxytocin response, were lower in mothers with insecure

attachment, compared to secure mothers. Several others

studies have demonstrated that attachment anxiety mod-

erates the effects of oxytocin administration, reducing

rather than increasing social approach motivation (Bartz

et al. 2015).

In light of these data, it is plausible to postulate that the

oxytocin system may play a key role in the intergenera-

tional transmission of anxiety from parent to child. High

anxiety in parents is associated with disrupted oxytocin-

ergic functioning, with potentially diminished motivation

and/or ability to provide sensitive responses to child cues,

including cues of fear or distress. Adverse effects on par-

ental caregiving, during early life periods in which child

oxytocinergic functioning is shaped through sensory and

emotional caregiver input, could then contribute to the

development of anxiety related problems in the child.

Peripheral oxytocin levels, as well as risk alleles in the

oxytocin receptor gene OXTR, have indeed been associ-

ated with a variety of parental behaviors in new parents

including gaze, touch, verbalization, sensitivity, and par-

ent–child synchrony (Bakermans-Kranenburg and van

Ijzendoorn 2008; Elmadih et al. 2014; Feldman et al.

2010a, b, 2011, 2012, 2013; Gordon et al. 2010). Feldman

et al. (2013) described a cross-generation gene by

environment interaction, with maternal OXTR risk alleles

interacting with maternal caregiving to predict lower

peripheral oxytocin levels in children. At least three studies

have reported interactions between familial risk for anxi-

ety, parental caregiving, and OXTR variations in predicting

the anxiety disorders in youth (Apter-Levy et al. 2013;

Feldman et al. 2014; Thompson et al. 2011). Epigenetic

studies in animals also support oxytocinergic functioning

as a mechanism for intergenerational transmission of anx-

iety. Research on rats has shown that higher levels of

maternal caregiving behavior in infancy is associated with

alterations in OXTR expression, and that these rats also

exhibit less anxiety behavior and more maternal caregiving

themselves (Branchi et al. 2013; Champagne 2008; Pena

et al. 2013).

Oxytocinergic functioning can also interact with other

conditions that disrupt early maternal care, to exacerbate or

mitigate the risk of childhood anxiety. Maternal depression

is a major risk factor for a range of psychological problems

in children, and in particular for childhood anxiety disor-

ders (Conroy et al. 2012). Depressed mothers show less

engagement with their children, potentially reducing the

early life opportunities for stimulation of the oxytocinergic

system during critical phases in its development (Lovejoy

et al. 2000). Plasma oxytocin levels in patients with

depression have been found to be significantly lower

compared to non-depressed patients (Frasch et al. 1995),

and to correlate with the severity of the depressive symp-

toms (Scantamburlo et al., 2007). An experimental oxy-

tocin administration study recently provided an intriguing

illustration of the interaction between oxytocin, maternal

depression, and caregiving behavior (Mah et al. 2014).

Mothers with postnatal depression who were administered

intranasal oxytocin exhibited a more protective maternal

reaction to an enthusiastic and socially intrusive (study

confederate) stranger approaching their baby, compared to

depressed mothers who were administered a placebo.

Another recent study reported that both clinically depres-

sed mothers and their children had lower salivary oxytocin

levels, compared to non-depressed mothers (Apter-Levy

et al. 2013). Notably, while children of chronically

depressed mothers were significantly more likely to suffer

from anxiety disorders than children of non-depressed

mothers, the risk was significantly moderated by allelic

variations on OXTR.

Genetic and epigenetic transmission

Evidence for the clustering of anxiety in families (e.g., Li

et al. 2008) has provided the impetus for numerous studies

exploring the genetic transmission of anxiety and its dis-

orders. These have provided important information on the

genetic heritability of anxiety, but have also highlighted
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important unanswered questions. Twin studies are a central

tool for investigating genetic transmission of disorders and

numerous twin studies, over the past 35 years, have

examined the genetic heritability of anxiety disorders. A

meta-analysis published around the turn of the century

(Hettema et al. 2001) concluded that genetic heritability is

the major source of familial risk for anxiety, and estimated

heritability across the anxiety disorders at approximately

30–40 %. This represents a moderate level of heritability

and leaves most individual differences in vulnerability to

anxiety to environmental influences. In a recently updated

review the authors reached similar conclusions, but

emphasized that genetic heritability seems to be to patho-

logical anxiety overall, rather than to specific anxiety dis-

orders (Shimada-Sugimoto et al. 2015). Indeed, defining

distinct phenotypes is one of the challenges faced by

genetic research in general, and has been called the rate

limiting factor in psychiatric genetic studies (Tsuang et al.

1993).

Current diagnostic nosology distinguishes between

several anxiety disorders, but some studies have supported

unidimensional factors underlying internalizing psy-

chopathology including anxiety and depression. Other

studies have supported a two factor model including dis-

tress (associated with depression and generalized anxiety)

and fear (including most other anxiety disorders). The

challenge is compounded by the fact that most of the

research has focused on adults and developmental trajec-

tories may be associated with different phenotypical

structures. A recent investigation suggested different phe-

notypic and genetic structures for internalizing symptoms

in childhood, adolescence, and young adulthood (Waszc-

zuk et al. 2014). In childhood, one genetic factor influenced

the various dimensions of anxiety, and a second factor

influenced depression; in adolescence genetic factors

appeared to be shared across internalizing symptoms; and

in young adulthood data supported one factor for depres-

sion and anxiety symptoms, and a second genetic factor

underlying fear. Recent reviews by Maron et al. (2010) and

Shimada-Sugimoto et al. (2015) provide synopses of

efforts to identify specific genes implicated in the inter-

generational transmission of anxiety, focused mainly on

panic disorder.

Modern genetic research is moving beyond direct link-

age or association studies and increasingly tackling the

complex question of intergenerational transmission through

the lenses of gene X environment (GXE) interaction, and

epigenetics. GXE interaction occurs when different geno-

types respond differentially to variations in environmental

variables, and epigenetic effects occur when environmental

factors affect gene expression without changing the DNA

sequence. By combining, rather than parsing, the envi-

ronmental and genetic influences on anxiety vulnerability,

these studies have the potential to elucidate mechanisms of

intergenerational transmission. Several studies have

reported GXE interactions between genes implicated in

anxiety, and environmental factors in childhood. Specifi-

cally, variants of the anxiety-associated serotonin trans-

porter gene (SLC6A4) and brain derived neurotrophin

factor gene (BDNF) interact with environmental stressors

in childhood in predicting anxiety symptoms (Gatt et al.

2009; Gunthert et al. 2007; Klauke et al. 2011; Laucht et al.

2009; Stein et al. 2008). A study by Hicks et al. (2009)

examined the interplay between genetic vulnerability and

six environmental risk factors including mother–child and

father-child relations and concluded that there is evidence

for a consistent pattern of GXE interaction in the emer-

gence of anxiety and other internalizing symptoms in

adolescence. Even more recently, evidence is emerging for

epigenetic markers of response to psychotherapeutic

interventions for anxiety disorders. A study by Ziegler

et al. (2016) found that monoamine oxidase A methylation

levels, which were lower in patients with panic disorder,

compared to healthy controls, increased to normal levels in

patients who responded to CBT, but not in patients who did

not respond to treatment.

Epigenetic studies also support the interaction between

genetic and environmental transmission of anxiety vul-

nerability. The most frequently studied mechanisms for

epigenetic effects of environment on gene expression

involve DNA methylation or chromatin modification. A

comparison of DNA methylation in anxious and non-anx-

ious individuals found significantly higher global methy-

lation levels in anxious participants (Szyf 2015).

Methylation alterations in anxiety disorders have been

reported for several genes involved in anxiety regulation,

including glutamate decarboxylase 1 (Domschke et al.

2013) and OXTR. In a study comparing adults with social

anxiety disorder to matched controls decreased OXTR

methylation was associated with social anxiety disorder

diagnosis and severity, and with increased response to

social anxiety triggers including cortisol response and

amygdala activation (Ziegler et al. 2015). This research

builds on epigenetic studies in animals showing that quality

of maternal caregiving predicts alterations in offspring

DNA methylation (Weaver et al. 2004), and that early life

stress such as maternal separation is associated with

alterations to methylation in several genes implicated in

anxiety (Chen et al. 2012; Kember et al. 2012; Murgatroyd

et al. 2010; Shimada-Sugimoto et al. 2015; Sotnikov et al.

2014; Wu et al. 2014). One study with particular bearing on

the intergenerational transmission of anxiety used a cross-

fostering model to expose infant rats to mothers who were

subjected to stress and displayed abusive caregiving

behaviors (Chen et al. 2012). Compared to rats that were

exposed to positive caregiving from non-stressed mothers,
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the rats which were exposed to stressed mothers had sig-

nificant alteration in BDNF DNA methylation and grew up

to provide more negative caregiving themselves. Notably,

the offspring of those rats also showed significantly

increased BDNF methylation, illustrating the perpetuation

of the negative effects of stress across generations. Studies

in primates have also clearly documented that variations in

patterns of maternal rearing can lead to distinct epigenetic

signatures that effect how an individual’s DNA is read in

specific brain regions compared to DNA present in blood

cells (Fox et al. 2015; Provencal et al. 2012). Given the

spatial and temporal complexity of gene expression during

early human brain development (Kang et al. 2011), it is

clear that maternal stress during pregnancy and beyond can

have intergenerational consequences.

Summary

Numerous pathways and mechanisms contribute to the

cross-generational transmission of anxiety and its disor-

ders, exerting effects from prior to birth and across the

lifespan. Among these are behavioral, neurobiological,

neuroendocrinological, and genetic systems. Recent

advances, including from the fields of epigenetic and GXE

research, are beginning to tackle the formidable challenge

of desegregating what have historically been largely iso-

lated lines of research, and fusing them into what may

ultimately be a unified understanding of the whole.

Achieving this goal in its entirety will likely remain elusive

but research aimed at advancing it provides important

insights, with useful implications to the prevention and

treatment of childhood anxiety.

One example is the possibility of improving the efficacy

of parent-based behavioral interventions for childhood

anxiety by building on insights from biological research.

Involving parents in the treatment of childhood anxiety

disorders has so far not been reliably shown to improve

outcomes beyond what can be achieved through front line

child treatment (Manassis et al. 2014; Reynolds et al. 2012;

Silverman et al. 2008). This likely relates in part to the fact

that, contrary to what may be expected, parent behavior is

not necessarily differentially modified in the parent treat-

ment arm compared with the individual child treatment arm

(Silverman et al. 2009). Additionally, reduction in child

anxiety is not only a result of parent change, but also can

precede (and likely cause) changes in parental behavior.

Disentangling the complex causal pathways leading from

parent to child and from child to parent in the etiology,

maintenance, and treatment of childhood anxiety disorders

remains a challenge that will be addressed through better

understanding of the relevant cross-generational influences.

The findings reported herein, pertaining to the oxy-

tocinergic system as it relates to parental behavior and

family accommodation suggests that peripheral oxytocin

may be a useful biomarker, moderating treatment outcomes

and potentially helping to identify cases most likely to

benefit from interventions that can reduce family accom-

modation (Lebowitz 2013; Lebowitz et al. 2014a). The

authors are currently conducting research including ran-

domized controlled trials directed at unraveling these

complexities, including a focus on parenting behavior and

the oxytocinergic system. Another example is increasing

the precision with which risk for the development of anx-

iety disorders in youth can be calculated by incorporating

multiple units of analysis from several domains including

behavioral observation of parental behavior, assessment of

parent anxiety, examination of risk alleles for genetic

vulnerability, and exposure to environmental risk factors.

More precise risk assessment could lead to targeted pre-

ventative interventions, potentially reducing the cross-

generational transmission, and reducing the overall risk of

anxiety disorders.

Information from brain imaging studies, not covered in

the current review, could further enhance understanding of

cross-generational factors in fear acquisition, and the eti-

ology of anxiety disorders. To cite one example, studies

have implicated distinct brain regions in the acquisition of

fear through social processes such as vicarious learning,

and non-social processes such as direct conditioning

(Olsson and Phelps 2007). Deeper understanding of the

underlying mechanisms at work in social fear learning will

likely also shed light on the role of parental behaviors and

the cross-generational transmission of anxiety. Future

studies are also needed to examine further the neural and

hormonal basis of the dyadic interactions in anxious fam-

ilies (Lebowitz et al. 2016). Ideally, these studies would

monitor simultaneously the neural activity of both parent

and child in neutral and anxiogenic settings (Gordon et al.

2014). There are many hypotheses and experimental

paradigms to be pursued, as research continues to reveal

the pathways and mechanisms underlying the cross-gen-

erational transmission of anxiety.
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