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Early Life Predictors 
for Developing Anxiety 
and Depression



Explore early risk factors for the 
development of anxiety and 
depression.

Learning 
Objective1



Kessler RC, et al. Epidemiol Psychiatr Soc. 2009;18(1):23-33.



Anxiety Disorders in Childhood

● Common, in children and adults
– Affect up to 20% of youth

● Cause family, academic, and social dysfunction
● Prominent risk factor for psychopathology 

during adolescence and adulthood
● High levels of comorbidity with anxiety 

disorders and other disorders
● Understanding the neurobiology of anxiety 

early in life is needed to develop early 
interventions



Why Study Early-Life Risk?

Paus T, et al. Nat Rev Neurosci. 2008;9(12):947-957.
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Heritability of Anxiety Disorders

Shimada-Sugimoto M, et al. Psychiatry Clin Neurosci. 2015;69(7):388-401.

AD are complex disorders, the causes of which
derive from a combination of genetic and environ-
mental factors. The genetic basis of AD has also
been supported by well-established animal models.8

Although animal models are considered a vital tool
for advancing our basic understanding of the
genetic and neurobiological basis of AD, we will
mainly focus on human research in this review. We
will primarily address findings regarding the cat-
egorical clinical syndromes as defined in the DSM.
We mainly review two parts in this paper: (i) genetic
epidemiology; and (ii) genetic molecular studies.

GENETIC EPIDEMIOLOGY
Genetic epidemiology includes family and twin
studies. Family studies compare rates of illness in
relatives of those who have the condition (case pro-
bands) with rates in relatives of healthy controls.
Higher rates in the former group of relatives, as
parameterized by a relative risk (RR) or odds ratio
(OR) greater than 1.0, suggest familial aggregation.
The next step relies on either adoption studies (which
are not available for AD) or twin studies to differen-
tiate genetic from within-family environment as
sources of aggregation. Twin studies compare resem-
blance for a condition between members of a twin
pair using the fact that identical (monozygotic [MZ])
twins share 100% of their genes while non-identical
(dizygotic [DZ]) twins share only 50% of their genes
on average. One commonly used measure of twin

resemblance is the proband-wise concordance, that
is, the proportion of co-twins of affected index twins
who are also affected. If average concordance for MZ
pairs is greater than that for DZ pairs, this is evidence
for a genetic component to family resemblance. With
larger twin samples, one may also estimate the pro-
portion of individual differences due to the effects of
genetic factors (heritability). For conditions with sub-
stantial heritability, gene finding (linkage or associa-
tion) studies are undertaken to identify which specific
genes contribute to risk.

A 2001 meta-analysis summarized findings across
extant family and twin studies for several individual
or categories of adult AD.9 Those results suggest
an overall moderate level of familial aggregation
(OR = 4–6) and heritability (30–50%) across the AD.
Few family studies have been published since then, as
it is now well-established that all AD moderately
aggregate in families. More twin studies have been
conducted, however, with emphasis on the cause of
comorbidity or developmental risk. We will refer
to results of that meta-analysis and augment with
data from more recent studies, where available
(Table 1).9–13

Family and twin studies

PD
As reviewed by Schumacher and colleagues, data
from 19 controlled family studies overall support
the familial aggregation of PD, with relative risk to

Table 1. Summary and meta-analysis of twin studies for anxiety disorders

Disorder Reference
Number of
studies N Sex a2 c2 e2

PD Hettema et al.,9 2001 3 9007 M, F 0.43 (0.32–0.53) – 0.57 (0.47–0.68)
Agoraphobia Kendler et al.,10 1992 1 2163 F 0.39 – 0.61

Kendler et al.,11 2001 1 2396 M 0.37 – 0.63
GAD Hettema et al.,9 2001 2 12 924 M 0.32 (0.24–0.39) – 0.68 (0.61–0.76)
SAD Scaini et al.,12 2014 5 20 433 M, F 0.27 (0.12–0.42) 0.04 (–0.01–0.09) 0.69 (0.59–0.79)
Animal phobia Van Houtem et al.,13 2013 5 17 904 M, F 0.32 (0.22–0.44) – –
Situational phobia Van Houtem et al.,13 2013 4 16 474 M, F 0.25 (0–33) – –
Blood-injury-injection

phobia
Van Houtem et al.,13 2013 3 10 741 M, F 0.33 (0.28–0.63) – –

Confidence intervals are shown in parentheses.
Additive genetic effects (a2) represent the genetic component of variance due to the average effects of single alleles and are known as
heritability; shared environment effects (c2) are explained by events that happen to both twins, affecting them in the same way;
non-shared environment effects (e2) are explained by events that occur to one twin but not the other, or events that affect either twin in
a different way.
GAD, generalized anxiety disorder; PD, panic disorder; SAD, social anxiety disorder.

Psychiatry and Clinical Neurosciences 2015; 69: 388–401 Genetics of anxiety disorders 389

© 2015 The Authors
Psychiatry and Clinical Neurosciences © 2015 Japanese Society of Psychiatry and Neurology
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Genome-Wide Analysis of Over 106000 Individuals 
Identifies 9 Neuroticism-Associated Loci

Smith DJ, et al. Molecular Psychiatry 2016;21:749-757.

Neuroticism Meta-Analysis, SNPs n = 7,207,648
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Even Identical Twins Can Differ



Klengel T, Binder EB. Neuron. 2015;86(6):1343-1357.

Epigenetics of Stress-Related Disorders: Gene X 
Environment Interactions



Inhibited or Anxious Temperament (AT): Risk Phenotype 
That Precedes Anxiety and Depressive Disorders

● Extreme behavioral inhibition to novel 
situations or strangers

● Predicts development of anxiety 
disorders, depression, and co-morbid 
drug abuse

● 3-4 fold risk to develop social anxiety 
disorder

● Can be identified early in life
● Inhibited monkeys and humans share 

behavioral and physiological features
Clauss JA, Blackford JU. J Am Acad Child Adolesc Psychiatry. 2012;51(10):1066-1075.



Proposed Anxiety Trajectories for 
Children with High Anxious Temperament

Fox AS, Kalin NH. Am J Psychiatry. 2014;171(11):1162-1173.



Nonhuman Primates Provide a Unique Opportunity 
for Studying Human Psychopathology



freezing é cooing ê

+ +

=   AT3
cortisol é

AT predicts naturally 
observed shyness behaviors

Anxious Temperament: A Composite 
Including Freezing and HPA Activity

Fox AS, et al. PLoS One. 2008:3(7):e2570.



The Amygdala is Critical for Fear and 
Anxiety

Ledoux AA, et al. Front Behav Neurosci. 2014;8:88. 

Cortical pathway
“high road”

Subcortical pathway 
“low road”



Amygdala – Frontal Connectivity: 
A Pathway for Emotion Regulation

Adapted from Ghashghaei HT, et al. Neuroimage. 2007;34(3):905-923. 



Validation of the Nonhuman Primate Model: Altered 
Prefrontal-Amygdala Function in Pre-adolescent Children 
with Anxiety Disorders and Young Rhesus Monkeys 

Fox AS, Kalin NH. Am J Psychiatry. 2014;171(11):1162-1173.



Elevated Dorsal Amygdala/Ce Activation During 
Uncertain Anticipation in Preadolescent Children with 
Anxiety Disorders

Builds on sample from Williams LM, et al. Neuropsychopharmacology. 2015;40(10):2398-2408.

p < .05, corrected

n = 33 anxiety disorder, 28 controlP < .005, uncorrected



Correlation with AT, bonferroni corrected

t=5.24 t>8
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AT-Related Regions in Young Monkeys 

n = 592 young rhesus monkeys

Fox AS, et al. Proc Natl Acad Sci U S A. 2015;112(29):9118-9122.

Oler JA, et al. Nature. 2010;466(7308):865-868.



Heritability of AT

Fox AS, et al. Proc Natl Acad Sci U S A. 2015;112(29):9118-9122.
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Fox AS, et al. Proc Natl Acad Sci U S A. 2015;112(29):9118-9122.

AT-Related Regions are Heritable

H2 in AT-related regions, FDR-corrected, q<.05



Rhog in heritable AT-related regions, FDR-corrected, q<.05
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Fox AS, et al. Proc Natl Acad Sci U S A. 2015;112(29):9118-9122.

Some AT-Related Regions 
Show Significant Genetic 

Correlation with AT



Evolutionarily-Conserved Decrease in dlPFC-Ce 
Functional Connectivity in Young Anxious Monkeys 
and Children

Birn RM, et al. Mol Psychiatry. 2014;19(8):853.

n = 89 n = 14 anxiety disorder, 14 control



White Matter Tracts in Relation to 
Anxiety Disorders 
●Consists of axons and 

myelin
●Timing and integration 

of information
●50% of the brain, yet 

often ignored





Schmahmann JD, Pandya DN. J Hist Neurosci 2007;16(4):362-377.

Altered Prefrontal Cortical and Amygdala Interactions 
Via Uncinate Fasciculus May Underlie Anxiety

Prefrontal Cortex
OFC (11)

ventral PFC (25)
insular cortex (13/14)

ACC (32/24)

Temporal lobe
amygdala

hippocampus
anterior temporal lobe
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Decreased White Matter Integrity (FA) in the UF 
Associated with Higher Anxiety Across Age and 
Species

Tromp DP, et al. Arch Gen Psychiatry. 2012;69(9):925-934.
Tromp DP, et al. Am J Psychiatry. 2019 Jan:appiajp201818040425. doi: 10.1176/appi.ajp.2018.18040425. [Epub ahead of print]



Extended Amygdala is a Core Component of 
AT with Downstream and Upstream Partners

PAG

Extended 
Amygdala

OFC

Downstream Target of the 
Extended Amygdala

Modulates Extended 
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Example CeA Lesion
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* = Control vs. Lesion p<.05
Kalin NH, et al. J Neurosci. 2004;24(24):5506-5515.



Performing Post-Mortem Transcriptome 
Studies to Identify Novel Molecular Targets

Why Study RNA?
● Reflection of the regulated 

step between DNA and 
protein

● Deficits in RNA expression 
and regulation is linked to 
numerous diseases

Assessing gene function measuring mRNA



Identifying Alterations in Gene Expression 
Relevant to AT: At-Related Ce Gene Expression

Fox AS, et al. Proc Natl Acad Sci U. S. A. 2012;109(44):18108-18113.



Expression of Neuroplasticity-Related Genes in 
Ce is Negatively Associated with AT

●217 negatively associated with AT (p<.05)
– Actin filament-based process (GO:0030029)
– mRNA processing (GO:0006397)
– Neurotrophin TRK receptor signaling pathway (GO:0048011)
– Axon guidance (GO:0007411)

1. Fox AS, Souaiaia T, et al. Presented at Society of Biological Psychiatry, 70th Annual Meeting. May 14-16, 2015.; 2. Fox AS, et al. 
Proc Natl Acad Sci U. S. A. 2012;109(44):18108-18113.; 3. Fox AS, Kalin NH. Am J Psychiatry. 2014;171(11):1162-1173.



Fox AS, Souaiaia T, et al. Presented at Society of Biological Psychiatry, 70th Annual Meeting. May 14-16, 2015.

Ce NTRK3 Gene Expression Predicts AT in 46 
Young Non-Human Primates
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Combining gene 
manipulation studies with 
behavioral and human 
imaging measures as a 
“proof of concept” for 
testing new drug targets 
in primates.



Real-Time MRI for Site Specific 
Delivery of Viral Vector (AAV2)

Kalin NH, et al. Biol Psychiatry. 2016;80(5):345-355.



Testing the Neuroplasticity Hypothesis: 
AAV5 Virus to Overexpress NT-3

Kalin NH, et al. Biol Psychiatry. 2016;80(5):345-355.
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Kalin NH, et al. Biol Psychiatry. 2016;80(5):345-355.

NT-3 Overexpression

Infusion Overlap (n = 4/5)

Rhesus NT3 
cDNA insert

NT3 AAV Viral Vector
Expression Construct

Control AAV5-NT3



NT3 NeuN

DAPI

NT3 Green
NeuN Red
DAPI Blue

Overexpression of NT3 in Neurons of 
the Dorsal Amygdala

Kalin NH, et al. Biol Psychiatry. 2016;80(5):345-355.



Ce AVV5 NT3 Decreases AT

AT is significant p<.05 one-tailed significant, t=-2.515, p=0.066; t=-3.013, p=0.039, two-tailed paired t-test
Kalin NH, et al. Biol Psychiatry. 2016;80(5):345-355.



Reversibly Manipulating Neural Circuits in 
Primates: Proof of Concept for Humans



Subject 43iMRI [11C]clozapine PET

In Vivo PET Assessment of DREADDs: 
Clozapine Binding

AAV2/5-hSyn-hM4Di – 6.95 x 1013 gc/ml
Right hemisphere injections: Amygdala (24 µL) and Putamen (24 µL)



In collaboration with Adriana Galvan

EM localization of DREADDs expression

plasma membrane 
intracellular space

DREADDs Expression in the Primate 
Amygdala
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AAV2/5-hSyn-hM4Di 
– 6.95 x 1013 gc/ml



group T-test on difference score

t8 = 2.966, p = 0.018*

N = 10, 5 Control and 5 Experimental
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Call to Action

● It is important to take into account complex interactions 
between genetic and early life environment

● Identify early risk associated with sub-syndromal trait-like 
anxiety 

● Early interventions have the potential to be preventative 
● New treatments should be based on scientific knowledge 

focused on molecular alterations in specific neural circuits
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A Review and Meta-Analysis of the Genetic 
Epidemiology of Anxiety Disorders

1568 Am J Psychiatry 158:10, October 2001

Reviews and Overviews

A Review and Meta-Analysis of the Genetic Epidemiology 
of Anxiety Disorders

John M. Hettema, M.D., Ph.D.

Michael C. Neale, Ph.D.

Kenneth S. Kendler, M.D.

Objective: The authors conducted meta-
analyses of data from family and twin
studies of panic disorder, generalized anx-
iety disorder, phobias, and obsessive-
compulsive disorder (OCD) to explore the
roles of genetic and environmental fac-
tors in their etiology.

Method: MEDLINE searches were per-
formed to identify potential primary stud-
ies of these disorders. Data from studies
that met inclusion criteria were incorpo-
rated into meta-analyses that estimated
summary statistics of aggregate familial
risk and heritability for each disorder.

Results: For family studies, odds ratios
predicting association of illness in first-de-
gree relatives with affection status of the
proband (disorder present or absent) were
homogeneous across studies for all disor-
ders. The calculated summary odds ratios
ranged from 4 to 6, depending on the dis-
order. Only for panic disorder and general-
ized anxiety disorder could the authors
identify more than one large-scale twin

study for meta-analysis. These yielded her-
itabilities of 0.43 for panic disorder and
0.32 for generalized anxiety disorder. For
panic disorder, the remaining variance in
liability could be attributed primarily to
nonshared environment. For generalized
anxiety disorder, this was true for men, but
for women, a potentially significant role
for common familial environment was
also seen.

Conclusions: Panic disorder, general-
ized anxiety disorder, phobias, and OCD
all have significant familial aggregation.
For panic disorder, generalized anxiety
disorder, and probably phobias, genes
largely explain this familial aggregation;
the role of family environment in gener-
alized anxiety disorder is uncertain. The
role of nonshared environmental ex-
perience is significant, underscoring the
importance of identifying putative envi-
ronmental risk factors that predispose in-
dividuals to anxiety.

(Am J Psychiatry 2001; 158:1568–1578)

Anxiety disorders are common; lifetime prevalence
for the group of disorders is estimated to be as high as 25%
(1). They are highly comorbid with each other and with
other psychiatric conditions (2), particularly mood disor-
ders (3). Anxiety disorders carry a substantial burden of
distress and impairment that is comparable to that of
chronic “medical” disorders, such as diabetes (4–8). As
such, their etiology has been, and continues to be, a major
target of investigation.

A long history of primary studies has sought to deter-
mine whether anxiety disorders are familial and to esti-
mate their heritability. A number of excellent, detailed re-
views of the genetic epidemiology of anxiety disorders
have also appeared (e.g., reference 9). Much knowledge
has been amassed in this area; however, to date, there has
been no attempt to summarize the information quantita-
tively. Therefore, a meta-analytic treatment of the data is
timely, particularly as many research groups have begun
to search for “anxiety genes.”

We have attempted to answer, by means of a meta-anal-
ysis of selected epidemiological studies, the following two
questions for major anxiety disorders: 1) what is the mag-
nitude of the familial aggregation of anxiety disorders?

2) what is the relative contribution of genetics and envi-
ronment to their etiology?

We applied this method to the following anxiety disor-
ders: panic disorder, generalized anxiety disorder, pho-
bias, and obsessive-compulsive disorder (OCD). We were
limited to family and twin studies, as we know of no avail-
able adoption studies of anxiety disorders.

Method

The basic goals of meta-analysis, as applied in this study to the
genetic epidemiology of anxiety disorders, are 1) to determine the
consistency between differing results by testing for heterogeneity
across studies and 2) to combine data from multiple primary
studies for the purpose of synthesizing the information, thus pro-
viding more reliable, precise, and less biased aggregate estimates
of familial risk and heritability.

We performed a keyword-driven MEDLINE search to identify
all potential primary studies for inclusion in our analyses. In ad-
dition, we searched the reference sections of these manuscripts
and existing reviews for additional sources. We limited our analy-
ses to studies involving adult subjects that estimated the risk in
relatives for the same anxiety disorder as that diagnosed in the
proband. Although some of the studies included in this analysis
examined the question of familial and genetic sources of the co-

Hettema JM, et al. Am J Psychiatry. 2001;158:1568-1578.



Childhood Normative Fears and 
Development

Seminar
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Moreover, the anxiety disorders can be thought of as 
sharing common dimensions, such as acute fear, 
anticipatory anxiety, or sustained threat response, 
which form part of the negative valence construct 
outlined in the Research Domain Criteria initiative 
from the National Institute of Mental Health.9,10 Such 
dimensions could explain the common comorbidity 
between anxiety disorders.

Diff erential diagnosis
Although the various anxiety disorders share many 
clinical features (hence their grouping together), they 
can be distinguished from one another by their defi ning 
diagnostic characteristics. Diff erent anxiety disorders can 
have identical or very similar behavioural manifestations 
(eg, avoidance), but enquiries about associated beliefs 
(ie, cognitions) usually allow discernment of the 
prevailing diagnosis. For example, an individual might 
describe fear of being in crowds, such as shopping 
centres. The underlying anxiety disorder could be 
agoraphobia (if the fear is of incapacitation or being 
unable to escape from such situations), social anxiety 
disorder (if the fear is of scrutiny and assessment by 
others in such situations), panic disorder (if the fear is of 
panic attacks), separation anxiety disorder (if the fear is 
of separation from an attachment fi gure), or specifi c 
phobia (eg, if the fear is of lifts).

However, inquiry into cognitive ideation might not be 
suffi  cient. Selective mutism, for example, can be very 
diffi  cult to distinguish from social anxiety disorder. This 
overlap is an artifact of the diagnostic criteria, in which  
most children with selective mutism are acknowledged 
to also meet criteria for social anxiety disorder (at least in 
DSM-5).6 Many experts see these conditions as the same 
underlying disorder, although the DSM-5 Anxiety Work 
Group thought that evidence was insuffi  cient to unify the 
diagnoses.11 Another example is fear of driving, for which 
the diff erential diagnosis includes agoraphobia (defi ned 
by the presence of several characteristic fears, one of 
which could be driving in some situations) and specifi c 
phobia (defi ned by the presence of a specifi c fear, which 
could be driving in general or driving on bridges 
specifi cally). Inevitably, such diagnostic conundrums are 
resolved over time as the clinician and patient become 
more cognisant of the motivations for (if not always the 
origins behind) the fears and related behaviours.

Importantly, panic attacks—although prototypical of 
panic disorder when they occur unexpectedly or without 
an obvious cue or trigger—occur in association with 
many other mental disorders. Individuals with social 
anxiety disorder might have panic attacks in anticipation 
of imminent exposure to a horde of strangers at a 
business event. Those with post-traumatic stress disorder 
might have panic attacks when exposed to reminders of 
their traumatic events. Patients with depression can have 
occasional panic attacks, which might connote a severe 
and diffi  cult course of depressive illness.12

Many mental and physical health conditions have 
symptoms that overlap with and yet can be diff erentiated 
from anxiety disorders. Major depression and bipolar 
disorder are frequently accompanied by anxiety 
symptoms: depression with anxiety symptoms can be 
considered the modal presentation of such disorders in 
most clinical settings.13 Although depressive disorders 
are typifi ed by features such as anhedonia and 
hopelessness, which are not inherent in anxiety 
disorders, many patients with depression are also 
anxious. This dual presentation of anxiety plus 
depression might refl ect true comorbidity (eg, co-
occurring major depression and generalised anxiety 
disorder), so-called anxious depression (codifi ed in 
DSM-5 as depression with anxious features, which might 
or might not refl ect true comorbidity), or possibly even 
mixed anxiety and depressive disorder: a combination of 
subsyndromal depressive and anxiety symptoms.7,14 
Anxiety symptoms are myriad in association with alcohol 
and other substance-use disorders, during both use (eg, 
cocaine) and withdrawal (eg, alcohol; table 1).

Epidemiology
Anxiety disorders as a group are the most common class 
of mental disorders.1 In a systematic review2 of prevalence 
studies across 44 countries, the global prevalence of 
anxiety disorders was estimated at 7·3% (95% CI 
4·8–10·9), suggesting that one in 14 people around the 
world at any given time has an anxiety disorder. 
Furthermore, roughly one in nine (11·6% [95% CI 
7·6–17·7]) will have an anxiety disorder in a given year. 
Worldwide, women are twice as likely as men are to have 
an anxiety disorder; adults aged 55 years or older are 20% 
less likely to have an anxiety disorder than are those aged 
35–54 years. Notably, prevalence estimates for anxiety 
disorders vary across countries, with 12 month prevalence 
ranging from 2·4% in Italy to 29·8% in Mexico. 
Controlling for variations in characterisation and 
methods, prevalence in the USA and European countries 
tends to be higher than that in other areas of the world. 
Although no data exist for prevalence of anxiety disorders 
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Figure: Normative fears throughout childhood and adolescence
Figure adapted from Beesdo-Baum and Knappe.4 

Figure adapted from Beesdo-Baum K, Knappe S. Child Adolesc Psychiatri Clin N Am. 2012;21:457-478.
Craske MG, Stein MB. Lancet. 2016;388(10063):3048-3059.



No eye contact condition (NEC)

Assessing AT

Human Intruder Paradigm: A Method to Assess Adaptive 
Defensive Responses as Well as Anxious Temperament  

Kalin NH. Sci Am. 1993;268:94-101.



Capturing Ce 
and BST 
Neurons 
with LCM for 
RNAseq

Neurons from 47 animals 
from CeL have already 
been collected.

Mean = 650 neurons
std = 66



Ce AVV5 NT3 FDG-PET
Change is Associated with Freezing

Kalin NH, et al. Biol Psychiatry. 2016;80(5):345-355.

Ce / BST 
Metabolism

Anxious 
Temperament

and correlated

Group by time interaction (pos): p<.05, two-tailed AND negatively correlated with pre-post 
change in AT, p<.05, two-tailed



Support for Our Extended Amygdala 
Neuroplasticity Hypothesis in Mediating AT

Fox AS, et al. Proc Natl Acad Sci U. S. A. 2012;109(44):18108-18113.
Fox AS, Kalin NH. Am J Psychiatry. 2014;171(11):1162-1173.
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Testing Mediators Of AT: Corticotrophin 
Releasing Hormone (CRH) In Ce

Rogers J, et al. Mol Psychiatry. 2013;18(6):700-707.
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Overexpression of CRH in
the Ce

Kalin NH, et al. Biol Psychiatry. 2016;80(5):345-355.

Infusion monitoringCRH expressionCRH
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N = 5, per group

p <. 05, one-tailed

Ce CRH Overexpression Increases AT

Kalin NH, et al. Biol Psychiatry. 2016;80(5):345-355.


