
NEW RESEARCH
A Genetically Informed Study of the Longitudinal Relation
Between Irritability and Anxious/Depressed Symptoms
JOURNAL

VOLUM
Jeanne Savage, BA, Brad Verhulst, PhD, William Copeland, PhD, Robert R. Althoff, MD, PhD,
Paul Lichtenstein, MD, Roxann Roberson-Nay, PhD
Objective: Little is known about the longitudinal genetic
and environmental association between juvenile irritabil-
ity and symptoms of anxiety and depression. This study’s
goal was to assess the relationship between these con-
structs across a critical developmental period spanning
childhood to young adulthood.

Method: Parents (n ¼ 1,348 twin pairs) from the Swedish
Twin Study of Child and Adolescent Development
completed the Child/Adult Behavior Checklist (CBCL/
ABCL) about their twin children. Data were collected
during a prospective, 4-wave study starting in childhood
(ages 8–9 years) and ending in young adulthood (ages 19–
20 years). An irritability score and an anxious/depressed
score were computed from CBCL/ABCL item endorse-
ments. Genetically informative cross-lagged models were
used to estimate the genetic and environmental relation-
ship between these 2 constructs across time.

Results: Our models suggested that irritability more
strongly predicted anxious/depressed symptoms than
vice versa, consistent with a causal role of irritability on
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anxiety/depression at older ages. This relationship was
significant only in late childhood/early adolescence. Ad-
ditive genetic and unique environmental factors were
significant contributors to both irritability and anxious/
depressed symptoms and were both specific to and shared
between these 2 constructs. The same common environ-
mental factors influenced both constructs, although these
factors accounted for a smaller amount of variance than
genetic or unique environmental factors.

Conclusion: This study adds to our understanding of the
developmental relationship between irritability and
anxious/depressed symptoms and the contribution of
genes and environmental factors to their association
across development. Findings suggest the need to monitor
for emergence of internalizing symptoms in irritable chil-
dren and their potential need for therapeutic intervention.
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t is common for youth to experience transient irritability
related to specific environmental events. There is a subset
I of youth (w3% of the general population), however, who

expresses stable, clinically significant levels of irritable
mood.1-3 It was previously thought that chronic irritable
mood in youth was a risk factor for the development of bi-
polar disorder later in life,4,5 but subsequent research has not
borne out this developmental psychopathological relation-
ship; rather, longitudinal studies of children exhibiting
chronic irritability indicate that this clinical phenotype in-
creases risk of developing internalizing conditions such as
generalized anxiety disorder and unipolar depression.6-11

Related, recent findings suggest that self-reported irritabil-
ity in youth with anxiety disorders is comparable to that
observed in youth with severe mood disorders12 and have
demonstrated that the irritable dimension of oppositional
defiant disorder is related to later depressive and anxiety
disorders.13,14 Available longitudinal studies suggest that
irritability is heterogeneous and consists of multiple trajec-
tories that are differentially associated with parental psy-
chopathology, particularly maternal depression, as well as
development of mood and anxiety conditions later in
life.10,15 Collectively, this implies that chronic irritable mood
is modestly prevalent, heterogeneous, associated with
parental psychopathology, and predicts development of
anxiety and mood-related (internalizing) psychopathology.
Although cross-sectional and longitudinal studies impli-
cate early irritability as a risk factor for multiple internalizing
disorders, it is unclear whether these constructs are pheno-
typically related to each other (e.g. whether early irritability
causes or contributes to the development of anxiety/
depression later in life) or whether they have shared un-
derlying etiologies (e.g., shared genetic liabilities that cause
both irritability and anxiety/depression). Thus far, existing
studies have not empirically compared these 2 competing
hypotheses.

Individually, irritability, anxiety, and depression are each
moderately heritable traits that are influenced by both ge-
netic and environmental factors.16-18 Pediatric anxiety dis-
orders are associated with higher heritability estimates
compared to adults and their genetic effects exhibit a dy-
namic course throughout development.17 Genetically
informed studies also indicate that anxiety and mood dis-
orders are interrelated facets of a broader internalizing
construct, as the anxiety disorders share genetic and envi-
ronmental risk factors with each other and with related
phenotypes such as major depression.15,18 In addition, there
is evidence that irritability shares genetic variation with
depression symptoms.16 Previous studies have primarily
investigated the association between irritability and specific
disorders such as depression or generalized anxiety disor-
der; however, the overlap between these internalizing
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constructs, and between internalizing psychopathology and
irritability, suggests a need for a comprehensive evaluation
of the associations between these constructs and of the ge-
netic and environmental factors that may underlie their co-
morbidity and developmental co-evolution.

The current study sought to elucidate the nature of the
relationship between irritability and anxious/depressed
symptoms from childhood through the young adult years.
Our purpose was to compare the evidence for a shared lia-
bility (genetic or environmental etiology shared between ir-
ritability and internalizing psychopathology) versus a direct
phenotypic association underlying the relationship between
these 2 traits. In this study, we examined the contributions
of genetic and environmental factors to the temporal rela-
tion between irritability and internalizing symptoms in a
population-based cohort of Swedish twins assessed 4 times
between the ages of 8 and 20 years. We used a longitudinal
cross-lagged model to explore the simultaneous develop-
ment of these 2 traits over time to provide insight into the
possible mechanisms underlying their relationship. Deter-
mining the longitudinal relationship between irritability and
anxious/depressed symptoms may inform clinical preven-
tion efforts. For example, if early irritability predicts the
emergence of anxious/depressed symptoms, then targeting
irritability via therapeutics may decrease the likelihood of
the manifestation of anxious/depressed symptoms. Alter-
natively, a shared liability model would indicate risk factors
that could be tailored to prevent the development of both
irritability and internalizing symptoms.

We measured the irritability and anxiety/depression
phenotypes using the Achenbach System of Empirically
Based Assessment (ASEBA).19-21 Our primary goals were as
follows: to estimate the temporal relationship between irri-
tability and anxious/depressed symptoms to identify direct
associations between these constructs; to clarify whether the
genetic and environmental architecture is shared between
irritability and anxious/depressed symptoms; and to assess
the stability of genetic and environmental contributions to
the 2 phenotypes from childhood to young adulthood.
TABLE 1 Descriptive Statistics for Irritability and Anxiety/
Depression Scores Across 4 Waves of Measurement

Measure Mean SD Range

Irritability
Wave 1 1.06 1.31 0e6
Wave 2 0.99 1.30 0e6
Wave 3 0.94 1.28 0e6
Wave 4 0.75 1.04 0e6

Anxiety/depression
Wave 1 1.74 2.46 0e21
Wave 2 1.60 2.43 0e21
Wave 3 1.55 2.46 0e20
Wave 4 2.36 2.69 0e17
METHOD
Study Participants
Data analyzed in this study are from the Swedish Twin Study of
Child and Adolescent Development (TCHAD).22 All twin pairs
residing in Sweden in 1994 and born between May 1985 and
December 1986 were contacted for study participation. Data from
2,719 twin individuals were available, although zygosity was not
known for some twin pairs or only 1 member of the pair partici-
pated, resulting in 1,348 twin pairs for the current analyses. Zygosity
groupings included 267 female–female monozygotic (MZ) pairs, 199
female–female dizygotic (DZ) pairs, 254 male monozygotic pairs,
182 male dizygotic pairs, and 408 opposite-sex (OS) dizygotic pairs.

Twins were contacted for study participation at 4 waves via a
mailed questionnaire. Of the twins returning study questionnaires,
twin ages at the time of the assessments included 8 to 9 years (wave
1, n ¼ 1,090 pairs, 81% response rate), 13 to 14 years (wave 2,
n ¼ 1,060, 79% response rate), 16 to 17 years (wave 3, n ¼ 1,065,
79%), and 19 to 20 years (wave 4, n ¼ 576, 43%). The ethics com-
mittee of the Karolinska Institute, Stockholm, Sweden, approved
378 www.jaacap.org
the study questionnaires. Zygosity was determined by DNA testing.
Twins’ DNA was extracted from saliva samples using OraGene
(DNA Genotek Inc., Ottawa, ON, Canada) DNA self-collection
kit. For twins with no DNA sample, zygosity was determined
based on an algorithm derived from discriminant analyses of twins’
and parents’ responses to validated zygosity questionnaires. For
cases with inconclusive zygosity assignments (n ¼ 100, 3.4%),
zygosity was coded as unknown; these twins were excluded from
analyses.
Derivation of the Irritability and Anxiety/Depression
Phenotypes
Parent reports of twin irritability and anxious/depressed symptoms
were obtained using items from the Child Behavior Checklist
(CBCL) and, when twins were ages 19 to 20 years, the Adult
Behavior Checklist (ABCL).18-20 All items on the CBCL and ABCL
were scored on a 3-point scale, where 0 ¼ not true, 1 ¼ somewhat or
sometimes true, and 2 ¼ very true or often true.

The irritability dimension was previously identified using the
CBCL oppositionality items and included the following: stubborn,
sullen, or irritable; sudden changes in mood; temper tantrums or hot
temper; and argues a lot. Examination of the factor structure of the
irritability dimension in our sample of twins indicated that the “ar-
gues a lot” item did not load highly (factor loading range ¼ �0.05 to
0.30) on the irritability dimension.23 For this reason, this item was not
included as part of the irritability dimension. Thus, the CBCL items
defining the irritability dimension across development in this study
included the following: stubborn, sullen, or irritable mood; sudden
changes in mood; and temper tantrums or hot temper, with all items
loading strongly on the irritability factor (range 0.61–0.91).23 An ir-
ritability score was created for each wave by summing the 3 irrita-
bility items. The Anxious/Depressed subscale is a factor-derived
scale from the standard CBCL/ABCL profile, and includes 13 items
tapping anxiety and depressed mood, which do not overlap with the
irritability items. The repeated measures of the Irritability score and
the Anxious/Depressed subscale of the CBCL/ABCL served as the
primary variables in the autoregressive cross-lagged twin models
(see Analytic Model section below). Irritability scores and anxious/
depressed scores were treated as continuous traits. To evaluate the fit
of our entire model, we used the Akaike Information Criterion
(AIC)24 and c2 likelihood-ratio test for nested models. The lower the
AIC value, the better the balance of explanatory power and parsi-
mony, whereas a nonsignificant likelihood-ratio test statistic in-
dicates that the fit of the model has not significantly decreased after
constraining parameters. EFA analyses were performed in Mplus 6,25

using the weighted least squares mean variance estimator (WLSMV),
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while the autoregressive cross-lagged twin model was conducted
with the OpenMx 2.0 package for R statistical software to account for
the nonindependence of the items for twin in the same family.26-28 In
OpenMx, we used a full-information maximum likelihood procedure
to estimate model parameters and likelihood-based CIs that is robust
to nonnormal variable distributions.

Analytic Model
A genetically informed, autoregressive, cross-lagged structural
equation model was used to estimate the longitudinal covariance
structure of the data. This model examines the stability and change
in 2 or more constructs across time and tests the extent to which each
trait influences the other at later time points. More specifically, as
examined here, this model can be used to explore the simultaneous
development of 2 traits and provides some insight into the mecha-
nisms underlying the relationship between them. In autoregressive
cross-lagged models, there are 4 central components29: the autore-
gressive parameters that test the stability of each trait across time;
the synchronous correlations that measure the within-time covari-
ance between traits at each time point; the cross-lagged components
that estimate the extent to which trait A at time 1 influences trait B at
time 2, and vice versa; and the innovations or residuals that repre-
sent time-specific factors influencing each trait, beyond the in-
fluences carried over from earlier time points.

Of these 4 components, the cross-lagged components provide a
robust test for spuriousness and allow inferences about the likely
causal predominance of 1 variable or the other by ruling out
noncausal alternative models.29,30 Specifically, if the standardized
cross-lagged pathway from the first trait at time t on the second trait
at time tþ1 is significantly larger than the corresponding stan-
dardized cross-lagged pathway from the second trait at time t on the
first trait at time tþ1, then it is unlikely that the longitudinal rela-
tionship between the 2 variables is spurious (due to a third, un-
measured factor that causes both). Although a correlation, and
therefore far from definitive proof of causation, such a relationship
would provide stronger evidence that trait 1 causes trait 2 rather
than vice versa. Alternatively, if there is no difference between the
standardized cross-lagged parameters, there is no evidence for a
causal relationship, and therefore the correlation between the 2 traits
is most likely due to an unmeasured variable underlying both traits.
Although not as conclusive an argument for causality as an exper-
imental design with random assignment, this quasi-experimental
method controls for the primary noncausal alternative explanation
TABLE 2 Model Fit Statistics for a Four-Wave Cross-Lagged Mode

Base Model Comparison Model

Full model — 52
Full model Nonsignificant C paths fixed to zero 52
Nonsignificant
C paths fixed to 0

Same autoregressive and cross-lagged
structure across time

52

Nonsignificant
C paths fixed to 0

Equal cross-lagged paths (within time,
across all measurement intervals)

52

Nonsignificant
C paths fixed to 0

Equal cross-lagged paths (interval between
wave 1 and wave 2)

52

Nonsignificant
C paths fixed to 0

Equal cross-lagged paths (interval between
wave 2 and wave 3)

52

Nonsignificant
C paths fixed to 0

Equal cross-lagged paths (interval between
wave 3 and wave 4)

52

Note: �2LL ¼ minus twice the loglikelihood; AIC ¼ Akaike’s Information Criteria; C p
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for a correlation between 2 variables—that is, spuriousness.29 Kenny
recommends the use of the cross-lagged model as an intermediate
step between testing bivariate cross-sectional/longitudinal re-
lationships and conducting experimental manipulations of the in-
dependent variable in establishing a causal relationship.29 Many
variables of interest to social scientists cannot practically or ethically
be assessed with true random experimental designs. For such con-
structs, the cross-lagged model provides a test for spuriousness and
allows investigators to augment the body of evidence in support of 1
direction of phenotypic relationship versus another. However, It
should be noted that a nonspurious relationship is suggestive, but
certainly not definitive, evidence of causality.

In addition to the autoregressive cross-lagged model, we dis-
aggregated measured phenotypic variance into additive genetic (A),
common (shared) environmental (C), and unique (nonshared)
environmental (E) components. Measured trait variation of twins
can estimate genetic and environmental influences because MZ
twins are genetically identical, whereas DZ twins share approxi-
mately half of their segregating alleles (allowing us to estimate the
genetic component), and both twin types are raised together, thus
sharing a variety of environmental influences (allowing us to esti-
mate the shared environmental component). Because MZ twins are
100% genetically identical and share 100% of their common envi-
ronment (C), the amount of disassociation for a given trait is due to
unique (nonshared) environmental influences (E). Thus, estimates of
E capture unique, individual experiences that influence twins, and
also include measurement error. Detailed descriptions of twin
models are available.30 Within the longitudinal model, the initial
cross-trait correlation as well as all of the genetic and environmental
innovations (residuals) can be decomposed into genetic and envi-
ronmental sources of variance.
RESULTS
Descriptive statistics for parent-rated irritability and
anxious/depressed symptoms in our sample across time are
shown in Table 1. Mean irritability levels decreased
modestly across time, whereas mean levels of anxiety/
depression were relatively consistent across early to mid-
adolescence but increased markedly at age 19 to 20 years.

Univariate biometric models indicated that the assump-
tions of equal means and variances between twins held for
l of Irritability and Anxiety/Depression

�2LL df AIC �2LL Diff. df Diff. p

476.9 14746 22984.9 — — —

480.2 14756 22968.2 3.33 10 .97
540.5 14764 23012.5 60.3 8 4.11E-10

488.0 14759 22970.0 7.8 3 .05

485.5 14757 22971.5 5.3 1 .02

481.4 14757 22967.4 1.2 1 .28

481.5 14757 22967.5 1.3 1 .26

ath ¼ common environmental path; df ¼ degrees of freedom; Diff. ¼ difference.
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each phenotype at each age, and therefore our data were
suitable for multivariate modeling. After fitting a full cross-
lagged model with all parameters estimated, we tested
several submodels to assess the significance of the parame-
ters (model fit statistics shown in Table 2) to determine
which genetic/environmental sources of variance were
important to these traits at each age and the relationship
between irritability and anxiety/depression across time.

We first tested the significance of the latent genetic and
environmental effects on the phenotypes at each time point.
In the full model, all of the estimates of additive genetic (A)
and unique environmental (E) effects were significant, as
evidenced by 95% CIs that did not overlap zero. These re-
sults indicate that there are genetic and unique environ-
mental factors influencing both phenotypes, at the first wave
and with innovations (novel influences) at each later age. In
contrast, a single set of common environmental factors (C)
had an impact on both irritability and anxious/depressed
symptoms at the first wave, but there were no novel factors
having a significant impact on these traits at older ages. We
were able to drop all of the C parameters except for a single
factor affecting both phenotypes at the first wave without a
significant decrease in model fit (likelihood-ratio test p > .05
in row 2 of Table 2). It should be noted, however, that
genetic/environmental effects at the first wave continue to
have effects on traits at later ages through the phenotypic
relationship between traits across time. An illustration of this
model is shown in Figure 1.

All of the parameters in the model depicted in Figure 1
(standardized estimates are presented) were statistically
significant (p < .05), including all of the autoregressive and
cross-lagged paths. The autoregressive parameters were
much larger than the cross-lagged parameters, indicating a
substantial continuity of the traits over time. Although the
FIGURE 1 Path diagram presenting results from the cross-lagged
anxious/depressed (ANX-DEP) symptoms at ages 8 to 9 (wave 1),
years. Note: A ¼ additive genetic factors; C ¼ common environme
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structure of the autoregressive and cross-lagged paths
looked similar across time (e.g. the irritability autoregressive
path estimates were 0.32–0.43, the anxiety/depression
autoregressive path estimates were 0.18–0.22, and the cross-
lagged path estimates ranged from 0.05–0.10 for irritability’s
effect on anxiety/depression and 0.03–0.05 for anxiety/de-
pression’s effect on subsequent irritability), equating this
structure across time led to a highly significant decrease in
model fit (Table 2, row 3).

Next, we focus on the temporal relationship between ir-
ritability and anxiety/depression. The magnitude of the
standardized cross-lagged paths indicated that irritability
had a stronger effect on anxiety/depression at subsequent
measurement occasions (b ¼ 0.05–0.10) than anxiety/
depression had on irritability (b ¼ 0.03–0.05), although both
effects were small. To formally test for spuriousness, we
constrained these cross-lagged paths to equality between
phenotypes but within time, and tested the change in model
fit (Table 2, rows 4–7). For example, we constrained the effect
of irritability at wave 1 on anxiety/depression at wave 2 to
be equal to the effect of anxiety/depression at wave 1 on
irritability at wave 2, and so on for each pair of measurement
occasions. We found that including these constraints across
all waves led to a significant decrease in model fit (p ¼ .05).
Testing each pair of waves individually (Table 2, rows 5–7)
indicated that this was primarily driven by a lack of equiv-
alence of the cross-lagged paths during the first time inter-
val, from wave 1 to wave 2 (p ¼ .02). Specifically, the effect of
irritability at age 8 to 9 years on anxiety/depression at ages
13 to 14 was larger than the effect of anxiety/depression on
irritability, providing support for irritability having a direct
phenotypic effect on later anxiety/depression rather than
vice versa, as well as evidence against a spurious relation-
ship induced by a third factor. This effect appears to be
model of the associations between irritability (IRRIT) and
12 to 13 (wave 2), 16 to 17 (wave 3), and 19 to 20 (wave 4)
ntal factors; E ¼ unique environmental.
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developmentally specific, as constraining the cross-lagged
paths to equality between the later waves did not lead to a
statistically significant decrease in model fit. Accordingly,
this model suggests that the relationship between irritability
and depression in this age group is not spurious, but rather
that irritability in late childhood may directly influence
anxiety/depression symptoms in adolescence.

Of note, the autoregressive and cross-lagged path co-
efficients are similar to regression b coefficients. So, for
example, the autoregressive coefficients represent the direct
relationship between a 1-SD increase in irritability or
anxious/depressed symptoms at time t and the corre-
sponding increase in the trait at time t þ 1. Following path
tracing rules, we can identify the variance/covariance
within and between these 2 traits across time. Table 3 pre-
sents the proportions of these variance/covariance compo-
nents that are due, respectively, to additive genetic (A),
common environmental (C), and unique environmental (E)
factors. The cells in this table each represent the proportion
of variance in irritability or anxiety/depression (on the di-
agonals) or the proportion of covariance that each trait
TABLE 3 Proportions of Variance and Covariance Accounted for b
Environmental (ACE) Factors Associated With Child Behavior Check
Anxious/Depressed (Anx/Dep) Symptom Scores Across Waves

Anx/Dep T1 Irrit T1 Anx/Dep T2 Ir

Proportions Due to Additive Genetic (A) Factors
Anx/Dep T1 0.45
Irrit T1 0.56 0.42
Anx/Dep T2 0.46 0.50 0.49
Irrit T2 0.52 0.43 0.65 0
Anx/Dep T3 0.47 0.49 0.52 0
Irrit T3 0.51 0.44 0.61 0
Anx/Dep T4 0.47 0.48 0.52 0
Irrit T4 0.50 0.45 0.61 0

Proportions Due to Common (Shared) Environmental (C) Factors
Anx/Dep T1 0.15
Irrit T1 0.27 0.10
Anx/Dep T2 0.16 0.20 0.04
Irrit T2 0.22 0.12 0.08 0
Anx/Dep T3 0.17 0.19 0.05 0
Irrit T3 0.21 0.12 0.07 0
Anx/Dep T4 0.17 0.17 0.05 0
Irrit T4 0.20 0.13 0.06 0

Proportions Due to Unique (Nonshared) Environmental (E) Factors
Anx/Dep T1 0.40
Irrit T1 0.17 0.49
Anx/Dep T2 0.37 0.30 0.47
Irrit T2 0.26 0.45 0.23 0
Anx/Dep T3 0.37 0.32 0.46 0
Irrit T3 0.28 0.44 0.28 0
Anx/Dep T4 0.35 0.35 0.44 0
Irrit T4 0.30 0.42 0.33 0

Note: Each cell represents the proportion of the individual variance in each trait (diago
(upper third), C (middle third), and E (lower third). These include both the time-specifi
through the autoregressive and cross-lagged paths. Variance components sum to un
years; wave 3 ¼ ages 16 to 17 years; wave 4 ¼ ages 19 to 20 years.
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shares with itself and with the other trait at each time point
(off-diagonals) that can be accounted for by A (upper third),
C (middle third), and E (lower third). As an example, the
variance in anxiety/depression at wave 1/age 8 to 9 years is
accounted for by 45% genetic factors, 15% common envi-
ronment, and 40% unique environment, whereas the
covariance between anxiety/depression at wave 1 and irri-
tability at wave 4 is 50% A, 20% C, and 30% E. These
numbers take into account both the time-specific genetic and
environmental effects, and those effects that are carried over
from earlier ages through the autoregressive and cross-
lagged paths.

The majority of the variance in irritability and anxiety/
depression, as well as their covariance within and across
time, was attributable to genetic factors (41%–74%), with
smaller effects attributable to unique environmental
(17%–53%) and common environmental (2%–27%) factors
(Table 3). Within each wave, the correlation between genetic
factors influencing, respectively, irritability and anxiety/
depression was high (0.57–0.67) but was lower for unique
environmental factors (0.18–0.35).
y Additive Genetic, Common Environmental, and Unique
list (CBCL)/Adult Behavior Checklist (ABCL) Irritability (Irrit) and

rit T2 Anx/Dep T3 Irrit T3 Anx/Dep T4 Irrit T4

.51

.65 0.58

.52 0.74 0.48

.61 0.59 0.66 0.62

.53 0.68 0.51 0.67 0.46

.03

.07 0.01

.03 0.03 0.01

.06 0.01 0.02 0.00

.04 0.02 0.01 0.01 0.00

.47

.28 0.41

.45 0.23 0.50

.33 0.40 0.32 0.38

.43 0.29 0.48 0.32 0.53

nals) or covariance between traits (off-diagonals) that can be accounted for by A
c effects and the ACE effects on the traits at previous waves that are carried over
ity across A, C, and E. Wave 1 ¼ ages 8 to 9 years; wave 2 ¼ ages 13 to 14
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DISCUSSION
The primary aim of the current study was to determine the
nature of the relationship between irritability and anxious/
depressed symptoms across development and to quantify
the genetic and environmental effects on this relationship.
The current results are inconsistent with a model where
anxiety/depression symptoms cause irritability or where
both are caused by an unmeasured third variable, leaving
the possibility that irritability potentially plays a causal role
in the expression of anxiety/depression symptoms.

This effect appears to be developmentally specific, with
irritability measured during childhood (ages 8–9 years)
significantly predicting anxious/depressed symptoms dur-
ing early–middle puberty (ages 13–14). In addition, we
found strong and stable effects of additive genetic and
unique environmental factors influencing both irritability
and anxiety/depression, with evidence that the genetic fac-
tors and, to a lesser degree the environmental factors, are
shared between these 2 traits. The common environment
also bore a significant albeit smaller impact on these traits,
and the aspects of the common environment relevant to
these traits were established in childhood, with no new
common environmental factors influencing these traits at
older ages. In addition, these C factors overlapped entirely
between irritability and anxiety/depression.

Our findings are consistent with a number of studies
finding evidence to suggest that irritability and diagnostic
phenotypes with significant irritability expression (i.e.,
oppositional defiant disorder) predict development of anxi-
ety and depressive problems.4,7,10,17 Most of the extant
studies have linked irritability to adult emotional problems
and outcomes, whereas the present study shows a similar
effect across the age of normative pubertal transition. Thus,
rather than simply viewing irritability as a byproduct or
correlate of emotional problems, this study adds to accu-
mulating evidence indicating that irritability is a risk factor
for the onset of internalizing problems within childhood and
into adulthood, and that genetic factors play a role in this
manifestation.

Beyond ruling out potential spuriousness and providing
incremental support for a small but significant link between
irritability and internalizing psychopathology, results of this
study indicate that there are genetic and environmental
factors that are specific to each phenotype as well as shared,
and that these genetic and environmental contributions are
present early in development, with additional novel genetic
and unique environmental influences emerging during
development. Robust, shared genetic covariation was
observed between irritability and symptoms of anxiety and
depression at each wave of the study. Smaller but stable
contributions emerged for nonshared environment, with the
strongest correlation between unique environmental factors
influencing both irritability and anxiety/depression occur-
ring in young adulthood, when most youths have moved
away from the home environment. Finally, the stability of
genetic and environmental influences associated with each
of the 2 phenotypes was examined separately (i.e., autore-
gressive paths). Estimates suggest moderate levels of genetic
and nonshared environmental influences on irritability as
382 www.jaacap.org
well as anxious/depressed symptoms, which is again
consistent with the literature.31,32

In contrast to additive genetic and nonshared environ-
mental effects, a single set of common environmental factors
influenced irritability and anxious/depressed symptoms at
the first wave, with no new common environmental factors
emerging after middle childhood. This finding suggests that
components of the early shared environment that cause
twins to be similar continue to exert influence on irritability
and anxious/depressed symptom expression well after their
occurrence, indicating that shared environmental events
experienced early in life have an enduring and lasting
impact on the expression of these traits throughout devel-
opment into young adulthood. The fact that there were no
common environmental factors unique to either trait sug-
gests a shared environmental (e.g., family, neighborhood,
peers) liability to both irritability and internalizing psycho-
pathology, although these factors accounted for less of the
variance in these 2 traits than genetic or unique environ-
mental factors, especially at older ages. Overall, our findings
provide evidence for a complex relationship between irrita-
bility and internalizing (anxiety/depression) symptoms in
which these traits exhibit a shared underlying genetic and
environmental liability, as well as incremental, potentially
causal, effects of childhood irritability on adolescent inter-
nalizing problems.

Irritable mood is a transdiagnostic dimensional
construct that is predictive of a number of clinically rele-
vant outcomes (internalizing psychopathology, opposi-
tional defiant disorder) and is well suited for exploration
with multiple methods (e.g., neuroimaging, behavioral)
across numerous levels of analysis in human and model
organisms. The study of irritability is consistent with the
mission of the Research Domain Criteria (RDoC),33 and
examination of irritable mood is likely to generate
important, clinically relevant questions about the devel-
opmental origins, pathophysiology, and development of
internalizing and externalizing conditions. Because the
predictive relationship between irritability and anxiety/
depression was specific to the transition between age 8 to
9 years and age 13 to 14, spanning the normative period of
pubertal maturation, our findings suggest that pubertal
development may play a role in the transition from irri-
table mood to internalizing symptom development, given
that the cross-path from irritability at ages 8 to 9 years to
anxious/depressed symptoms at ages 13 to 14 was larger
than all other cross-paths. Moreover, shared genetic
covariation between irritability and anxious/depressed
symptomatology was strongest at ages 13 to 14 years,
again suggesting that this point in development is critical
to the expression of these 2 traits and their genetic
covariation. Research has consistently shown that the
transition from middle childhood/preadolescence into
early adolescence is marked by a robust increase in the
prevalence of anxiety and depressive symptoms,34,35 sup-
porting longitudinal research that straddles this critical
period of development.

Relatedly, the presented outcomes of this study carry
clinical implications. Given the overlap in genetic and
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environmental factors, as well as indications of a smaller but
potentially causal phenotypic relationship between irrita-
bility and internalizing psychopathology, our findings sug-
gest the use of transdiagnostic treatments to target both
irritability and anxiety/depression symptoms.36 A growing
body of research, including the present study, implicate
shared dimensional etiologies underlying the broad domain
of internalizing psychopathology and related constructs,
including irritability—contradicting traditional boundaries
of clinical diagnoses. Treatment approaches that recognize
the interrelation between these phenotypes were developed
to target the common elements of several disorders using 1
unified treatment model. Our data support the application of
transdiagnostic treatments given the observation that irrita-
bility serves as a risk factor for internalizing symptom onset
and the observation of significant shared genetic and envi-
ronmental factors between these traits, indicating that irri-
tability and internalizing conditions may respond to similar
interventions and therapies.

This study has some limitations, including its reliance on
the CBCL/ABCL to generate an index of both irritable mood
and anxious/depressed symptoms. Although this study
replicated a previously identified factor structure,16

construct validation of this specific phenotypic measure is
lacking, and the irritability dimension has not been consid-
erably studied. Relatedly, examination of the contribution of
genes and environment to irritability and anxiety/depres-
sion using other established measures, especially those with
multiple informants, is needed. Although this study relied
on parent report of child irritability, similar outcomes were
found for self-report using a cross-sectional model of
measured irritability and depression symptoms.16 In addi-
tion, we did not have measures of irritability before age 8
years. Longitudinal designs from early life into young
adulthood may be informative, given evidence of associa-
tions between preschool irritability and later depression.11

Moreover, given the complexity of the model, we could
not examine sex-specific genetic and environmental effects.
It is well documented that rates of depressive and anxiety
symptoms increase in adolescence, particularly for fe-
males.34,35 Given that middle childhood irritability is a pre-
dictor of pubertal anxiety/depression symptoms, it would
be interesting if future research tested whether sex differ-
ences were related to this association and whether genetic or
environmentally based quantitative or qualitative sex effects
were present. Finally, our measure of irritability is a measure
of irritable mood and behavior. For this reason, associations
between irritability and other phenotypes may be influenced
by the aggregation of these differential aspects.

Given the transdiagnostic nature of irritability and its
expression across a number of internalizing and external-
izing dimensions, a better understanding of the genetic and
environmental contributions to its chronic and episodic
expression could inform the extant literature and promote
development of psychological and pharmacological thera-
peutics. At this point in time, it is not known whether a
unified treatment approach to irritable mood is appropriate
or whether differing treatment approaches are needed based
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on diagnostic contextual features. Unified treatments have
been developed for the anxiety disorders, given the many
commonalities in etiology, comorbidity, and other relevant
factors, which outweigh differences.36,37 This cannot be said
of the many disorders in which irritability manifests, how-
ever. For these reasons, aspects of diagnostic context may
play an important role in treatment-related differences for
chronic irritable mood in juveniles.

In all, genetic factors appear to impart robust and dy-
namic effects on irritability and anxious/depressed symp-
toms throughout development. In addition to a shared
genetic and environmental liability, our results suggest evi-
dence for the role of irritable mood affecting anxious/
depressed symptoms. An important next step is to disag-
gregate anxiety- and depression-related symptomatology to
determine whether their relationships with irritability are
stronger for one versus the other phenotype, particularly
during the pubertal years. We repeated our statistical ana-
lyses using the CBCL DSM-oriented Affective Problems
scale, which corresponds well with DSM major depressive
disorder,38 and result patterns did not differ significantly
from those found with the CBCL anxious/depressed
symptom scale. Nonetheless, additional attention to these
correlated emotional constructs in isolation of each other is
warranted. &
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