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Background: Depression is already highly prevalent by late adolescence, indicating that research into its
developmental emergence should consider earlier risk factors and environmental contexts. The home environment
is a key context for children and adolescents throughout development. However, the nature of relationships that
exist between aspects of the home environment and the development of depressive symptoms cannot be assumed.
Genetically informative studies have been used to provide insights about the aetiology of such relationships, often
finding them to be partly confounded by the influence of children’s genes. Here, we investigate developmental
change in the aetiology of the association between aspects of the home environment and depressive symptoms at
the onset of adolescence. Methods: We used longitudinal child- and parent-report data from >5,000 twin pairs
enrolled in the UK-representative Twins Early Development Study. Multivariate, genetically sensitive structural
equation models were used to decompose latent variance and covariance in depressive symptoms (measured at 12
and 16 years) and aspects of the home environment (at 9 and 14 years) into genetic and environmental influences.
Results: Going from childhood to adolescence, genetic influences accounted for an increasing proportion of the
association [30% (16–42) of r = .44 in childhood; 40% (25–61) of r = .43 in adolescence], at the expense of shared
environmental influences, which decreased from 70% (58–83) to 48% (29–62). Unique environmental influences
accounted for a significant proportion of the association in adolescence only [12% (06–18)]. Developmental changes
could largely be attributed to subtle shifts in the relative importance of stable aetiological factors, rather than the
emergence of influences unique to adolescence. Conclusions: These findings emphasise the importance of
developmental and aetiological context in interpreting associations between aspects of the home environment and
child emotional outcomes. Keywords: Depression; adolescence; home environment; parenting; gene–environment
correlation.

Introduction
Depression represents a substantial individual and
societal burden across the life span (Costello,
Mustillo, Erkanli, Keeler, & Angold, 2003; Merikan-
gas et al., 2010). While the age-of-onset can vary
widely, clinical depression is common in adoles-
cence, with cumulative prevalence rates estimated at
up to 10% by age 16 (Costello et al., 2003) and up to
20% by age 18 (Hankin et al., 1998; see Thapar,
Collishaw, Pine, & Thapar, 2012 for a recent review).
Adolescent depression is predictive of a range of
future difficulties (Harrington, Fudge, Rutter, Pick-
les, & Hill, 1990, 1991; Harrington et al., 1994) and
is itself predicted by earlier, more generalised emo-
tional difficulties and symptoms (Birmaher et al.,
1996). In part, this developmental continuity of risk
seems to reflect a stable, underlying genetic liability
to the disorder in childhood/adolescence (Hannigan,
Walaker, Waszczuk, McAdams, & Eley, 2017) and
beyond (Nivard et al., 2015). However, environmen-
tal factors are also known to be important. The sharp

increase in prevalence of depression and depressive
symptoms with the onset of adolescence makes this
period a significant one at which to investigate
potential environmental risk factors.

One specific context in which environmental risk
factors for the developmental emergence of psy-
chopathology have traditionally been sought is the
home environment. Defined here as the constellation
of factors that shape an individual’s experience
within their household (including parenting, sibling
interactions, physical characteristics of the home,
and so on), the home environment is an important
context for developmental research (Bronfenbrenner,
1986; Sameroff, 1986). This is because of its rela-
tively constant presence across development, usu-
ally from infancy until late adolescence, and
widespread associations with child and adolescent
outcomes (Bradley, Corwyn, Burchinal, McAdoo, &
Garcia Coll, 2001; Rutter, 1985a, 1985b). Adoles-
cent depression and depressive symptoms, specifi-
cally, have been shown to be related to a range of
measures of family functioning, with parent charac-
teristics and parenting behaviours a particular focus
for research (see reviews/meta-analyses by McLeod,Conflict of interest statement: No conflicts declared.
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Weisz, & Wood, 2007; Sheeber, Hops, & Davis, 2001;
Yap & Jorm, 2015).

Associations between aspects of the home envi-
ronment and adolescent depression may reflect the
effects of causal, environmental risk processes.
However, this is not the only possible explanation.
The home environment is shaped, in large part, by
the behaviours and interactions of biologically
related individuals (i.e. children, their parents and
their siblings). Insofar as these behaviours and
interactions are influenced by genetic predisposi-
tions, the nature of the home environment will be
related to genes that are shared, to varying degrees,
between different members of the family. Crucially,
for an individual child within a household, this
means that associations between their own beha-
viours (including symptoms of psychopathology) and
aspects of their home environment may be geneti-

cally confounded. The term given to the processes by
which this can occur is gene–environment correlation

(rGE; Eley, Napolitano, Lau, & Gregory, 2010;
Plomin, DeFries, & Loehlin, 1977; Scarr & McCart-
ney, 1983). When aspects of a child’s home environ-
ment are influenced by parents or siblings (with
whom they share genes), then passive rGE can
occur, wherein the child’s environment is passively

correlated with their genes (Plomin et al., 1977).
When the child’s own genetically influenced beha-
viour evokes changes in their home environment,
this is known as evocative rGE. A correlation
between genotype and environment that arises from
the genetically influenced ‘seeking out’ of specific
environments is active rGE – although the scope for
this, as relevant to emotional development, is some-
what limited within the context of the home environ-
ment (Neiderhiser et al., 2004).

Gene–environment correlation, in all its forms, can
confound associations between aspects of the home
environment and child outcomes. For example, genet-
ically informed studies of adolescent depression and
the home environment have found that genes account
for a portion of the phenotypic overlap between them
(e.g. with family connectedness: Jacobson & Rowe,
1999; punitive discipline: Lau, Rijsdijk, &Eley, 2006;
parent–child hostility: Lewis, Collishaw, Thapar, &
Harold, 2014; parental and sibling negativity: Pike,
McGuire, Hetherington, Reiss, & Plomin, 1996; par-
enting style and household chaos: Wilkinson, Trza-
skowski, Haworth, & Eley, 2013). However, with the
emergence of depressive symptoms in development
an essentially dynamic process, establishing the
extent of confounding in these associations using
cross-sectional studies alone may not be sufficient.
Despite the mounting evidence implicating genetic
factors in associations between depression and
aspects of the home environment, the extent to which
the aetiology of these associations changes develop-

mentally has not been well explored.
Changes in the extent of rGE, relative to parental

influence and other environmental factors, has been

suggested as an explanation for depression being
more heritable in adolescence than childhood (Eley
& Stevenson, 1999; Rice, 2009; Scourfield et al.,
2003; Silberg et al., 1999; Thapar & McGuffin, 1994;
see Rice, 2010 for a review). Furthermore, increasing
genetic influence on associations between depressive
symptoms and behaviour-dependent life events has
been shown in adolescence (Rice, Harold, & Thapar,
2003; Silberg et al., 1999). However, only three
previous studies have examined the aetiology of the
association between adolescent depression and
aspects of the home environment developmentally.
The first found that genetic factors primarily
explained the modest associations between parental
negativity in early adolescence and child depressive
symptoms later in adolescence (Neiderhiser, Reiss,
Hetherington, & Plomin, 1999). Recent work on
twins and adopted siblings at age 15 and 18 found
a similar pattern of results in the mother–child (but
not father–child) relationship (Samek et al., 2016).
One further study, using a monozygotic twin differ-
ences design, found suggestive evidence of a familial
association between adolescent depressive symp-
toms and perceived maternal support at age 14,
independent of earlier (age 13) links, which is
consistent with increasing evocative rGE under-
pinned by developmentally emerging genetic influ-
ences (Guimond et al., 2016). To our knowledge, no
previous study has examined the aetiology of the
overlap between depressive symptoms and the home
environment longitudinally across the transition
from childhood into adolescence.

Aims of current study

The main aim of this study is to investigate develop-
mental change in the nature of the relationship
between depressive symptoms and aspects of the
home environment. To do this, we use a longitudinal,
child-based twin design, wherein data are collected
from pairs of twins and their parents. We examine
the aetiology of the association between a general
index of maladaptive processes in the home envi-
ronment (informed by measures of parenting and
household chaos) and depressive symptoms. In a
child-based genetic design, genetic influence on
measures of the home environment can be inter-
preted as indicating active/evocative rGE (Avinun &
Knafo, 2014; Neiderhiser et al., 2004). This is
because passive rGE increases the similarity of
identical and nonidentical twins’ home environ-
ments equally, and is thus modelled as a shared
environmental influence. Accordingly, we can look at
developmental changes in the aetiology of the asso-
ciation between the home environment and depres-
sive symptoms for an indication of how the role of
active/evocative rGE evolves, relative to other influ-
ences, in adolescence. In addition, we can assess
whether developmental changes in the association
are due to aetiological factors emerging during
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adolescence (as indicated in Guimond et al., 2016),
or the continuing influence of factors present earlier
in development.

Methods
Participants

Data were drawn from the Twins Early Development Study
(TEDS), a population-based study of twins born in England &
Wales between 1994 and 1996 (Haworth, Davis, & Plomin,
2013). The original enrolment for TEDS involved 16,810 twin
families, of which 13,694 provided data at first contact. The
TEDS sample has remained broadly representative of the UK
population through multiple waves of data collection (Haworth
et al., 2013). All participants provided informed consent, and
the project has ethical approval from the Institute of Psychiatry
Ethics Committee.

The analysis sample for this study consisted of those
families who provided data on parenting, household chaos
and depressive symptoms at 9, 12, 14 and 16 years of age after
exclusions (7% of original sample) for medical and other
reasons (e.g. lack of zygosity information). The overall sample
(N = 13,292) included all individuals who contributed data to
the main analyses and was 48% male and 93% of white
ethnicity. Monozygotic twins made up 35% of the sample. Of
those who provided data at age 9, 81% also responded at age
12, 60% at age 14 and 62% at age 16. The results of tests for
selective attrition are described in Results section.

Measures

This study makes use of available data from the measures
described below. Data were not available for every measure at
each of the four measurement occasions; for clarity, the
measurement occasions at which data were available for each
measure are given in parentheses after the measure name.

Parental discipline (9 and 14 years) was assessed by parent
and child responses on a four-item measure adapted from the
parenting domain of a semistructured interview (Deater-
Deckard, Dodge, Bates, & Pettit, 1998). Participants reported
how often parents’ used various disciplinary strategies (smack-
ing/slapping; telling off/shouting; explaining; being firm/
calm) to deal with child misbehaviour. Higher overall scores
reflected higher levels of ‘harsh parenting’. The internal con-
sistency of this scale was quite low [Cronbach’s alphas at
9 years: .42 (child); .44 (parent); 14 years: .46 (child); .44
(parent)].

Parental feelings (9 and 14 years) were assessed using
parent and child responses to a seven-item version of the
Parental Feelings Questionnaire (Deater-Deckard & O’Connor,
2000). Three positive items (e.g. ‘I feel happy about my
relationship with my child’) were retained from the original,
alongside four negative items (e.g. ‘My Mum/Dad gets impa-
tient with me’). Higher scores reflected greater negativity from
parents towards their children. The internal consistency of this
scale was reasonable [Cronbach’s alphas at 9 years: .63
(child); .68 (parent); 14 years: .75 (child); .68 (parent)].

Household chaos (9 and 14 years) was assessed using six
items from the Confusion, Hubbub and Order Scale (CHAOS;
Matheny, Wachs, Ludwig, & Phillips, 1995). Children were
asked to respond ‘Certainly true’, ‘Somewhat true’ or ‘Not true’
to items such as ‘You can’t hear yourself think in our home’.
While a parent-report version of this measure was adminis-
tered, responses were necessarily invariant across members of
a twin pair (i.e. the parent reported once on the home
environment in general), so this version of the CHAOS scale
could not be incorporated. Thus, more so than for any of the
other variables, this measure can be considered an index of
adolescents’ perceptions (of, in this case, household chaos).

The internal consistency of this scale was moderate [Cron-
bach’s alphas: .58 (9 years); .56 (14 years)].

The internal consistency of some of the scales used to index
the home environment was somewhat lower than the typical
standard for acceptability in psychometric measures. While
the reasons for this and implications have been discussed
elsewhere (Hannigan, McAdams, Plomin, & Eley, 2016; Oliver,
Trzaskowski, & Plomin, 2013), the modelling strategy used
here is designed to maximise reliable, common variance in the
home environment (see ‘Genetic analyses’ below).

Depressive symptoms (12 and 16 years) in twins were
measured using the Short Mood and Feelings Questionnaire,
a 13-item measure assessing how often depressive symptoms
occurred in the past 2 weeks (sMFQ; Angold et al., 1995).
Responses were summed and the resultant scale had good
internal consistency [Cronbach’s alphas at 12 years: .85
(child); .84 (parent); at 16 years: .86 (child); .86 (parent)].

Genetic analyses

The twin design exploits differences in the genetic relatedness
of monozygotic (MZ) and dizygotic (DZ) twin pairs to estimate
the relative contributions of, typically, additive genetic (A),
shared environmental (C) and unique environmental (E) factors
to variance in a measured phenotype. While reared-together
twins of either zygosity share their childhood environment, MZ
twins share twice as much of their segregating genetic material
(100%) as do DZ twins (�50%). To the extent that the
phenotypic similarity of MZ twins exceeds that of DZ twins,
this is interpreted as evidence for the influence of additive
genetic factors. When this difference is less than the difference
in genetic relatedness between the pairs, this is interpreted as
the influence of the shared environment. Nongenetic factors
that make twins different from one another, whose influence
can be seen in the extent that MZ twin correlations are less
than unity, are estimated as unique environmental influences.

Structural equation modelling can be used to decompose
twin variance/covariance matrices and, based on the rationale
above, derive estimates for the components of phenotypic
variance (Neale & Cardon, 1992). Where data from multiple
different phenotypes, measurement occasions or reporters are
available, the same procedure can be applied to conduct
multivariate genetic analyses. In these analyses, it is possible
to estimate the influence of genetic, shared environmental and
unique environmental factors not only on variance in one
phenotype but also on the covariance between phenotypes.

The multivariate models applied to the data in this study
consisted of a measurement component and a structural
component. In the measurement component (Figure 1), latent
variables loaded on the observed variables at each wave. This
latent variable approach helped reduce bias and error in
parameter estimates and was specified to best account for the
structure and reliability of the available data. Specifically, the
home environment latent variables extracted the most useful
and reliable information from the observed variables, with
freely estimated path loadings allowing each variable to
contribute differentially to the latent construct, depending on
reliability and relevance. The depressive symptoms latent
variables reduced the influence of rater-specific biases in the
structural component of the model, with path loadings (k) to
parent and child reports equated. Residual variance specific to
each of the 14 observed variables was decomposed separately.

In the structural component of the models (Figure 2),
variance and covariance in the latent factors were decomposed
into correlated ‘A’, ‘C’ and ‘E’ aetiological components.

The structural component of the models was specified in five
different ways to investigate the developmental structure of the
data. In the Cholesky decomposition (panel A), variance
components from earlier latent variables (ordered chronolog-
ically by age) explain variance at all subsequent waves. In the
independent pathway model (panel B), temporally stable
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aetiological factors influence latent variables via individual
paths, with age-specific factors accounting for the remaining
(latent) variance at each wave. In the cross-lagged model (panel
C), latent variables from adolescence (14 and 16) are regressed
on those from childhood (9 and 12), and the variance/
covariance of each pair of latent variables is decomposed
separately. In the autoregressive simplex model (panel D),
auto-regressive paths link variance components with those
immediately preceding them and may also be influenced by
time-specific innovations. Finally, in the common pathway
model (panel E), temporally stable aetiological factors influence
the latent variables via a single latent factor, which loads on
them differentially, with age-specific factors accounting for the
remaining (latent) variance at each wave. Fit statistics from
these specifications were compared, and parameter estimates
from the best-fitting model(s) were inspected to ascertain the
extent and nature of developmental change in the aetiological
relationship between the home environment and depressive
symptoms.

The raw data were regressed on age and sex prior to analysis.
In addition, variables with excessively skewed distributions (all
depression variables) were log transformed. All models incor-
porated a scalar to account for variance differences between
males and females. Model fitting was carried out in R using
OpenMx v2.3.1 (Neale et al., 2015). OpenMx uses full-informa-
tion maximum likelihood for model parameter estimation.

Results
Descriptive statistics are presented by sex and zygos-
ity in Table S1, available online. Significant increases
in mean levels of depressive symptoms between
childhood (M = 2.25, SD = 3.37) and adolescence
(M = 3.40, SD = 4.14) were observed for females’
self-reports only [t(4,307) = 16.54, p < 0.001]. For
all other variables, mean change over time was either
nonsignificant or represented a slight but significant
decrease (i.e. marginally lower levels of either depres-
sive symptoms, household chaos, parental feelings or
parental discipline) between childhood and adoles-
cence. This was in line with findings of low-level
selective attrition indicated by slightly elevated mean

scores in childhood for individuals who failed to
provide data in adolescence, compared with those
for whom adolescent data were available, on several
variables (see Table S2 for details).

Phenotypic correlations between the observed
variables are available in Table S3. Pairwise associ-
ations between individual observed home environ-
mental and depressive symptoms variables ranged
between .06 and .23. Within-rater correlations typ-
ically exceeded cross-rater correlations. On average,
variables intercorrelated at around .30–.40 within
measurement occasion.

Genetic analyses

Fit statistics of the genetic models are presented in
Table 1. Three specifications provided a comparable
fit to the data. These were the Cholesky decompo-
sition (�2LL = 258,717.70, AIC = 46,401.75), the
independent pathway model (�2LL = 258,793.79,
AIC = 46,465.79) and the cross-lagged model
(�2LL = 258,770.57, AIC = 46,438.57). No formal
test is available to compare the fit statistics from
nonnested models, and estimates from all three
specifications were consistent with regard to broad
patterns of aetiological stability and change and
support the same overall conclusions. We have
opted to present the results of the cross-lagged
model based on its parsimony, and because it is
structured such that specific results germane to our
research questions are conveniently delineated. For
the interested reader, results from the Cholesky
decomposition are also presented in Figure S1 and
Table S4.

As a preliminary test of the hypothesis that the
aetiology of association between the home environ-
ment and depressive symptoms would be subject to

Parent-report

Child-report

Figure 1 Path diagram of the ‘measurement’ component that formed the basis of all models, in which latent home environment and
depressive symptoms phenotypes are estimated from observed variables. Note. Childhood and adolescent variables are collapsed here to
save space, but separate latent variables are estimated for ages 9, 14 (home environment), 12 and 16 (depressive symptoms). Variance in
observed variables is decomposed into common (in the latent phenotype) and residual variance. All factor loadings are freely estimated
in the models; however, paths from the depressive symptoms latent variables (k) are always equated to ensure model identification
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developmental change, we tested versions of the
models where the covariance structure of the data
was constrained to be the same in childhood and
adolescence. Imposing these constraints resulted in
a significant and substantial worsening of fit in all
cases. We, therefore, present and interpret parame-
ter estimates from the full cross-lagged model below.

Path estimates from the structural component of
the cross-lagged model are presented in Figure 3
(estimates from the decomposition of residual vari-
ance in the measurement component are not shown;

these are available in Table S5). On average, approx-
imately one third of the variance of the observed
variables was accounted for by the latent variable
structure of the model, as indicated by the squared
factor loadings (i.e. 22% variance in child-reported
household chaos at 9 is accounted for by the
childhood home environment factor, as compared
with 46% variance in child-reported parental
feelings).

Estimates from the cross-lagged model, as shown
in Figure 3, summarise the variance/covariance

Figure 2 Specifications of structural components of genetic models used to explain latent variance/covariance in the home environment
and depressive symptoms in late childhood and early/mid-adolescence. Note. Observed variables and residual variance decomposition not
shown. Models: A, Cholesky decomposition; B, independent pathway model; C, cross-lag model; D, auto-regressive simplex model; E,
common pathway model; H, home environment; D, depressive symptoms; A, genetic factors; C, shared environmental factors; E, unique
environmental factors
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structure of the data across childhood and adoles-
cence. Variance in childhood latent variables (home
environment at 9 and depressive symptoms at 12) is
entirely accounted for by the A, C and E components
estimated for each. Similarly, covariance between
childhood home environment and depressive symp-
toms is entirely explained by these A, C and E compo-
nents and the correlations between them (double-
headedarrowsinthetop-leftofFigure 3).Forexample,
the genetic covariance between the latent variables in
childhood is √.33 9 .30 9 √.59 = .13,whichequates to
30% of the overall association between them. In
contrast, variance/covariance in theadolescent latent
variables (home environment at 14 and depressive
symptoms at 16) can be explained by both the adoles-
cence-specific variance/covariance structure (bot-
tom-right of Figure 3), and the childhood variance/
covariance structure, via the central auto-regressive
and cross-lagged paths. So, again taking genetic
covariance as an example, there are four possible
routes by which the adolescent latent variables can
covary genetically: via the adolescence-specific vari-
ance/covariance structure (√.18 9 .16 9 √.36 = .04);
via theauto-regressivepathsandchildhoodvariance/
covariance structure (.66 9 √.59 9 .30 9 √.33 9

.53 = .05); and via the auto-regressive and cross-lag
paths (.66 9 .59 9 .23 = .09 and �.01 9 .33
9 .53 = .00).

The key information from this model, in terms of
addressing the question of developmental change in
the aetiology of the association between the home
environment and depressive symptoms, is sum-
marised in Figure 4. The overall length of the hori-
zontal bars indicates the size of the phenotypic
associations between the home environment and
depressive symptoms factors. These associations
were of similar magnitude in childhood [.44
(.40–.49)] and adolescence [.43 (.39–.47)]. Shaded
areas of these bars represent the relative contribu-
tions of the correlated aetiological components to the
covariance between the variables. In line with our

prediction, changes in the aetiology of the association
included an increase in the role of genetic factors in
underpinning the association between the home
environment and depressive symptoms (though con-
fidence intervals overlapped) from accounting for
30% (16–42) of the covariation in childhood to 40%
(25–61) in adolescence. This increase came at the
expense of shared environmental factors, which went
from explaining 70% (58–83) of the association in
childhood to 48% (29–62). Unique environmental
factors, which did not contribute to the association in
childhood, explained the remaining 12% (06–18) in
adolescence. However, after accounting for childhood
aetiological influences and associations, less than
one third of the phenotypic association in adoles-
cence is attributable to influences unique to adoles-
cence (lowest bar, Figure 4), with no significant
contributions coming from adolescence-specific fac-
tors. This indicates that the developmental changes
observed are due to relative increases and decreases
in the influence of aetiological factors present earlier
in childhood.

Discussion
In this study, we set out to investigate differences in
the aetiology of the association between the home
environment and depressive symptoms in adoles-
cence versus childhood. Specifically, we aimed to
establish whether an increase in confounding by
genes in adolescence, shown previously for depres-
sion in relation to other environmental variables
(Rice et al., 2003; Silberg et al., 1999), was a feature
of the relationship between depressive symptoms
and the home environment.

We observed both consistency and change in the
aetiology of the association between the home envi-
ronment anddepressive symptoms. Themagnitude of
the association remained relatively constant between
childhood and adolescence, and both genetic and
shared environmental factors were involved signifi-
cantly throughout.However, the role of genetic factors
in explaining the association increased relative to
shared environmental factors, and unique environ-
mental factors also began to account for a proportion
of the overlap in adolescence.

The shifting importance of different aetiological
factors in the association between the home environ-
ment and depressive symptoms is informative as to
potential changes in family processes at the onset of
adolescence. Shared environmental influences incor-
porate all factors that make twins of either zygosity
more similar to one another, including parental
influence, neighbourhood characteristics and demo-
graphics such as socioeconomic status, among other
possibilities (Avinun & Knafo, 2014; Burt, 2014). In
adolescence, the relative importance of these shared
environmental factors in the association decreased
somewhat, though remaining predominant. These
were partly replaced by the significant effects of

Table 1 Fit statistics from the genetic modelling of children’s
home environments and depressive symptoms in late child-
hood and early/mid-adolescence

ep �2LL df AICdf

Cholesky
decomposition

126 258,717.7 106,158 46,401.75

Independent
pathway model

120 258,793.79 106,164 46,465.79

Cross-lagged
model

118 258,770.57 106,166 46,438.57

Autoregressive
simplex model

117 259,048.28 106,167 46,714.28

Common
pathway model

115 259,064.33 106,151 46,762.33

Best-fitting developmental model in bold typeface. ep, esti-
mated parameters; �2LL, minus 2 log-likelihood fit index; df,
degrees of freedom (actual); AICdf, Akaike’s information crite-
rion with df penalty.
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unique environmental factors, indicating that the
association between the home environment and
depressive symptoms was partially explained, in
adolescence, by factors that make twins of either
zygosity different from one another. Specific unique
environmental factors have typically proven difficult
to identify (see Turkheimer & Waldron, 2000 for a
review). However, shared environmental factors also
gave way to increased confounding of the association
by children’s genes. The influence of children’s genes
on variance in their home environment can be inter-
preted as evidence of active/evocative rGE – that is,
an association between children’s genes and their
environments via their behaviour (Avinun & Knafo,
2014; Neiderhiser et al., 2004). The home environ-
ment, modelled in our study as a latent index of child
and parent reports on relevant questionnaires, was
influenced by genes to a significantly greater extent in
adolescence [52% (45–59)] compared with childhood
[33% (28–39)]. This is consistent with the theoretical
expectation that active/evocative rGE may increase

as children age (Scarr & McCartney, 1983; see also:
Marceau et al., 2016). Given this evidence for
increasing active/evocative rGE within variance in
the home environment, we interpret the increasing
influence of child genes on the covariance with child
depressive symptoms as also likely resulting from
this increased active/evocative rGE.

Our results align with the findings of previous
studies examining aetiological overlap between
depressive symptoms and environmental factors in
a developmental context (Guimond et al., 2016; Rice
et al., 2003; Samek et al., 2016; Silberg et al.,
1999). However, on the question of whether or not
this increase could be attributed to genetic factors
unique to adolescence, which has also been hypoth-
esised (Rice, 2009), our results are less supportive.
Instead, we find a pattern that is more similar to the
‘genetic amplification’ identified in a previous devel-
opmental study of the parent–child relationship in
adolescence (Ludeke, Johnson, McGue, & Iacono,
2013), in which stable genetic influences become

Figure 3 Estimates from the cross-lagged model of the home environment and depressive symptoms in late childhood and early/mid-
adolescence. Note. Residual variance of observed variables estimated but not shown. Values on single headed arrows are path estimates;
values on double-headed arrows are correlation coefficients; 95% CIs given below each estimate in parentheses; A (genetic), C (shared
environmental) and E (unique environmental) factors; c, child report; p, parent report; CH, household chaos; PD, parental discipline; PF,
parental feelings; DZ, depressive symptoms
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increasingly important relative to the declining
effects of the factors comprising shared environmen-
tal influences. To our knowledge, our study is the
first to show this pattern in covariance between
measures of the home environment and depressive
symptoms at the onset of adolescence.

Limitations

This study is subject to the standard limitations and
well-explored assumptions of the classical twin
design. However, several specific limitations should
be highlighted. The first concerns the lack of avail-
ability of data on depressive symptoms and the home
environment concurrently (i.e. all variables at all
ages) and with equal intervals. The fact that we were
unable to use data from parent reports on household
chaos was also a limitation in terms of the balance of
the observed variables. This was partially mitigated
by equating factor loadings for parent and child
reports of depressive symptoms, which reduced the
effects of rater-specific biases. Nonetheless, analyses
of complete longitudinal data have the potential to
further inform our understanding of developmental
gene–environment interplay, not least because of
the increasing range of sophisticated modelling
strategies that may be applied to such data (Dolan,
de Kort, van Beijsterveldt, Bartels, & Boomsma,
2014).

Finally, while we did make use of multiple mea-
sures to inform our ‘home environment’ factors, some
of these had lower reliability coefficients than is
desirable, while other key aspects of this context
were not measured at all. Examples of this include
variables like marital instability and information on
sibling behaviours, both of which have been shown to
correlate with depressive symptoms (Buist, Dekovic,
& Prinzie, 2013; D’Onofrio et al., 2006). Aggregating

information across the home environment more
broadly could be an advantageous future direction.

Conclusions
The results of this study are consistent with a picture
of development-related shifts in the aetiology of asso-
ciations between variation in an individual’s home
environment and their depressive symptoms. Genetic
confounding of these associations may increase in
adolescence. However, as shown, any changes in the
aetiology of associations can result from the amplifi-
cation or attenuation of stable aetiological factors,
rather than the influence of newly emerging factors.
Developmental changes in an individual’s capacity to
shape their environment are an important consider-
ation in the interpretation of associations between
putative environments and developmental outcomes.
Future research that aims to investigate the emer-
gence of depression inadolescence shouldaccount for
the nature of its associations with measured environ-
ments before drawing conclusions about the effects of
an environmental exposure. The period of transition
toadolescence remains fertile ground for exploring the
aetiological origins of depression, while the ultimate
goal of such work must always be to improve inter-
ventions and enhance clinical understanding.
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females (above diagonal) separately.
Table S4. Extent and composition of phenotypic asso-
ciations between the home environment and depressive
symptoms in childhood and adolescence from Cholesky
decomposition.
Table S5. Path loadings from the measurement com-
ponent of the genetic models (k) and parameter esti-
mates.
Figure S1. Estimates for variance components and
factor loadings from Cholesky decomposition.
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Key points

• Associations between depression and measured aspects of the home environment have been frequently
shown to be confounded by genetic influences, but developmental change in the nature of these associations
during the transition from childhood to adolescence has not been well explored.

• We analysed data on the home environment and child depressive symptoms in middle childhood and
adolescence using multivariate genetic models to compare the aetiology of the overlap across two periods of
development.

• The aetiology of the association between the home environment and depressive symptoms changed in
adolescence, via subtle increases in the roles of genetic and unique environmental factors and the declining
influence of shared environmental factors.

• Changes primarily resulted from the amplification and attenuation of aetiological factors from childhood,
rather than from the emergence of adolescence-specific factors.

• Gene–environment correlation is a developmentally variable source of overlap between measures of the home
environment and depressive symptoms, with potentially increasing importance in adolescence.
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