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Abstract
Ample evidence suggested that parental responsiveness, demandingness, and autonomy granting protect adolescents from
depressive symptoms. However, what is less well understood is how parenting practices reduce the risk of depressive symptoms.
This study tested the protective effects of parenting practices and inhibitory control on depressive symptoms, along with the
mediating role of inhibitory control and the moderating role of the COMT gene in linking parenting practices to depressive
symptoms. The study utilized cross-sectional data from a community sample of Chinese Han adolescents (N= 943,Mage= 15.25
years, SD= 0.70 years; 51.9% girls). Results showed that parental responsiveness and autonomy granting promoted higher
inhibitory control, which in turn was associated with lower depressive symptoms. Further, the mediation effects were moderated
by the COMT gene. For adolescents with ValVal homozygotes, both responsiveness and autonomy granting were related to higher
levels of inhibitory control, which reduced risk for depressive symptoms, but the mediation effects were not observed among
Met allele carriers. The mediating role of inhibitory control did not hold in the parental demandingness model. Findings support
the cognitive theory that inhibitory control is a proximal factor linking parenting practices to depressive symptoms exclusively in
ValVal homozygotes. These results also suggested that differentiating different dimensions of parenting practices may help to
further clarify the processes by which parenting practices eventuate depressive symptoms.
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Introduction

Depression in adolescence is a major health problem, both
for its potential societal burden and its risk for severe
individual disability. As such, much work has been devoted
to identifying the factors that prevent and attenuate
depressive symptoms, with research consistently doc-
umenting the important role of parenting practices (e.g.,
McLeod et al., 2007). Recent research attention is appro-
priately shifting from identifying protective factors towards
examining how positive parenting practices reduces the risk
of their children’s depressive symptoms. This study aimed
to explore the underlying mediating process that links the

effects of parenting practices to adolescent depressive
symptoms. Besides, not all children respond to their par-
ent’s behavior in the same way, with some children benefit
more than others from good quality rearing. The differences
between children in response to parenting practices may
depend on their genetic makeup. Given the role of dopa-
mine in reward sensitivity, genes regulating dopaminergic
function, such as the catechol-O-methyltransferase (COMT)
gene, have been reported repeatedly as modifiers of reaction
to environments (e.g., Blair et al., 2015; Sulik et al., 2015b;
Zhang et al., 2018). Therefore, this study also investigated
the role of the COMT gene in adolescents’ sensitivity to
parenting practices.

Parenting Practices and Adolescent Depressive
Symptoms

Three core dimensions of the parents’ behavior—responsive-
ness, demandingness, and autonomy granting—are often used
to characterize parenting practices. Responsiveness (warmth)
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refers to the extent to which the parent responds to the child’s
needs in an accepting, supportive manner (Steinberg, 2020).
Demandingness (control) can be defined as the degree to
which the parent provides clear and consistent guidelines and
maintains knowledge about children by maturity demands,
supervision, and disciplinary efforts usually range from
supervision and monitoring to power assertion and harsh
discipline (Steinberg, 2020). These two broad parenting
dimensions were from Baumrind’s (1991) typology which has
been widely adopted. Furthermore, Steinberg et al. (1992)
expanded Baumrind’s framework by adding autonomy
granting as a distinct dimension reflecting some crucial par-
enting characteristics during adolescence. Autonomy granting
reflects the extent to which the parent employs democratic
discipline and encourages adolescents to express individuality
within the family (Pinquart, 2017; Steinberg et al., 1992).

Parental responsiveness, demandingness, and autonomy
granting play important roles in the development of
depressive symptoms (McLeod et al., 2007; Pinquart, 2017;
Yap et al., 2014). Responsive parenting practices has pro-
tective effects on the development of depressive symptoms
(e.g., McLeod et al., 2007; Pinquart, 2017) because such
parenting practices could help adolescents to develop a
positive self-perception and prevent negative feelings
(Wouters et al., 2018). Notably, different forms of parental
demandingness may have differing effects on child
depressive symptoms. Positive parental demandingness
involving supervision and monitoring is associated with
decreased levels of depressive symptoms (Ruybal & Crano,
2020; Yap et al., 2014). This is because by engaging in age-
appropriate limit-setting and supervision, parents may be
knowledgeable about their adolescents’ whereabouts and
then could offer support and help with reducing negative
feelings (Fröjd et al., 2007). It is possible that parental
monitoring and limit-setting may be perceived by children
as strong indicators that their parents care for them and want
to ensure their safety and wellbeing, which increases parent-
child attachment security (Koehn & Kerns, 2018) and in
turn decreases depression (Spruit et al., 2020). In contrast,
negative demandingness, such as harsh discipline and over-
controlling, is often identified with depressive symptoms
(Lo et al., 2021). The present study chose to examine
positive demandingness to identify protective factors of
depressive symptoms. Autonomy granting would facilitate
children’s positive emotional functioning (Matte-Gagne
et al., 2015) and help them develop stronger resilience in the
face of stressful events (Soenens et al., 2017). As such,
parents give more autonomy granting to their children,
lowering the risk for developing depressive symptoms
(Pinquart, 2017).

Moreover, the three aspects of parenting practices are
relatively independent of each other and are differentially
associated with adolescent adjustment. For example, a

cross-cultural study revealed that autonomy granting and
responsiveness were positively associated with adolescents’
well-being, but the relation was not found for demanding-
ness (Filus et al., 2019; Garthe et al., 2015). Besides, a
meta-analysis found that the affective aspect was more
strongly related to depressive symptoms than was parental
control aspects (McLeod et al., 2007). To the extent that
parental responsiveness, demandingness, and autonomy
granting represent the affective, behavioral control, and
psychological control aspects of parenting practices
respectively, the present study examined such parenting
practices separately.

Inhibitory Control as A Mediator

Protective parenting practices may reduce the risk of
depressive symptoms in multiple pathways. In addition to
examining the direct effect of protective parenting practices
on depressive symptoms, there is an increasing interest to
identify the more proximal mediators that might explain how
parenting practices reduce the risk of depressive symptoms.
Cognitive theories of psychopathology suggest that one
potential proximal mediator linking distal environmental
context with depressive symptoms is cognitive factors
(Nolen-Hoeksema & Watkins, 2011). Inhibitory control,
which reflects the ability to control dominant responses to
override a strong internal predisposition or external stimulus
(Diamond, 2013), is a particularly cognitive factor.
According to the gateway mechanism of depressive symp-
toms, inhibitory control impaired by stress provides a loose
gateway for depressive thought (De Raedt & Koster, 2010).
In contrast, responsive, demanding, and autonomy-granting
parenting practices promote the development of adolescent’s
inhibitory control (e.g., Lengua et al., 2007; Roskam et al.,
2014), which may protect adolescents from negative
thoughts and depressive symptoms.

Some initial evidence has provided support for the
hypothesis that inhibitory control mediates the relation of
parenting practices to depressive symptoms. On the one
hand, positive parenting practices were associated with
increased inhibitory control. Children with responsive and
autonomy-encouraging parents may be more motivated to
internalize parental directions, a process necessary for
conceptualizing alternative nondominant responses (Grusec
& Goodnow, 1994; Kochanska & Kim, 2014; Matte-Gagne
et al., 2015). Parental demanding strategies involving
monitoring and limit-setting provided a behavioral control
and regulatory template, which may teach offspring to
suppress a dominant response and to initiate a subdominant
response (LeCuyer & Houck, 2006; Lengua et al., 2007).
Furthermore, positive parenting practices involving
responsiveness and demandingness may help children to
achieve higher levels of inhibitory control by yielding a
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general positive interactive context in which the child feels
safe and comfortable, such a context fosters effortful control
and promotes internalization of rules (Heikamp et al., 2013;
Nordling et al., 2016). Similarly, evidence from neurobio-
logical research suggested that positive parenting practices
facilitate inhibitory control related brain regions. Adoles-
cents experiencing more responsive parenting practices
have been found in several studies to demonstrate reduced
gray matter in the anterior cingulate cortex (ACC) (Rao
et al., 2010; Whittle et al., 2014). The greater thinning in the
ACC was associated with higher temperamental effortful
control—the ability to inhibit a dominant response
(Vijayakumar et al., 2014). On the other hand, individuals
with high inhibitory control showed decreased depressive
symptoms because inhibitory control promotes the regula-
tion of emotional reactions to stress and attentional shifting
to positive stimuli (Lengua, 2003).

Also consistent with the mediation hypothesis, recent
longitudinal studies have frequently highlighted the med-
iating role of inhibitory control for understanding the rela-
tionship between parenting practices and psychopathology
in general (e.g., Lengua et al., 2015; Lengua et al., 2020;
Hentges et al., 2020) and suicide in particular (Connell
et al., 2019). For example, the indirect effects of the family-
focused intervention on adolescent psychopathological
symptoms were observed, with treatment-related improve-
ments in inhibitory control predicting reductions in inter-
nalizing and externalizing symptoms (Hentges et al., 2020).
Therefore, it is reasonable to expect that higher levels of
inhibitory control fostered by positive parenting practices
may improve individuals’ ability to disengage from nega-
tive thoughts and in turn reduces the risk of depressive
symptoms.

Notably, there appears to be a bidirectional relation-
ship between parenting practices and inhibitory control.
Research has indicated that in addition to parenting
practices predicting executive function or effortful con-
trol, the executive function or effortful control also
predicted parenting practices in young children (e.g.,
Blair et al., 2014; Eisenberg et al., 2015). However, the
strength and direction of associations between parenting
practices and inhibitory control may depend on the
developmental periods. Recent longitudinal studies have
indicated that the bidirectional association was more
robust in early ages, and diminished in older age (Sulik
et al., 2015a; Tiberio et al., 2016). In particular, the null
result of the child effect on parenting practices has been
reported during early adolescence (Tiberio et al., 2016).
The child effects on parenting practices may have
already been established early in life, and therefore do
not have additional effects later on parenting practices.
Accordingly, due to the cross-sectional data obtained in
the present study, this study preferred to test the

mediating role of inhibitory in the association between
parenting practices and depressive symptoms, rather than
the reverse.

COMT Gene as A Potential Moderator

Although all children are impacted by parenting practices,
some children benefit more than others from good quality
rearing. Numerous genetic polymorphisms have been
suggested as influencing sensitivity to the environment
(e.g., Green et al., 2017; Van Assche et al., 2016; Zhang
et al., 2016). Given the late-maturing prefrontal cortex
(PFC) makes adolescents particularly sensitive to envir-
onmental influence (Andersen & Teicher, 2008), this
study focused on the COMT gene which expressed
abundantly in PFC. The COMT gene encodes the COMT
enzyme, which plays a critical role in the metabolism of
dopamine, norepinephrine, and epinephrine in the PFC
(Gogos et al., 1998). This gene contains a common
functional polymorphism (Val158Met or rs4680) char-
acterized by valine to methionine substitution at codon
158 that results in a 40% reduction in COMT enzyme
activity (Lachman et al., 1996).

The COMT Val158Met polymorphism has been found to
moderate the associations between environments and a
broad range of emotional and cognitive outcomes (e.g.,
Kurowski et al., 2017; Sulik et al., 2015b). However, mixed
findings were obtained regarding both depressive symptoms
and inhibitory control. Specifically, some studies have
described COMT ValVal homozygotes as a “risk” genotype
that confers greater vulnerability to depressive symptoms in
the context of adversity (e.g., Drury et al., 2010), whereas
other studies found individuals with Met allele (MetMet and
ValMet) to be more at risk as a result of adversity (e.g.,
Åberg et al., 2011; Mandelli et al., 2007). With regard to
inhibitory control, the majority of study has linked COMT
ValVal homozygotes rather than Met allele with greater
sensitivity to the environment, but the direction of the
association between adversity and inhibitory control in
ValVal homozygotes were mixed (Blair et al., 2015; Park
et al., 2017; Zhang et al., 2018). Some studies showed that
children carrying ValVal homozygotes exhibited faster
growth of executive function in the presence of early
adversity relative to children with Met allele (Blair et al.,
2015), whereas others found that ValVal homozygotes
linked with poor inhibitory control for children experien-
cing adversity (Park et al., 2017; Zhang et al., 2018).
According to the late-maturing PFC theory, fMRI studies
also suggested that the ValVal homozygotes may render
adolescents particularly sensitive to environments by
decreasing the connectivity between the PFC and the
amygdala that involved in processing emotion (Drabant
et al., 2006; Klucken et al., 2015).
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Notably, above mentioned literature was adopted the
recessive genetic model for Val, but a few studies adopted
three distinct genotype groups (Quan et al., 2017) or the
dominant model which compared MetMet homozygotes
with Val allele carriers also obtained mixed results (Hosang
et al., 2017; Kurowski et al., 2017; Nyman et al., 2011;
Sulik et al., 2015b). Sulik et al. (2015b) showed that parenting
practices were positively related to inhibitory control and
internalizing problems for MetMet boys, whereas Hosang
et al. (2017) and Kurowski et al. (2017) found Val allele
conferring greater sensitivity to the environment, and a recent
study regarding executive function obtained null results (Quan
et al., 2017). Nevertheless, these mixed findings do not
necessarily deny a moderating role of COMT gene; rather,
they suggest that further study is warranted.

One possible reason behind the inconsistencies is that
the effect of the COMT gene depends on basal dopamine
level. More specifically, evidence has suggested an
inverted U-shaped relationship between dopamine activity
and PFC (a critical region relate to inhibitory control)
function, with both dopaminergic hypofunction and
hyperfunction, were related to poor PFC function (Gold-
man-Rakic et al., 2000). As such, decreased dopamine
availability in ValVal homozygotes is associated with
greater PFC function when basal dopamine levels are high,
but with reduced PFC function when basal levels are low.
In brief, the COMT gene determines where on the inverted
U-shaped curve of PFC dopamine function an individual
lies (Tunbridge et al., 2006), which in turn may be asso-
ciated with the PFC-amygdala connectivity and depressive
symptoms. There are marked developmental changes in
the basal dopamine levels during puberty (Benes et al.,
2000), which may result in a distinctive pattern of gene-
environment interaction (G × E) during adolescence.
However, previous studies were largely been limited to
children or adults (e.g., Drury et al., 2010; Blair et al.,
2015; Sulik et al., 2015b), little is known about the
interaction between parenting practices and the COMT
gene in adolescents. To address this gap, this study aimed
to test the moderating role of the COMT gene in the
associations among parenting practices, inhibitory control,
and depressive symptoms.

The difference in the way of coding a genetic poly-
morphism may also result in mixed results, and different
interpretations of the nature of gene-environment interac-
tions (Aliev et al., 2014). As outline earlier, there is a lack
of a clearly defined grouping method for heterozygous (i.e.,
ValMet) individuals (e.g., Blair et al., 2015; Sulik et al.,
2015b). Most of studies have adopted the recessive model
for Val by grouping ValMet individuals with MetMet
individuals, primarily due to sample size limitations, but
potentially obfuscating the complexity of the mode of
genetic inheritance (Dick et al., 2015). Therefore, to avoid

inappropriate genetic coding, this study first adopted the
two dummy variables (i.e., ValVal vs. ValMet and MetMet
vs. ValMet) to interpret the nature of gene by environment
interaction as recommended (Aliev et al., 2014).

Notably, the inconsistencies and small effect size also
raise the doubt on the robustness of the candidate gene
approach (Dick et al., 2015; Duncan & Keller, 2011). In
particular, a recent meta-analysis involving externalizing,
internalizing, and cognitive outcomes, failed to find sig-
nificant COMT by environment interactions (Cao et al.,
2019). In this regard, researchers have suggested that can-
didate genetic studies should consider adopting more
stringent thresholds for statistical significance and require
replication (Roisman et al., 2012). As such, this study uti-
lized the corrected p-value and the split-half validation to
test the robustness of results, which may provide a strong
test of replication due to the lack of difference in methods
(Johnston et al., 2013).

Hypotheses

The present study proposed a moderated mediation model to
extend previous studies by integrating environmental context,
cognition, and genetic factors in understanding the etiology
of depressive symptoms. This study aimed to explore how
responsive, demanding, and autonomy granting parenting
practices operate to influence depressive symptoms and why
some individuals benefit more than others from good quality
rearing utilizing cross-sectional data from a community
sample of Chinese Han adolescents. Drawing from the cog-
nitive theory of psychopathology, the present study expected
that such parenting practices would be associated with better
inhibitory control, which in turn, would be associated with
decreased depressive symptoms. Moreover, this study
expected that the COMT gene would moderate the strength of
inhibitory control as a mediator linking parenting practices
and depressive symptoms. As there are mixed findings
regarding which genotype confers sensitivity to the envir-
onment, no specific hypotheses were postulated.

Methods

Participants

One thousand and eighty parent-child dyads, of pre-
dominantly Chinese Han ethnicity (96.9%), were recruited
from 7 junior middle schools in the urban areas. Among the
adolescent participants, 541 were girls (50.1%) and age
ranged from 13 to 17 years (M= 15.24, SD= 0.61). Of the
initial sample, 34 (3.1%) were excluded because of being
Chinese minority ethnicity, 47 (4.4%) adolescents were had
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incomplete data, and 69 (6.4%) parents refused to complete
the questionnaire. The final sample comprised 943 indivi-
duals (51.9% girls; M= 15.24, SD= 0.61). Except for
gender distribution and autonomy granting, no significant
differences were found between adolescents retaining in and
those dropping out of the study in terms of age, genotype,
responsiveness, demandingness, inhibitory control, and
depressive symptoms (see Table 1).

Procedure

This study was approved by the local ethics committee.
Informed assent from adolescents and consent from their
parents and school principals were obtained prior to data
collection. Adolescents were asked to complete a measure
on depressive symptoms, parenting practices and provide a
saliva sample for DNA extraction. When adolescents fin-
ished the self-report questionnaires, they were given an
envelope to take home. The adolescents’ parents completed
the questionnaires in the envelope regarding children’s
inhibitory control, and the adolescents took the envelope
back to their headteachers the following day. To be specific,
during a single class period in their classrooms, trained
research assistants (not teachers or staff of their schools)
provided detailed instructions for completing questionnaires
and a demonstration on saliva collection. Saliva samples
were checked one by one on location by research assistants.
After data collection, each participant involved acquired a
gift (about $1).

Measurements

Depressive symptoms

The Chinese version of Children’s Depression Inventory
(CDI; Chen et al., 2000; Kovacs, 1992) was used to assess
adolescent depressive symptoms. The CDI consists of 27
items. For each item, the participants identified one of the
three statements that best described themselves during the
past two weeks (e.g., “I am sad occasionally”, “I am sad
many times”, and “I am sad all the time”). Higher sum
scores indicate more symptoms. In this study, the Cron-
bach’s alpha was 0.88. The CDI-based single-factor con-
struct of depressive symptoms showed a good fit to the data
(χ2= 914.30, df= 324, RMSEA= 0.04 [0.04, 0.05], CFI
= 0.95, TLI= 0.95).

Parenting practices

Adolescents were asked to report their perceived parental
responsiveness (i.e., acceptance/involvement, 9 items,
Cronbach’s alpha was 0.85, e.g., ‘My parents spend time
just talking with me’), demandingness (i.e., supervision/
strictness, 8 items, Cronbach’s alpha was 0.76, e.g., ‘How
much do your parents try to know where you go at night?’),
and autonomy granting (reverse scored, 9 items, Cron-
bach’s alpha was 0.68, e.g., ‘My parents tell me that their
ideas are correct and that I should not question them’) via
the Parenting Style Index (PSI, Steinberg et al., 1992).

Table 1 Characteristics of the
study sample

Characteristics Initial Sample
(N= 1080)

Final Sample
(N= 943)

Differencesa

Adolescent ethnicity, %

Chinese Han 96.9 100 —b

Chinese Minority 3.1 0

Adolescent age, M (SD) 15.24 (0.61) 15.24 (0.61) t= 0.11, p= 0.91

Adolescent gender, %

Boys 49.9 48.1 χ2= 9.24, p= 0.003

Girls 50.1 51.9

COMT

ValVal 56.6 56.5 χ2= 1.02, p= 0.60

ValMet 36.3 36.1

MetMet 7.1 7.4

Responsiveness, M (SD) −0.04 (0.67) −0.03 (0.67) t= 1.88, p= 0.06

Demandingness, M (SD) −0.01 (0.61) −0.01 (0.61) t= 1.42, p= 0.16

Autonomy Granting, M (SD) 0.00 (0.53) 0.01 (0.52) t= 2.36, p= 0.02

Inhibitory Control, M (SD) 1.76 (0.28) 1.76 (0.27) t= 1.84, p= 0.07

Depressive Symptoms, M (SD) 7.24 (6.84) 7.16 (6.76) t=−1.27, p= 0.20

aDifferences between adolescents retaining in and those dropping out of the study
bTo minimize potential population stratification bias, the final sample excluded all adolescent of Chinese
Minority ethnicity. Thus, the χ2 test for ethnicity difference was not conducted
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Parenting practices were indexed as the average of stan-
dardized items. The three-factor construct of parenting
practices showed only fair fit to the data (χ2= 1343.71,
df= 292, RMSEA= 0.062 [0.058, 0.065], CFI= 0.85,
TLI= 0.83) with loadings ranging from 0.13 to 0.86 for the
items. But the three-factor model showed a statistically
improved fit over the one-factor model or the two-factor
model with the responsiveness and autonomy granting
loading on one factor in this sample according to the Satorra-
Bentler chi-square difference test (Δχ2s ≥ 370.79, ps <
0.001). Therefore, the present study examined responsive-
ness, autonomy granting, and demandingness separately.

Inhibitory control

Inhibitory control was assessed using a subscale of ten
items from the parent form of the BRIEF (The Behavior
Rating Inventory of Executive Function, Gioia et al., 2002).
These ten items asked about children’s behavior in every-
day situations to assess the inhibitory control of impulsive
behaviors (e.g., “gets out of control more than friends.”).
Items were answered on a 3-point Likert scale ranging from
0 (never) to 2 (often). After reverse coded, the items were
averaged to derive a mean score, with higher scores indi-
cating the better ability of inhibitory control. In this study,
the Cronbach’s alpha of the subscale was 0.81.

Genotyping

Genomic DNA was extracted from participants’ saliva
samples. DNA extraction and genotyping were performed
using the MALDI-TOF in the MassARRAY system
(Sequenom Inc., San Diego, California, USA) according to
the manufacturer’s instructions. The COMT gene Val158Met
polymorphism was amplified using the following primer
sequences: forward ACGTTGGATGACCCAGCGGATGG
TGGATTT, reverse ACGTTGGATGTTTTCCAGGTCT
GACAACGG. Genotype calling was performed with
MassARRAY RT software 3.0.0.4 and analyzed using the
MassARRAY Typer software 3.4. The distribution of the
three COMT genotypes (NMetMet= 70, NValMet= 340, NVal-

Val= 533) did not differ significantly from Hardy–Weinberg
equilibrium (χ2= 2.34, p= 0.13). Genotype was dummy
coded first using the ValMet group as the reference,
resulting in two variables representing the ValVal/ValMet
contrast and the MetMet/ValMet contrast.

Statistical analyses

All statistical analyses were conducted using SPSS 23.0.
First, the Pearson correlation coefficient (r) and t-test were
used to examine associations between all study variables.
Second, the mediation and moderated-mediation analyses

were conducted using PROCESS macro for SPSS (Hayes,
2013), which provided a bootstrap estimate of the indirect
effect between the independent and dependent variable, an
estimated standard error, and 95% confidence intervals (CI).
When confidence intervals for the indirect effect do not
include zero, this indicates a significant indirect effect at the
p < 0.05 level. Direct and indirect effects were tested using
5000 bootstrap samples. Adolescent’s gender and age were
included as control variables in all analyses considering the
importance of puberty in the development of inhibitory
control and depressive symptoms. The corresponding
p level was corrected using the Benjamini and Hochberg
(B-H) procedure in order to control Type I error (Benjamini
and Hochberg, 1995). To avoid inappropriate genetic cod-
ing, the genotypes were encoded into two dummy variables
(ValVal vs.ValMet and MetMet vs. ValMet) to interpret the
genetic mode of COMT. Then, based on the results from
two dummy variables, the additive, recessive, or dominant
model was chosen to re-test the moderating role of COMT.
Two additional analyses were conducted to test the corre-
spondence of the G × E effect with the diathesis–stress
(Monroe & Simons, 1991) and differential susceptibility
(Belsky & Pluess, 2009) models. Specifically, both the
Roisman et al. (2012) region of significance (RoS) and
the Widaman et al. (2012) re-parameterization approaches
were conducted to estimate the RoS and the crossover point
and its 95% confidence interval (more details can be found
in the Appendix). Furthermore, in order to provide further
support for the robustness of results, the internal replication
was conducted as previous studies did (Cao et al., 2018).
Subsequently, the Comprehensive Meta-Analysis (CMA
2.0) program was utilized to transform the results of the two
subsamples into the common metric of correlations and to
combine effect sizes. Within this meta-analysis, the effect
sizes of parenting practices-outcome associations across the
two genotype groups (Met allele versus ValVal homo-
zygotes) were computed and compared.

Results

Descriptive Statistics and Preliminary Analyses

Characteristics of the study sample, means, standard
deviations, and correlations for main variables were pre-
sented in Table 1 and Table 2. All parenting practices
showed significant negative correlations with depressive
symptoms. Responsiveness and autonomy granting were
positively, while demandingness was not, correlated with
inhibitory control. Higher level of inhibitory control was
associated with lower levels of depressive symptoms.
T-test analyses revealed that parenting practices did not
differ between COMT genotypes (ts ≤ 0.46, ps ≥ 0.65),
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indicating the absence of correlation between genes and
environment (rGE).

Mediation Analyses

Both the relation between responsiveness and autonomy
granting and depressive symptoms were mediated by inhi-
bitory control (responsiveness: indirect effect=−0.05,
SE= 0.03, 95% CI [−0.12, −0.01]; autonomy granting:
indirect effect=−0.08, SE= 0.04, 95% CI [−0.16,
−0.02]). Specifically, responsiveness (b= 0.10, p= 0.001)
and autonomy granting (b= 0.14, p= 0.001) were posi-
tively associated with inhibitory control, which in turn was
negatively associated with depressive symptoms (respon-
siveness: b=−0.53, p= 0.01; autonomy granting: b=
−0.56, p= 0.01). When inhibitory control was included in
the model, the direct effects of responsiveness (b=−2.96,
p < 0.001) and autonomy granting (b=−1.96, p < 0.001)
on depressive symptoms remained significant. These find-
ings remain robust after B-H correction for multiple testing.
In contrast, the indirect effect from demandingness to
depressive symptoms via inhibitory control was not sig-
nificant (indirect effect= 0.01, SE= 0.03, 95% CI [−0.04,
0.08]).

Moderated Mediation Analyses

The moderated mediation models for responsiveness and
autonomy granting were first tested using the two-dummy
coded genotypes. The results showed that the indirect effect
of inhibitory control was stronger in ValVal carriers com-
pared to ValMet carriers (responsiveness: effect=−0.08,
SE= 0.05, 95%CI [−0.19, −0.001]; autonomy granting:
effect=−0.10, SE= 0.06, 95%CI [−0.24, −0.01]). There
was no difference in the indirect effect between MetMet and
ValMet carriers (responsiveness: effect=−0.07, SE=
0.06, 95%CI [−0.21, 0.04]; autonomy granting: effect=
−0.02, SE= 0.07, 95%CI [−0.17, 0.12]). In addition, the
genotype was also dummy coded using the MetMet group
as the reference, the difference in the indirect effect between

MetMet and ValVal was not significant (responsiveness:
effect=−0.01, SE= 0.06, 95%CI [−0.13, 0.10]; autonomy
granting: effect=−0.08, SE= 0.08, 95%CI [−0.25, 0.05]).
According to Aliev et al. (2014) recommendation, this
pattern of genetic mode was corresponded to a recessive
model for Val.

Subsequently, the recessive model was adopted to test
the moderated mediation model using a bootstrapping
procedure for responsiveness and autonomy granting (see
Table 3, Fig. 1, and Fig. 2). The overall tests of moderated
mediation were significant for inhibitory control
(responsiveness: effect=−0.07, SE= 0.05, 95%CI
[−0.19, −0.003]; autonomy granting: effect=−0.09,
SE= 0.06, 95%CI [−0.22, −0.01]). The results showed
that COMT gene moderated the associations between
parenting practices and inhibitory control (responsiveness:
b= 0.13, p= 0.047; autonomy granting: b= 0.16, p=
0.01). These interactions remain robust after B-H correc-
tion for multiple testing. Specifically, the indirect effects
from responsiveness to depressive symptoms via inhibi-
tory control were significant for the ValVal homozygotes
group but not for the Met allele group (see Table 3). In
addition, COMT gene did not moderate the direct effect of
responsiveness (b=−0.32, p= 0.43) and autonomy
granting (b=−0.01, p= 0.99) on depressive symptoms.

To interpret the pattern of the G × E interaction (see
details in the Appendix), the Widaman et al. (2012) com-
petitive model-fitting approach was conducted using the

Table 2 Correlations for all
study variables

Variable 1 2 3 4 5 6 7 8

1. Age 1

2. Gender 0.001 1

3. COMT 0.02 0.02 1

4. Responsiveness −0.003 −0.02 −0.01 1

5. Demandingness −0.02 −0.25*** −0.01 0.29*** 1

6. Autonomy Granting −0.01 −0.12*** 0.02 0.39*** 0.003 1

7. Inhibitory Control 0.05 −0.14*** −0.01 0.11*** 0.02 0.15*** 1

8. Depressive Symptoms −0.02 0.04 0.01 −0.45*** −0.12*** −0.30*** −0.13*** 1

*p < 0.05; **p < 0.01; ***p < 0.001

Table 3 Conditional indirect effects of responsiveness on depressive
symptoms by COMT

Model Effect SE 95% CI

Responsiveness to Depressive symptoms via Inhibitory control

ValVal −0.08 0.04 [−0.19, −0.02]

Met −0.02 0.03 [−0.09, 0.03]

Autonomy granting to Depressive symptoms via Inhibitory control

ValVal −0.12 0.05 [−0.23, −0.03]

Met −0.02 0.03 [−0.09, 0.03]

Journal of Youth and Adolescence



parenting practices and the recessive genetic group
(Met allele versus ValVal homozygotes), with a priori
hypothesis of ValVal homozygotes being more sensitive.
As shown in Table 4 and Table 5, the crossover point was
0.04 (95% CI [−0.94, 1.02]) and 0.08 (95% CI [−0.70,
0.86]) for responsiveness and autonomy granting respec-
tively, which fell within the range of parenting practices
(responsiveness ranged from −4.69 to 1.42 and autonomy
granting ranged from −3.59 to 2.54). The estimated lower
and upper bounds of regions of significance for autonomy
granting were −1.07 and 1.47 respectively, which fell
within the range of parenting practices. That is, adolescents
carrying ValVal homozygotes would exhibit better inhibi-
tory control than Met allele carriers when the standardized
score of autonomy granting was higher than 1.47. However,
adolescents with ValVal homozygotes would exhibit poor
inhibitory control than Met allele carriers, if the standar-
dized score of autonomy granting was lower than −1.07.
But the lower (−4.85) and upper bounds (7.94) of regions
of significance for responsiveness fell outside of its range.
This result indicated that the difference in inhibitory control

between ValVal homozygotes and Met allele carriers was
not significant within the observation range of responsive-
ness although the slopes for the ValVal homozygotes dif-
fering (marginally) significantly from the slopes for the
Met allele carriers.

Internal Replication and Meta-Analysis

To test the robustness of these findings, an internal repli-
cation analysis was conducted by randomly splitting the
total sample into two subsamples (N1= 476; N2= 467).
None of the primary variables (i.e., gender, age, COMT
genotypes, depressive symptoms, inhibitory control,
responsiveness, demandingness, and autonomy-granting)
were significant different between two subsamples (|χ2 | s <
0.81, ps > 0.05; |t | s < 1.93, ps > 0.05). The moderated
mediation model for responsiveness (effect=−0.15, SE=
0.11, 95%CI [−0.40, 0.00]) and
autonomy-granting (effect=−0.21, SE= 0.14, 95%CI
[−0.54, −0.01]) were replicated in subsample 1, but not in
subsample 2 (responsiveness: effect=−0.03, SE= 0.04,

Responsiveness

COMT

COMT × Responsiveness

Inhibitory 
Control

Depressive 
Symptoms

0.03

-0.01

0.13*

-0.52**

-2.78***

0.15

-0.32

Autonomy Granting

COMT

COMT ×Autonomy 
Granting

Inhibitory 
Control

Depressive 
Symptoms

0.04

-0.01

0.16**

-0.57**

-1.96***

0.25

-0.01

Fig. 1 The moderated-mediation model testing whether COMT mod-
erates the direct and indirect effects among responsiveness, inhibitory
control, and depressive symptoms. Age and gender not depicted here,

were included as covariates. Dash line, non-significant paths; solid
line, significant paths. Note: *p < 0.05; **p < 0.01; ***p < 0.001
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95%CI [−0.13, 0.05]; autonomy granting: effect=−0.04,
SE= 0.05, 95%CI [−0.16, 0.04]).

The meta-analysis revealed that the combined effect size
for the associations between parenting practices and inhi-
bitory control amounted to r= 0.18 (responsiveness: p <
0.001, 95% CI= 0.10, 0.26) and r= 0.22 (autonomy
granting: p < 0.001, 95% CI= 0.13, 0.30) for carriers of
ValVal homozygotes in a homogeneous set (Q (df= 1) ≤
1.97, p > 0.05, I2= 49.24%), respectively. The combined
effect sizes for Met allele carriers were r= 0.04 (p= 0.47,
95% CI=−0.06, 0.13) and r= 0.03 (p= 0.60, 95% CI=
−0.07, 0.12) in a homogeneous set (Q (df= 1)s ≤ 0.99, ps ≥
0.05, I2s ≤ 0.00%), respectively. The difference between two
genotype groups was significant (responsiveness: Qcontrast=
3.51, p= 0.06; autonomy granting: Qcontrast= 8.49, p=
0.004), supporting the results that carriers of the ValVal
homozygotes were more sensitive to parenting practices.
The combined effect size for the associations between
inhibitory control and depressive symptoms amounted to
r=−0.09 (p < 0.01, 95% CI=−0.15, −0.02) in a homo-
geneous set (Q (df= 1)= 1.15, p= 0.28, I2= 12.88%).

Discussion

A broad range of positive parenting practices, such as
responsiveness, demandingness, and autonomy granting,
has been identified as an important protective predictor for
adolescent depressive symptoms. However, it remains
unclear how such parenting practices operate to influence
depressive symptoms and why some individuals benefit
more than others from good quality rearing. To address
these gaps, this study adopted a moderated meditation
model to examine the effect of parenting practices on
adolescent depressive symptoms, as mediated by inhibitory
and moderated by the COMT gene.

The present study showed that the effects of parental
responsiveness and autonomy granting, but not demand-
ingness, on adolescent depressive symptoms were mediated
by inhibitory control. Additionally, the associations among
such parenting practices, inhibitory control, and depressive

symptoms were moderated by the COMT gene. Adolescents
with ValVal homozygotes were more reactive to the pro-
tective effects of positive parenting practices compared to
adolescents carrying Met allele. The present study sheds
light on the potential for the cognitive theory of psycho-
pathology in understanding the relation between parenting
practices and depressive symptoms and provided evidence
that the COMT gene could regulate the degree to which a
child is influenced by environment.

As expected, parental responsiveness, demandingness,
and autonomy granting were associated with decreased
levels of depressive symptoms. These findings were con-
sistent with previous studies (e.g., Pinquart, 2017; Yap
et al., 2014), and provided further evidence that positive
parenting practices protected adolescents from the risk of
depressive symptoms. More importantly, consistent with the
cognitive theories of psychopathology (Nolen-Hoeksema &
Watkins, 2011), this study suggested a potential pathway, in
which responsiveness and autonomy granting reduce
depressive symptoms through the improvement of inhibi-
tory control. Adolescents perceiving their parents as pro-
viding more responsive parenting practices exhibited better
inhibitory control, and in turn, decreased risk of depressive
symptoms. As outlined earlier, adolescents in a responsive
and autonomy-encouraging family context may be more
motivated to internalize parental directions, a process
necessary for conceptualizing alternative nondominant
responses (Kochanska & Kim, 2014; Matte-Gagne et al.,
2015). Besides, responsive parenting practices facilitate
superior brain functioning in ways that are likely to promote
inhibitory control. For instance, adolescents with responsive
parents have thinner ACC (Rao et al., 2010; Whittle et al.,
2014), which in turn associated with a better ability to
inhibit a dominant response (Vijayakumar et al., 2014).
Improvement in inhibitory control is critical for success in
inhibiting negative beliefs or attentional bias, thereby
decreasing depressive symptoms (Connell et al., 2019).

It is noteworthy that the mediating effect of inhibitory
control did not hold for the demandingness model. It is
possible that parental demandingness or control has a less
strong effect on inhibitory control in adolescence, a period

Table 5 Regions of significance
(RoS) for statistically significant
(p < 0.05) COMT by parenting
practices variable interactions

Parenting practices RoS of X Range of X PoI PA X2 or
ZX2

Crossover Point

Lower bound Upper bound

Responsiveness −4.85 7.94 [−4.69, 1.42] 0.08 0.48 ns 0.04

Autonomy
Granting

−1.07 1.47 [−3.59, 2.54] 0.31 0.47 ns 0.08

PoI the proportion of interaction, PA the proportion affected, X2 or ZX2 represents whether X2 or ZX2, or the
set of both nonlinear terms together was statistically significant in the equation Y= B0+ B1X+B2Z+ B3XZ
+ B4X

2+ B5ZX
2+ B6Gender+ B7Age; X and Z represent parenting practices and the COMT gene,

respectively; ns, not significant; Crossover denotes the value of X (parenting practices, standardized to M=
0, SD= 1) at which the regression lines intersected
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when individual demands for autonomy significantly
increase (Lionetti et al., 2019; McElhaney et al., 2009).
Besides, previous research revealed that the effects of
responsive parenting practices on inhibitory control and
depressive symptoms were stronger than parental demand-
ing strategies involving limit-setting and monitoring (Bea-
ver et al., 2007; Garthe et al., 2015). Overall, these results
suggested that control and affective aspects of parenting
practices are likely to involve—in somewhat different
psychosocial mechanisms—in the etiology of depressive
symptoms. Thus, differentiating different dimensions of
parenting practices may help to further clarify the processes
by which parenting practices eventuate adolescent depres-
sive symptoms.

Through the moderated-mediation analyses, this study
found that inhibitory control mediated the relation between
parental responsiveness, autonomy granting, and adoles-
cent depressive symptoms only for ValVal homozygotes.
This result was consistent with previous research (Blair
et al., 2015; Park et al., 2017; Zhang et al., 2018), children
carrying ValVal homozygotes exhibited better inhibitory
control in the presence of good quality of rearing relative to
children with Met allele. Such findings that the suscept-
ibility to parenting influence depended on the COMT is
well in line with the evidence from fMRI studies indicating
that this polymorphism impacts the neural circuit that has
been implicated in sensitivity to environment. The ValVal
homozygotes of COMT were reported to be associated with
decreased connectivity between the PFC and the amygdala
(Drabant et al., 2006; Klucken et al., 2015). It has been
hypothesized that weakened functional connectivity in
corticolimbic circuits may render adolescents especially
vulnerable to the influence of environment (Andersen &
Teicher, 2008). Similarly, results from prior studies indi-
cated that the ValVal homozygotes confer greater sensi-
tivity to stress, which in turn increases susceptibility to
impaired executive functioning in contexts of high adver-
sity (Zhang et al., 2018). As outlined earlier, the relation of
dopamine to executive functioning approximates an
inverted U-shape function. Thus, the intermediate levels of
dopamine resulting from the coordination of a certain
COMT genotype and basal dopamine levels, appear to be
optimal for inhibitory control performance. When dopa-
mine levels peak during puberty (Benes et al., 2000),
decreased catecholamine availability conferred by the
ValVal homozygotes would result in optimal levels of
dopamine, which enhances sensitivity to environments
(Andersen & Teicher, 2008). Since the basal level of
dopamine was not assessed in this study, future studies
should contain direct measures of dopamine levels of
relevant neural circuitry to replicate the effect of the COMT
gene. Such an approach may move us away from simplistic
notions of sensitive alleles, recognizing which allele

conferring environmental sensitivity depends in part on the
background on which the gene exerts its effect. Moreover,
most of the adolescents in this study may have entered
puberty and pubertal changes become more prevalent and
stronger in effect, which might be altering other aspects
related to inhibitory control in addition to the basal levels
of dopamine. Thereby, future studies should consider the
puberty stage in examining the G × E effects. In addition,
the G × E term predicted inhibitory control directly, rather
than depressive symptoms. This finding suggested that
inhibitory control may be an endophenotype closer along
the causal chain to the gene, then the strength of the G × E
effects was stronger for inhibitory control than for the distal
outcomes (i.e., depressive symptoms in the present study).
It may also offer evidence for the mediated pleiotropic
effect, the phenomenon in which individual genetic var-
iants affect more than one phenotypic trait (Solovieff et al.,
2013). The pleiotropic effect reflects the overlap in genetic
influence between multiple traits, which may provide
implications for the development of transdiagnostic models
of psychopathology.

Due to the accumulating doubt about the robustness of
G × E studies, this study made every reasonable effort,
including a theoretically grounded conceptual model, more
stringent thresholds for statistical significance, large sample
size, and internal replication, to yield reliable results.
Although the replication efforts failed in subsample 2, the
meta-analytically derived COMT × parenting practices
interactions on inhibitory control and the relation between
inhibitory control and depressive symptoms remained sta-
tistically significant and the effect sizes were similar in
magnitude obtained in the full sample. Internal replication
attempts strengthen the reliability of the current findings.
However, the limiting statistical power and inflated estimates
of true replicability by this split-half validation analysis may
also increase the risk of false positives. Clearly, there is a
particular need for external replication in independent sam-
ples to validate the observed moderated mediation model.

This study has several strengths. First, the relatively large
sample size provided sufficient statistical power in examining
the moderated mediation model. Second, a more rigorous
p-value and internal replication strengthen the robustness of
the current findings. Third, the utilizing of multiple informants
avoided inflating the common method variance.

It is also important to consider the limitations of this
study. First, due to the cross-sectional design, the results did
not provide information that allowed drawing causal con-
clusions. Despite the theoretical considerations and pro-
spective studies provided substantial support for this
association, future research with longitudinal design will be
needed to fully explore the moderated mediation model.
Second, these effect sizes in this study although significant
were small in magnitude, which is often observed in
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candidate gene studies. Recent studies have sought to make
more progress by exploring collective contributions of
multiple loci at once, such as polygenic risk score profiling
and gene-gene interactions, but also hampered by small
genetic effects (e.g., Cao et al., 2018; Davies et al., 2019).
Thereby, finding the “missing heritability” of complex
psychopathology to extend current results is still an
important future direction. Third, the lack of analyses to
estimate the ancestral information of this sample for
adjusting the population stratification is also a limitation,
which may confound the results of genetic association
studies. Also limiting the present work is that the inhibitory
control assessed by the mother-reported questionnaire can
be prone to a number of biases, such as reporting biases and
recall biases.

Conclusion

Responsive, demanding, and autonomy granting parenting
practices often protect adolescents from the risk of depressive
symptoms. Yet, it is important to note that such parenting
practices may operate to reduce depressive symptoms
through certain proximal cognitive factors. Besides, adoles-
cents may be disproportionately susceptible to the beneficial
effects of positive parenting practices. The current study
tested the mediating role of inhibitory control in the links
between parenting practices and depressive symptoms, with
COMT gene as a moderator using cross-sectional data. The
findings indicated that responsiveness and autonomy grant-
ing fostered better inhibitory control, which in turn reduced
the risk of depressive symptoms. The results also demon-
strated that adolescents residing in similar responsive and
autonomy-supportive families exhibit differential paths of
adaptation. The COMT gene moderates the mediational
pathway from responsiveness and autonomy granting to
inhibitory control, such that adolescents with ValVal homo-
zygotes may be more benefitted from responsive and
autonomy-supportive parenting practices than Met allele
carriers, and consequently had greater inhibitory control. The
study of cognitive (i.e., inhibitory control) and biological
(i.e., COMT gene) factors provides a valuable multifactorial
model for understanding the complex mechanisms by which
positive parenting practices reduce the risk of depressive
symptoms. Furthermore, these findings have implications for
adolescent depressive symptoms interventions by high-
lighting the protective effects of responsive parenting prac-
tices, as well as the importance of considering individual
differences in genetic susceptibility.
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Appendix

Notably, literature on COMT by environment interactions
has largely focused on negative environment and to a lesser
extend to positive environment, such as positive parenting
practices in this study. These studies have adopted the
diathesis-stress model which argues individuals with vul-
nerable genes would suffer from negative environment
compared to others (Monroe & Simons, 1991). But the
differential susceptibility hypothesis holds that genes could
be plasticity rather than vulnerability (Belsky & Pluess,
2009). That is individuals with plasticity alleles not only
suffer from negative environment but also benefit from
positive environment. Therefore, the present study tested
two competing hypotheses about G×E interaction: the
diathesis-stress hypothesis and the differential susceptibility
hypothesis.

The Widaman et al. (2012)’s approach, which involves a
re-parameterization of standard multiple linear equations by
centering parenting practices at the crossover point on
parenting practices (see Eq. 1):

Y ¼ GROUP ¼ 1; Y ¼ B0þ B1 X1� Cð Þ þ B3X3þ B4X4þ E

GROUP ¼ 0; Y ¼ B0þ B2 X1� Cð Þ þ B3X3þ B4X4þ E

�

ð1Þ
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where Y is inhibitory control, GROUP refers to allelic
groups (0=MetMet or ValMet and 1=ValVal), X1 refers
to responsiveness or autonomy granting (standardized;
ranged from −4.69 to 1.42 and −3.59 to 2.54, respectively),
X3 and X4 refer to age and gender respectively, and E is the
error term. B0 is the intercept, B1 is the slope for parenting
practices for risk/plasticity alleles, B2 is the slope for
parenting practices for non-risk/non-plasticity alleles, B3
and B4 are slopes for age and gender respectively, C is the
crossover point where the slopes for allelic groups cross. If
C and its 95% confidence interval (CI) falls within the range
of parenting practices, the G × E effect conforms to the
disordinal form, supporting the differential susceptibility
model. Otherwise, if C and 95% CI fall at or over the
maximum of parenting practices, the G × E interaction is
ordinal, supporting the diathesis-stress model (Widaman
et al., 2012).

These two models can be further subdivided into
“strong” and “weak” models. Strong models assume that
“non-risk/non-plasticity alleles” carriers are not suscep-
tible to environments (i.e., constraining B2= 0), whereas
weak versions assume that these individuals are to a
lesser extent susceptible to environments than others with
“risk/plasticity alleles” (i.e., relaxing B2= 0). The pre-
sent study tested all four models, comparing them on the
basis of variance accounted (i.e., R2), Akaike, and
Bayesian information criteria (AIC and BIC). Models
explaining more variance, hence better representing the
data are favored. A model that is more parsimonious is
preferred if two models explain a comparable amount of
variance. Furthermore, smaller values of AIC and BIC
indicate better model fit and are particularly useful when
comparing non-nested models.

As shown in Table 4, in the model of responsiveness,
the point estimate of the crossover point in model b, C=
0.04 (SE= 0.50), and its 95 % confidence intervals
[−0.94, 1.02], fell within the range of parenting practices
(ranged from −4.69 to 1.42), thus supporting the
differential-susceptibility model, rather than the diathesis-
stress model. Furthermore, constraining the slope of
Met allele group to 0 (i.e., B2= 0) as strong differential-
susceptibility, there was no significant changes in the
model fits (ΔR2= 0.00, F= 0.38, p= 0.54), thus sup-
porting the strong differential-susceptibility model.
Moreover, the strong differential-susceptibility model
(Model a) explained the largest variance and had the
lowest AIC values among the four alternative models.
Although the BIC value was smaller in Model c, con-
sidering the biased tendency of BIC favoring a simpler
model and small value difference, the strong differential-
susceptibility was the optimal model.

Similarly, in the model of autonomy granting, the point
estimate of the crossover point in model b, C= 0.08 (SE=
0.40), and its 95 % confidence intervals [−0.70, 0.86], fell
within the range of parenting practices (ranged from −3.59
to 2.54), thus supporting the differential-susceptibility
model, rather than the diathesis-stress model. Furthermore,
constraining the slope of Met group to 0 (i.e., B2= 0) as
strong differential-susceptibility, there was no significant
changes in the model fits (ΔR2= 0.001, F= 0.71, p=
0.40), thus supporting the strong differential-susceptibility
model. Moreover, the strong differential-susceptibility
model (Model a) explained the largest variance and had
the lowest AIC and BIC values among the four alternative
models. Therefore, the strong differential-susceptibility was
the optimal model.

Besides, the region of significance (RoS) analysis was
conducted (Roisman et al., 2012). First, the lower and
upper bound, where the association between gene and
inhibitory control is significant was estimated. Second,
the crossover points at which the regression lines inter-
sect are desired to be near 0. Third, the proportion of
interaction (PoI) which is represented on the right side of
the crossover point should be near 0.50. Fourth, the
proportion affected (PA) which represents the proportion
of the population that is differentially affected by the
moderator should be near 50 % and greater than 16 %.
Finally, the X2 or ZX2 term should be not significant to
avoid the nonlinear diathesis-stress phenomenon.

As shown in Table 5, the estimated lower and upper
bound of RoS for responsiveness fell outside of its range,
which indicated that the difference in inhibitory control
between ValVal and Met carriers was not significant within
the observation range of responsiveness. This result indi-
cated that the G × E effect for responsiveness is very small
in magnitude. In the autonomy granting model, the lower
and upper bound of RoS were −1.07 and 1.47. That is,
adolescents carrying ValVal homozygotes would exhibit
better inhibitory control than Met carriers when the stan-
dardized score of autonomy granting was higher than 1.47.
However, adolescents with ValVal homozygotes would
exhibit poor inhibitory control than Met carriers, if the
standardized score of autonomy granting was lower than
−1.07. The crossover point (0.08) was near 0 for parenting
practices that have been standardized, PoI (0.31) was near
0.50, and PA (47%) was greater than 16 % (Roisman et al.,
2012). These statistical indexes provided support for the
differential susceptibility model, which argued that indivi-
duals with certain alleles would be more affected than
others—both for better and for worse—by their rearing
experiences (Belsky & Pluess, 2009).

Table 4 and Table 5

Journal of Youth and Adolescence



References

Åberg, E., Fandiño-Losada, A., Sjöholm, L. K., Forsell, Y., &
Lavebratt, C. (2011). The functional Val158Met polymorphism
in catechol-O-methyltransferase (COMT) is associated with
depression and motivation in men from a Swedish population-
based study. Journal of Affective Disorders, 129, 158–166.
https://doi.org/10.1016/j.jad.2010.08.009.

Aliev, F., Latendresse, S. J., Bacanu, S. A., Neale, M. C., & Dick, D.
M. (2014). Testing for measured gene-environment interaction:
Problems with the use of cross-product terms and a regression
model reparameterization solution. Behavior Genetics, 44,
165–181. https://doi.org/10.1007/s10519-014-9642-1.

Andersen, S. L., & Teicher, M. H. (2008). Stress, sensitive periods
and maturational events in adolescent depression. Trends in
Neurosciences, 31, 183–191. https://doi.org/10.1016/j.tins.
2008.01.004.

Baumrind, D. (1991). The influence of parenting style on adolescent
competence and substance use. The Journal of Early Adoles-
cence, 11, 56–95. https://doi.org/10.1177/0272431691111004.

Beaver, K. M., Wright, J. P., & DeLisi, M. (2007). Self-control as an
executive function: Reformulating Gottfredson and Hirschi’s
parental socialization thesis. Criminal Justice and Behavior, 34,
1345–1361. https://doi.org/10.1177/0093854807302049.

Belsky, J., & Pluess, M. (2009). Beyond diathesis stress: Differential
susceptibility to environmental influences. Psychological Bulle-
tin, 135, 885–908. https://doi.org/10.1037/a0017376.

Benes, F. M., Taylor, J. B., & Cunningham, M. C. (2000). Con-
vergence and plasticity of monoaminergic systems in the medial
prefrontal cortex during the postnatal period: Implications for the
development of psychopathology. Cerebral Cortex, 10,
1014–1027. https://doi.org/10.1093/cercor/10.10.1014.

Benjamini, Y., & Hochberg, Y. (1995). Controlling the false discovery
rate: A practical and powerful approach to multiple testing. Journal
of the Royal statistical society: Series B (Methodological), 57,
289–300. https://doi.org/10.1111/j.2517-6161.1995.tb02031.x.

Blair, C., Raver, C. C., & Berry, D. J., Family Life Project Investi-
gators. (2014). Two approaches to estimating the effect of par-
enting on the development of executive function in early
childhood. Developmental Psychology, 50, 554–565. https://doi.
org/10.1037/a0033647.

Blair, C., Sulik, M., Willoughby, M., Mills‐Koonce, R., Petrill, S., &
Bartlett, C., Family Life Project Investigators. (2015). Catechol‐
O‐methyltransferase Val158met polymorphism interacts with
early experience to predict executive functions in early childhood.
Developmental Psychobiology, 57, 833–841. https://doi.org/10.
1002/dev.21332.

Cao, C., Cao, L., & Chen, J. (2019). Differences in sensitivity to
environment depending on catechol-O-methyltransferase
(COMT) gene? A meta-analysis of child and adolescent gene-
by-environment studies. Journal of Youth and Adolescence, 48,
655–667. https://doi.org/10.1007/s10964-019-01004-3.

Cao, Y., Lin, X., Chen, L., Ji, L., & Zhang, W. (2018). The catechol-
O-methyltransferase and dopamine transporter genes moderated
the impact of peer relationships on adolescent depressive symp-
toms: A gene–gene–environment study. Journal of Youth and
Adolescence, 47, 2468–2480. https://doi.org/10.1007/s10964-
018-0925-3.

Chen, X., Liu, M., & Li, D. (2000). Parental warmth, control, and
indulgence and their relations to adjustment in Chinese children:
A longitudinal study. Journal of Family Psychology, 14,
401–419. https://doi.org/10.1037/0893-3200.14.3.401.

Connell, A. M., Shaw, D., Wilson, M., Danzo, S., Weaver-Krug, C.,
Lemery-Chalfant, K., & Dishion, T. J. (2019). Indirect effects of
the early childhood Family Check-Up on adolescent suicide risk:

The mediating role of inhibitory control. Development and Psy-
chopathology, 31, 1901–1910. https://doi.org/10.1002/10.1017/
S0954579419000877.

Davies, P. T., Pearson, J. K., Cicchetti, D., Martin, M. J., & Cum-
mings, E. M. (2019). Emotional insecurity as a mediator of the
moderating role of dopamine genes in the association between
interparental conflict and youth externalizing problems. Devel-
opment and Psychopathology, 31, 1111–1126. https://doi.org/10.
1017/S0954579419000634.

De Raedt, R., & Koster, E. H. (2010). Understanding vulnerability for
depression from a cognitive neuroscience perspective: A reap-
praisal of attentional factors and a new conceptual framework.
Cognitive, Affective, & Behavioral Neuroscience, 10, 50–70.
https://doi.org/10.3758/CABN.10.1.50.

Diamond, A. (2013). Executive functions. Annual Review of Psy-
chology, 64, 135–168. https://doi.org/10.1146/annurev-psych-
113011-143750.

Dick, D. M., Agrawal, A., Keller, M. C., Adkins, A., Aliev, F.,
Monroe, S., & Sher, K. J. (2015). Candidate gene–environment
interaction research: Reflections and recommendations. Per-
spectives on Psychological Science, 10, 37–59. https://doi.org/10.
1177/1745691614556682.

Drabant, E. M., Hariri, A. R., Meyer-Lindenberg, A., Munoz, K. E.,
Mattay, V. S., Kolachana, B. S., & Weinberger, D. R. (2006).
Catechol O-methyltransferase val158met genotype and neural
mechanisms related to affective arousal and regulation. Archives of
General Psychiatry, 63, 1396–1406. https://doi.org/10.1001/a
rchpsyc.63.12.1396.

Drury, S. S., Theall, K. P., Smyke, A. T., Keats, B. J., Egger, H. L.,
Nelson, C. A., & Zeanah, C. H. (2010). Modification of depres-
sion by COMT val158met polymorphism in children exposed to
early severe psychosocial deprivation. Child Abuse & Neglect,
34, 387–395. https://doi.org/10.1016/j.chiabu.2009.09.021.

Duncan, L. E., & Keller, M. C. (2011). A critical review of the first 10
years of candidate gene-by-environment interaction research in
psychiatry. American Journal of Psychiatry, 168, 1041–1049.
https://doi.org/10.1176/appi.ajp.2011.11020191.

Eisenberg, N., Taylor, Z. E., Widaman, K. F., & Spinrad, T. L. (2015).
Externalizing symptoms, effortful control, and intrusive parent-
ing: A test of bidirectional longitudinal relations during early
childhood. Development and Psychopathology, 27, 953–968.
https://doi.org/10.1017/S0954579415000620.

Filus, A., Schwarz, B., Mylonas, K., Sam, D. L., & Boski, P. (2019).
Parenting and late adolescents’ well-being in Greece, Norway,
Poland and Switzerland: Associations with individuation from
parents. Journal of Child and Family Studies, 28, 560–576.
https://doi.org/10.1007/s10826-018-1283-1.

Fröjd, S., Kaltiala-Heino, R., & Rimpelä, M. (2007). The association
of parental monitoring and family structure with diverse mal-
adjustment outcomes in middle adolescent boys and girls. Nordic
Journal of Psychiatry, 61, 296–303. https://doi.org/10.1080/
08039480701415277.

Garthe, R. C., Sullivan, T., & Kliewer, W. (2015). Longitudinal
relations between adolescent and parental behaviors, parental
knowledge, and internalizing behaviors among urban adolescents.
Journal of Youth and Adolescence, 44, 819–832. https://doi.org/
10.1007/s10964-014-0112-0.

Gioia, G. A., Isquith, P. K., Retzlaff, P. D., & Espy, K. A. (2002).
Confirmatory factor analysis of the Behavior Rating Inventory of
Executive Function (BRIEF) in a clinical sample. Child Neu-
ropsychology, 8, 249–257. https://doi.org/10.1076/chin.8.4.249.
13513.

Gogos, J. A., Morgan, M., Luine, V., Santha, M., Ogawa, S., Pfaff,
D., & Karayiorgou, M. (1998). Catechol-O-methyltransferase-
deficient mice exhibit sexually dimorphic changes in cate-

Journal of Youth and Adolescence

https://doi.org/10.1016/j.jad.2010.08.009
https://doi.org/10.1007/s10519-014-9642-1
https://doi.org/10.1016/j.tins.2008.01.004
https://doi.org/10.1016/j.tins.2008.01.004
https://doi.org/10.1177/0272431691111004
https://doi.org/10.1177/0093854807302049
https://doi.org/10.1037/a0017376
https://doi.org/10.1093/cercor/10.10.1014
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1037/a0033647
https://doi.org/10.1037/a0033647
https://doi.org/10.1002/dev.21332
https://doi.org/10.1002/dev.21332
https://doi.org/10.1007/s10964-019-01004-3
https://doi.org/10.1007/s10964-018-0925-3
https://doi.org/10.1007/s10964-018-0925-3
https://doi.org/10.1037/0893-3200.14.3.401
https://doi.org/10.1002/10.1017/S0954579419000877
https://doi.org/10.1002/10.1017/S0954579419000877
https://doi.org/10.1017/S0954579419000634
https://doi.org/10.1017/S0954579419000634
https://doi.org/10.3758/CABN.10.1.50
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1177/1745691614556682
https://doi.org/10.1177/1745691614556682
https://doi.org/10.1001/archpsyc.63.12.1396
https://doi.org/10.1001/archpsyc.63.12.1396
https://doi.org/10.1016/j.chiabu.2009.09.021
https://doi.org/10.1176/appi.ajp.2011.11020191
https://doi.org/10.1017/S0954579415000620
https://doi.org/10.1007/s10826-018-1283-1
https://doi.org/10.1080/08039480701415277
https://doi.org/10.1080/08039480701415277
https://doi.org/10.1007/s10964-014-0112-0
https://doi.org/10.1007/s10964-014-0112-0
https://doi.org/10.1076/chin.8.4.249.13513
https://doi.org/10.1076/chin.8.4.249.13513


cholamine levels and behavior. Proceedings of the National
Academy of Sciences, 95, 9991–9996. https://doi.org/10.1073/
pnas.95.17.9991.

Goldman-Rakic, P. S., Muly, III, E. C., & Williams, G. V. (2000). D1

receptors in prefrontal cells and circuits. Brain Research Reviews,
31, 295–301. https://doi.org/10.1016/S0165-0173(99)00045-4.

Green, C. G., Babineau, V., Jolicoeur-Martineau, A., Bouvette-Turcot,
A. A., Minde, K., Sassi, R., & Steiner, M. (2017). Prenatal
maternal depression and child serotonin transporter linked poly-
morphic region (5-HTTLPR) and dopamine receptor D4 (DRD4)
genotype predict negative emotionality from 3 to 36 months.
Development and Psychopathology, 29, 901–917. https://doi.org/
10.1017/S0954579416000560.

Grusec, J. E., & Goodnow, J. J. (1994). Impact of parental discipline
methods on the child’s internalization of values: A reconceptua-
lization of current points of view. Developmental Psychology, 30,
4–19. https://doi.org/10.1037/0012-1649.30.1.4.

Hayes, A. F. (2013). Introduction to mediation, moderation, and
conditional process analysis: A regression-based approach. New
York, NY: The Guilford Press.

Heikamp, T., Trommsdorff, G., Druey, M. D., Hübner, R., & Von
Suchodoletz, A. (2013). Kindergarten children’s attachment
security, inhibitory control, and the internalization of rules of
conduct. Frontiers in Psychology, 4, 133 https://doi.org/10.3389/
fpsyg.2013.00133.

Hentges, R. F., Krug, C. M. W., Shaw, D. S., Wilson, M. N., Dishion,
T. J., & Lemery-Chalfant, K. (2020). The long-term indirect
effect of the early Family Check-Up intervention on adolescent
internalizing and externalizing symptoms via inhibitory control.
Development and Psychopathology, 32, 1544–1554. https://doi.
org/10.1017/S0954579419001482.

Hosang, G. M., Fisher, H. L., Cohen-Woods, S., McGuffin, P., &
Farmer, A. E. (2017). Stressful life events and catechol-O-
methyltransferase (COMT) gene in bipolar disorder. Depression
and Anxiety, 34, 419–426. https://doi.org/10.1002/da.22606.

Johnston, C., Lahey, B. B., & Matthys, W. (2013). Editorial policy for
candidate gene studies. Journal of Abnormal Child Psychology,
41, 511–514. https://doi.org/10.1007/s10802-013-9741-0.

Klucken, T., Kruse, O., WehrumOsinsky, S., Hennig, J., Schweck-
endiek, J., & Stark, R. (2015). Impact of COMT Val158Metpo-
lymorphism on appetitive conditioning and amygdala/prefrontal
effective connectivity. Human Brain Mapping, 36, 1093–1101.
https://doi.org/10.1002/hbm.22688.

Kochanska, G., & Kim, S. (2014). A complex interplay among the
parent–child relationship, effortful control, and internalized, rule-
compatible conduct in young children: Evidence from two stu-
dies. Developmental Psychology, 50, 8–21. https://doi.org/10.
1037/a0032330.

Koehn, A. J., & Kerns, K. A. (2018). Parent–child attachment: Meta-
analysis of associations with parenting behaviors in middle
childhood and adolescence. Attachment & Human Develop-
ment, 20, 378–405. https://doi.org/10.1080/14616734.2017.
1408131.

Kovacs, M. (1992). Children’s depression inventory. New York, NY:
Multi-Health Systems.

Kurowski, B. G., Treble-Barna, A., Zang, H., Zhang, N., Martin, L. J.,
Yeates, K. O., & Wade, S. L. (2017). Catechol-
omethyltransferase genotypes and parenting influence on long-
term executive functioning after moderate to severe early child-
hood traumatic brain injury: An exploratory study. Journal of
Head Trauma Rehabilitation, 32, 404–412. https://doi.org/10.
1097/HTR.0000000000000281.

Lachman, H. M., Morrow, B., Shprintzen, R., Veit, S., Parsia, S. S.,
Faedda, G. & Papolos, D. F. (1996). Association of codon 108/158
catechol-O-methyltransferase gene polymorphism with the psy-
chiatric manifestations of velo-cardio-facial syndrome. American

Journal of Medical Genetics, 67, 468–472.https://doi.org/10.1002/
(SICI)1096-8628(19960920)67:5<468::AID-AJMG5>3.0.CO;2-G.

LeCuyer, E., & Houck, G. M. (2006). Maternal limit‐setting in tod-
dlerhood: Socialization strategies for the development of self‐
regulation. Infant Mental Health Journal, 27, 344–370. https://
doi.org/10.1002/imhj.20096.

Lengua, L. J. (2003). Associations among emotionality, self-reg-
ulation, adjustment problems, and positive adjustment in
middle childhood. Journal of Applied Developmental Psy-
chology, 24, 595–618. https://doi.org/10.1016/j.appdev.2003.
08.002.

Lengua, L. J., Honorado, E., & Bush, N. R. (2007). Contextual risk
and parenting as predictors of effortful control and social com-
petence in preschool children. Journal of Applied Developmental
Psychology, 28(1), 40–55. https://doi.org/10.1016/j.appdev.2006.
10.001.

Lengua, L. J., Moran, L., Zalewski, M., Ruberry, E., Kiff, C., &
Thompson, S. (2015). Relations of growth in effortful control to
family income, cumulative risk, and adjustment in preschool-age
children. Journal of Abnormal Child Psychology, 43, 705–720.
https://doi.org/10.1007/s10802-014-9941-2.

Lengua, L. J., Thompson, S. F., Moran, L. R., Zalewski, M., Ruberry,
E. J., Klein, M. R., & Kiff, C. J. (2020). Pathways from early
adversity to later adjustment: Tests of the additive and bidirec-
tional effects of executive control and diurnal cortisol in early
childhood. Development and Psychopathology, 32, 545–558.
https://doi.org/10.1017/S0954579419000373.

Lionetti, F., Palladino, B. E., Moses Passini, C., Casonato, M.,
Hamzallari, O., Ranta, M., & Keijsers, L. (2019). The develop-
ment of parental monitoring during adolescence: A meta-analysis.
European Journal of Developmental Psychology, 16, 552–580.
https://doi.org/10.1080/17405629.2018.1476233.

Lo, B. C. Y., Ng, T. K., & So, Y. (2021). Parental demandingness
predicts adolescents’ rumination and depressive symptoms in a
one-year longitudinal study. Research on Child and Adolescent
Psychopathology, 49, 117–123. https://doi.org/10.1007/s10802-
020-00710-y.

Mandelli, L., Serretti, A., Marino, E., Pirovano, A., Calati, R., &
Colombo, C. (2007). Interaction between serotonin transporter
gene, catechol-O-methyltransferase gene and stressful life
events in mood disorders. International Journal of Neu-
ropsychopharmacology, 10, 437–447. https://doi.org/10.1017/
S1461145706006882.

Matte-Gagne, C., Harvey, B., Stack, D. M., & Serbin, L. A. (2015).
Contextual specificity in the relationship between maternal
autonomy support and children’s socioemotional development: A
longitudinal study from preschool to preadolescence. Journal of
Youth and Adolescence, 44, 1528–1541. https://doi.org/10.1007/
s10964-014-0247-z.

McElhaney, K. B., Allen, J. P., Stephenson, J. C., & Hare, A. L.
(2009). Attachment and autonomy during adolescence. In R. M.
Lerner & L. Steinberg (Eds.), Handbook of adolescent psychol-
ogy (pp. 358–403). New York, NY: Wiley.

McLeod, B. D., Weisz, J. R., & Wood, J. J. (2007). Examining the
association between parenting and childhood depression: A meta-
analysis. Clinical Psychology Review, 27, 986–1003. https://doi.
org/10.1016/j.cpr.2007.03.001.

Monroe, S. M., & Simons, A. D. (1991). Diathesis-stress theories in
the context of life stress research: Implications for the depressive
disorders. Psychological Bulletin, 110, 406–425. https://doi.org/
10.1037/0033-2909.110.3.406.

Nolen-Hoeksema, S., & Watkins, E. R. (2011). A heuristic for
developing transdiagnostic models of psychopathology:
Explaining multifinality and divergent trajectories. Perspectives
on Psychological Science, 6, 589–609. https://doi.org/10.1177/
1745691611419672.

Journal of Youth and Adolescence

https://doi.org/10.1073/pnas.95.17.9991
https://doi.org/10.1073/pnas.95.17.9991
https://doi.org/10.1016/S0165-0173(99)00045-4
https://doi.org/10.1017/S0954579416000560
https://doi.org/10.1017/S0954579416000560
https://doi.org/10.1037/0012-1649.30.1.4
https://doi.org/10.3389/fpsyg.2013.00133
https://doi.org/10.3389/fpsyg.2013.00133
https://doi.org/10.1017/S0954579419001482
https://doi.org/10.1017/S0954579419001482
https://doi.org/10.1002/da.22606
https://doi.org/10.1007/s10802-013-9741-0
https://doi.org/10.1002/hbm.22688
https://doi.org/10.1037/a0032330
https://doi.org/10.1037/a0032330
https://doi.org/10.1080/14616734.2017.1408131
https://doi.org/10.1080/14616734.2017.1408131
https://doi.org/10.1097/HTR.0000000000000281
https://doi.org/10.1097/HTR.0000000000000281
https://doi.org/10.1002/(SICI)1096-8628(19960920)67:5%3C468::AID-AJMG5%3E3.0.CO;2-G
https://doi.org/10.1002/(SICI)1096-8628(19960920)67:5%3C468::AID-AJMG5%3E3.0.CO;2-G
https://doi.org/10.1002/imhj.20096
https://doi.org/10.1002/imhj.20096
https://doi.org/10.1016/j.appdev.2003.08.002
https://doi.org/10.1016/j.appdev.2003.08.002
https://doi.org/10.1016/j.appdev.2006.10.001
https://doi.org/10.1016/j.appdev.2006.10.001
https://doi.org/10.1007/s10802-014-9941-2
https://doi.org/10.1017/S0954579419000373
https://doi.org/10.1080/17405629.2018.1476233
https://doi.org/10.1007/s10802-020-00710-y
https://doi.org/10.1007/s10802-020-00710-y
https://doi.org/10.1017/S1461145706006882
https://doi.org/10.1017/S1461145706006882
https://doi.org/10.1007/s10964-014-0247-z
https://doi.org/10.1007/s10964-014-0247-z
https://doi.org/10.1016/j.cpr.2007.03.001
https://doi.org/10.1016/j.cpr.2007.03.001
https://doi.org/10.1037/0033-2909.110.3.406
https://doi.org/10.1037/0033-2909.110.3.406
https://doi.org/10.1177/1745691611419672
https://doi.org/10.1177/1745691611419672


Nordling, J. K., Boldt, L. J., O’Bleness, J., & Kochanska, G.
(2016). Effortful control mediates relations between children’s
attachment security and their regard for rules of conduct.
Social Development, 25, 268–284. https://doi.org/10.1111/
sode.12139.

Nyman, E. S., Sulkava, S., Soronen, P., Miettunen, J., Loukola, A.,
Leppä, V., & Paunio, T. (2011). Interaction of early environment,
gender and genes of monoamine neurotransmission in the
aetiology of depression in a large population-based Finnish birth
cohort. BMJ Open, 1, e000087. https://doi.org/10.1136/bmjopen-
2011-000087.

Park, S., Kim, B. N., Kim, J. W., Shin, M. S., Yoo, H. J., & Cho, S. C.
(2017). Interactions between early trauma and catechol-O-
methyltransferase genes on inhibitory deficits in children with
ADHD. Journal of Attention Disorders, 21, 183–189. https://doi.
org/10.1177/1087054714543650.

Pinquart, M. (2017). Associations of parenting dimensions and styles
with internalizing symptoms in children and adolescents: A meta-
analysis. Marriage & Family Review, 53, 613–640. https://doi.
org/10.1080/01494929.2016.1247761.

Quan, J., Ong, M. L., Bureau, J. F., Sim, L. W., Sanmugam, S., &
Malik, A. B. A., GUSTO Study Group. (2017). The influence
of CHRNA4, COMT, and maternal sensitivity on orienting
and executive attention in 6-month-old infants. Brain and
Cognition, 116, 17–28. https://doi.org/10.1016/j.bandc.2017.
05.002.

Rao, H., Betancourt, L., Giannetta, J. M., Brodsky, N. L., Korczy-
kowski, M., Avants, B. B., & Farah, M. J. (2010). Early parental
care is important for hippocampal maturation: Evidence from
brain morphology in humans. Neuroimage, 49, 1144–1150.
https://doi.org/10.1016/j.neuroimage.2009.07.003.

Roisman, G. I., Newman, D. A., Fraley, R. C., Haltigan, J. D., Groh,
A. M., & Haydon, K. C. (2012). Distinguishing differential
susceptibility from diathesis–stress: Recommendations for eval-
uating interaction effects. Development and Psychopathology, 24,
389–409. https://doi.org/10.1017/S0954579412000065.

Roskam, I., Stievenart, M., Meunier, J. C., & Noël, M. P. (2014). The
development of children’s inhibition: Does parenting matter?
Journal of Experimental Child Psychology, 122, 166–182. https://
doi.org/10.1016/j.jecp.2014.01.003.

Ruybal, A. L., & Crano, W. D. (2020). Parental influences on ado-
lescent major depressive symptoms and marijuana use. Interna-
tional Journal of Mental Health and Addiction, 18, 382–394.
https://doi.org/10.1007/s11469-019-00194-y.

Soenens, B., Deci, E. L., & Vansteenkiste, M. (2017). How parents
contribute to children’s psychological health: The critical role
of psychological need support. In M. Wehmeyer, K. Shogren,
T. Little & S. Lopez (Eds.), Development of self-
determination through the life-course (pp. 171–187). Dor-
drecht: Springer.

Solovieff, N., Cotsapas, C., Lee, P. H., Purcell, S. M., & Smoller, J.
W. (2013). Pleiotropy in complex traits: challenges and strategies.
Nature Reviews Genetics, 14, 483–495. https://doi.org/10.1038/
nrg3461.

Spruit, A., Goos, L., Weenink, N., Rodenburg, R., Niemeyer, H., Stams,
G. J., & Colonnesi, C. (2020). The relation between attachment and
depression in children and adolescents: A multilevel meta-analysis.
Clinical Child and Family Psychology Review, 23, 54–69. https://
doi.org/10.1007/s10567-019-00299-9.

Steinberg, L. (2020). Adolescence, twelfth ed. New York, NY:
McGraw-Hill.

Steinberg, L., Lamborn, S. D., Dornbusch, S. M., & Darling, N.
(1992). Impact of parenting practices on adolescent achievement:
authoritative parenting, school involvement, and encouragement
to succeed. Child Development, 63, 1266–1281. https://doi.org/
10.1111/j.1467-8624.1992.tb01694.x.

Sulik, M. J., Blair, C., Mills‐Koonce, R., Berry, D., Greenberg, M.,
Family Life Project Investigators, & Willoughby, M. T.
(2015a). Early parenting and the development of externalizing
behavior problems: Longitudinal mediation through children’s
executive function. Child Development, 86, 1588–1603.
https://doi.org/10.1111/cdev.12386.

Sulik, M. J., Eisenberg, N., Spinrad, T. L., Lemery-Chalfant, K.,
Swann, G., Silva, K. M., & Verrelli, B. C. (2015b). Interactions
among catechol-O-methyltransferase genotype, parenting, and
sex predict children’s internalizing symptoms and inhibitory
control: Evidence for differential susceptibility. Development
and Psychopathology, 27, 709–723. https://doi.org/10.1017/
S0954579414000807.

Tiberio, S. S., Capaldi, D. M., Kerr, D. C., Bertrand, M., Pears, K.
C., & Owen, L. (2016). Parenting and the development of
effortful control from early childhood to early adolescence: A
transactional developmental model. Development and Psy-
chopathology, 28, 837–853. https://doi.org/10.1017/
S0954579416000341.

Tunbridge, E. M., Harrison, P. J., & Weinberger, D. R. (2006).
Catechol-o-methyltransferase, cognition, and psychosis: Val158-
Met and beyond. Biological Psychiatry, 60, 141–151. https://doi.
org/10.1016/j.biopsych.2005.10.024.

Van Assche, E., Moons, T., Van Leeuwen, K., Colpin, H., Ver-
schueren, K., Van Den Noortgate, W., & Claes, S. (2016).
Depressive symptoms in adolescence: The role of perceived
parental support, psychological control, and proactive control
in interaction with 5-HTTLPR. European Psychiatry, 35,
55–63. https://doi.org/10.1016/j.eurpsy.2016.01.2428.

Vijayakumar, N., Whittle, S., Dennison, M., Yücel, M., Simmons,
J., & Allen, N. B. (2014). Development of temperamental
effortful control mediates the relationship between maturation
of the prefrontal cortex and psychopathology during adoles-
cence: A 4-year longitudinal study. Developmental Cognitive
Neuroscience, 9, 30–43. https://doi.org/10.1016/j.dcn.2013.
12.002.

Whittle, S., Simmons, J. G., Dennison, M., Vijayakumar, N.,
Schwartz, O., Yap, M. B., & Allen, N. B. (2014). Positive par-
enting predicts the development of adolescent brain structure: A
longitudinal study. Developmental Cognitive Neuroscience, 8,
7–17. https://doi.org/10.1016/j.dcn.2013.10.006.

Widaman, K. F., Helm, J. L., Castro-Schilo, L., Pluess, M., Stallings,
M. C., & Belsky, J. (2012). Distinguishing ordinal and disordinal
interactions. Psychological Methods, 17, 615–622. https://doi.
org/10.1037/a0030003.

Wouters, S., Colpin, H., Luyckx, K., & Verschueren, K. (2018).
Explaining the relationship between parenting and internalizing
symptoms: The role of self-esteem level and contingency. Jour-
nal of Child and Family Studies, 27, 3402–3412. https://doi.org/
10.1007/s10826-018-1167-4.

Yap, M. B. H., Pilkington, P. D., Ryan, S. M., & Jorm, A. F.
(2014). Parental factors associated with depression and anxi-
ety in young people: A systematic review and meta-analysis.
Journal of Affective Disorders, 156, 8–23. https://doi.org/10.
1016/j.jad.2013.11.007.

Zhang, H., Li, J., Yang, B., Ji, T., Long, Z., Xing, Q., & Cao, F.
(2018). The divergent impact of catechol-O-methyltransferase
(COMT) Val158Met genetic polymorphisms on executive func-
tion in adolescents with discrete patterns of childhood adversity.
Comprehensive Psychiatry, 81, 33–41. https://doi.org/10.1016/j.
comppsych.2017.11.004.

Zhang, W., Cao, C., Wang, M., Ji, L., & Cao, Y. (2016). Monoamine
oxidase a (MAOA) and catechol-o-methyltransferase (COMT)
gene polymorphisms interact with maternal parenting in asso-
ciation with adolescent reactive aggression but not proactive
aggression: Evidence of differential susceptibility. Journal of

Journal of Youth and Adolescence

https://doi.org/10.1111/sode.12139
https://doi.org/10.1111/sode.12139
https://doi.org/10.1136/bmjopen-2011-000087
https://doi.org/10.1136/bmjopen-2011-000087
https://doi.org/10.1177/1087054714543650
https://doi.org/10.1177/1087054714543650
https://doi.org/10.1080/01494929.2016.1247761
https://doi.org/10.1080/01494929.2016.1247761
https://doi.org/10.1016/j.bandc.2017.05.002
https://doi.org/10.1016/j.bandc.2017.05.002
https://doi.org/10.1016/j.neuroimage.2009.07.003
https://doi.org/10.1017/S0954579412000065
https://doi.org/10.1016/j.jecp.2014.01.003
https://doi.org/10.1016/j.jecp.2014.01.003
https://doi.org/10.1007/s11469-019-00194-y
https://doi.org/10.1038/nrg3461
https://doi.org/10.1038/nrg3461
https://doi.org/10.1007/s10567-019-00299-9
https://doi.org/10.1007/s10567-019-00299-9
https://doi.org/10.1111/j.1467-8624.1992.tb01694.x
https://doi.org/10.1111/j.1467-8624.1992.tb01694.x
https://doi.org/10.1111/cdev.12386
https://doi.org/10.1017/S0954579414000807
https://doi.org/10.1017/S0954579414000807
https://doi.org/10.1017/S0954579416000341
https://doi.org/10.1017/S0954579416000341
https://doi.org/10.1016/j.biopsych.2005.10.024
https://doi.org/10.1016/j.biopsych.2005.10.024
https://doi.org/10.1016/j.eurpsy.2016.01.2428
https://doi.org/10.1016/j.dcn.2013.12.002
https://doi.org/10.1016/j.dcn.2013.12.002
https://doi.org/10.1016/j.dcn.2013.10.006
https://doi.org/10.1037/a0030003
https://doi.org/10.1037/a0030003
https://doi.org/10.1007/s10826-018-1167-4
https://doi.org/10.1007/s10826-018-1167-4
https://doi.org/10.1016/j.jad.2013.11.007
https://doi.org/10.1016/j.jad.2013.11.007
https://doi.org/10.1016/j.comppsych.2017.11.004
https://doi.org/10.1016/j.comppsych.2017.11.004


Youth and Adolescence, 45, 812–829. https://doi.org/10.1007/
s10964-016-0442-1.

Yanmiao Cao Is an Associate Professor at Shandong Normal
University. She received her doctorate in Psychology from
Shandong Normal University. Her major research interests include
adolescents’ social-emotional development (especially depression) and
developmental behavior genetics.

Guanghui Chen Is a Professor at Shandong Normal University. He
received his doctorate in Psychology from Shandong Normal
University. His major research interests include the development of
child problem behaviors and peer relationships.

Linqin Ji Is a Professor at Shandong Normal University. She received
her doctorate in Psychology from Shandong Normal University. Her
major research interests include aggression and problem behaviors,
developmental psychopathology, and adolescent social-emotional
development.

Wenxin Zhang Is a Professor at Shandong Normal University. He
received his doctorate in Psychology from Beijing Normal University.
His major research interests include developmental behavior genetics,
the development of child/adolescent problem behaviors, parent-
adolescent relationships, and peer relationships.

Journal of Youth and Adolescence

https://doi.org/10.1007/s10964-016-0442-1
https://doi.org/10.1007/s10964-016-0442-1

	Inhibitory Control Mediates the Associations Between Parenting Practices and Depressive Symptoms in Adolescents: The Moderating Role of Catechol-O-Methyltransferase (COMT) Gene
	Abstract
	Introduction
	Parenting Practices and Adolescent Depressive Symptoms
	Inhibitory Control as A Mediator
	COMT Gene as A Potential Moderator

	Hypotheses
	Methods
	Participants
	Procedure
	Measurements
	Depressive symptoms
	Parenting practices
	Inhibitory control
	Genotyping
	Statistical analyses

	Results
	Descriptive Statistics and Preliminary Analyses
	Mediation Analyses
	Moderated Mediation Analyses
	Internal Replication and Meta-Analysis

	Discussion
	Conclusion
	Compliance with Ethical Standards

	ACKNOWLEDGMENTS
	Appendix
	References
	A10
	A11
	A12
	A13




