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Abstract
This study constructed an “Environment × Polygene—Endophenotype—
Behavior” theoretical framework and conducted a half-year longitudinal study
with 880 middle school students to investigate the mediating role of self-control
in the relationship between parental emotional warmth and adolescent proso-
cial behavior. Furthermore, employing a polygenic additive score research
paradigm, we examined how genes from the dopamine, serotonin, and oxytocin
systems (COMT gene rs6269, HTR2A gene rs6313, OXTR gene rs53576,
OXTR gene rs2254295, and OXTR gene rs2254298) moderate this mediating
mechanism and tested for parental differences therein. The results demon-
strated that: (1) After controlling for baseline levels of prosocial behavior,
parental emotional warmth not only positively predicted prosocial behavior
but also exerted an influence on prosocial behavior through self-control; (2)
The interaction between polygenic additive score and parental emotional
warmth could not directly predict prosocial behavior, but rather impacted
prosocial behavior via self-control, with no parental differences observed in
this mechanism. Among adolescents with higher polygenic additive scores,
parental emotional warmth significantly and positively predicted self-control,
which subsequently influenced prosocial behavior; conversely, among adoles-
cents with lower polygenic additive scores, this mediating pathway was not
significant. These findings elucidate how the effects of parental emotional
warmth on adolescent self-control and prosocial behavior vary depending on
polygenic additive scores, thereby contributing to a deeper understanding of
the mechanisms underlying prosocial behavior.
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Abstract
This study constructed a theoretical framework of “Environment × Polygene–
Endophenotype–Behavior” and conducted a six-month longitudinal study with
880 middle school students to examine the mediating role of self-control in the
relationship between parental emotional warmth and adolescent prosocial be-
havior. Further, using a multilocus genetic profile score research paradigm, we
investigated how genes from the dopamine, serotonin, and oxytocin systems
(COMT gene rs6269, HTR2A gene rs6313, OXTR gene rs53576, OXTR gene
rs2254295, and OXTR gene rs2254298) moderate this mediating mechanism
and tested for parental differences. Results showed that: (1) After controlling
for baseline prosocial behavior, parental emotional warmth not only positively
predicted prosocial behavior but also influenced prosocial behavior through
self-control; (2) The interaction between multilocus genetic profile scores and
parental emotional warmth did not directly predict prosocial behavior but rather
influenced prosocial behavior through self-control, and this mechanism showed
no parental differences. Specifically, among adolescents with higher multilocus
genetic profile scores, parental emotional warmth significantly positively pre-
dicted self-control, which in turn affected prosocial behavior; whereas among
adolescents with lower multilocus genetic profile scores, this mediating pathway
was not significant.

These findings elucidate how parental emotional warmth influences adolescent
self-control and prosocial behavior differently depending on multilocus genetic
profile scores, contributing to a deeper understanding of the mechanisms under-
lying prosocial behavior.

Keywords: prosocial behavior, parental emotional warmth, self-control, multi-
locus genetic profile scores, parental differences
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1. Introduction
Prosocial behavior refers to actions that benefit others and promote positive
social relationships (Eisenberg et al., 2006). As a marker of positive social
functioning, individual prosocial behavior is crucial for building a harmonious
society. As the foundation of adolescent social competence and moral devel-
opment, prosocial behavior also promotes adolescents’ social adaptation and
reduces the risk of internalizing and externalizing problems (Liu et al., 2024;
Zondervan-Zwijnenburg et al., 2022). Behavioral genetics research has shown
that both genetic and family environmental factors underlie prosocial behav-
ior (Knafo-Noam et al., 2018). Although scholars have recently explored the
mechanisms of prosocial behavior, the specific mechanisms through which envi-
ronmental and genetic factors interactively influence prosocial behavior remain
underdeveloped. Most existing research has focused on the interactive effects
of parental practices and single genes on adolescent prosocial behavior, while
studies from a polygenic perspective that further explore endophenotype mech-
anisms are particularly lacking.

According to socialization models of prosocial behaviors, parental behavior pro-
vides an important foundation for prosocial development, and various individual
internal factors such as cognitive-emotional traits and values are closely associ-
ated with prosocial behavior (Eisenberg & Mussen, 1989; Eisenberg & Spinrad,
2014). Social cognitive models of prosocial behaviors further emphasize that
individuals’ internal social-cognitive and emotional processes serve as mediators
and bridges between parenting and prosocial behavior, with clarifying these me-
diating mechanisms offering new perspectives for cultivating prosocial behavior.
Moreover, recent research has called for examining the interactive effects of mul-
tilocus genetic profile scores (MGPS) and environmental factors on adolescent
psychological and behavioral development, which can address the low reliabil-
ity of previous single-gene findings while also increasing genetic explanatory
power (Lin Xiaonan et al., 2023; Starr & Huang, 2019; Zhang & Belsky, 2020).
Therefore, this study examines the mediating effect of self-control in the rela-
tionship between parental emotional warmth and adolescent prosocial behavior.
Building on this, we construct cumulative scores for dopamine, oxytocin, and
serotonin system genes to investigate whether the interaction between parental
emotional warmth and MGPS influences adolescent prosocial behavior through
self-control.

1.1 The Relationship Between Parental Emotional Warmth and Ado-
lescent Prosocial Behavior

Socialization models of prosocial behaviors emphasize that parents, as central
figures in adolescents’ social interactions, provide an important psychological
foundation for the formation and development of prosocial behavior through
their parenting styles (Eisenberg & Mussen, 1989; Eisenberg & Spinrad, 2014).
Parental emotional warmth refers to parents’ attention to children’s emotional
needs and their provision of care, responsiveness, comfort, and support during
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parent-child interactions (Baumrind, 1991). Research indicates that emotion-
ally warm parenting helps children gradually develop the resources needed for
self-regulation and environmental adaptation, fostering positive interpersonal
interaction tendencies and promoting prosocial behavior (Buckley et al., 2023;
Williams & Berthelsen, 2017). Conversely, parents lacking emotional warmth
show low responsiveness to children’s needs, resulting in poorer emotional ex-
pression abilities in children that hinder prosocial development (Carlo, White,
et al., 2018).

Influenced by Confucian family values and traditional gender division of la-
bor, mothers bear primary responsibility for child-rearing and family educa-
tion, spending significantly more time interacting with children than fathers.
Correspondingly, some previous studies have only examined maternal parent-
ing effects on prosocial behavior, emphasizing mothers’ more important role in
adolescent development (Davis et al., 2018; Vaughan et al., 2021). However,
other research suggests that one parent’s exclusive interaction with the child
does not mean that only that parent exerts influence (Ward & Lee, 2020). With
rapid social and cultural changes, fathers have become increasingly involved in
children’s socialization processes, sharing parenting responsibilities and obliga-
tions with mothers (Bianchi & Milkie, 2010; Li, 2020). Numerous studies have
shown that both fathers and mothers significantly predict adolescent social de-
velopment (Daniel et al., 2016; Lee et al., 2018). Most current scholars examine
paternal and maternal emotional warmth as a combined construct and have
confirmed significant associations between parental emotional warmth and ado-
lescent prosocial development (Buckley et al., 2023; Kil et al., 2023; Quan et
al., 2021). Only a few studies have examined paternal and maternal emotional
warmth separately without further comparing whether their effects differ (Wang
et al., 2023; Wong & Konishi, 2023). Based on these considerations, this study
examines the mechanism through which parental emotional warmth influences
adolescent prosocial behavior development and tests whether this mechanism
shows parental differences.

1.2 The Mediating Role of Self-Control

According to socialization models of prosocial behaviors, prosocial behavior de-
pends not only on parental practices but is also closely associated with indi-
vidual internal cognitive-emotional factors such as self-regulation (Eisenberg &
Mussen, 1989; Eisenberg & Spinrad, 2014). Social cognitive models of proso-
cial behaviors further hypothesize that positive parenting promotes cognitive-
emotional processes related to prosocial characteristics, which in turn influ-
ence prosocial behavior. In other words, individuals’ internal social-cognitive
and emotional variables may be important mediators through which parental
emotional warmth affects adolescent prosocial behavior (Bandura, 1986; Carlo,
Streit, & Crockett, 2018; Eisenberg et al., 2015). Emotionally warm parenting
creates a supportive interactive environment that facilitates children’s internal-
ization of social norms and rules and helps them construct their own behavioral
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regulation mechanisms, thereby promoting self-control development (Cai Xue-
bin et al., 2022; Li, Willems, et al., 2019). According to the self-control process
model of altruistic behavior, self-control is an important internal psychologi-
cal process in prosocial behavior that can inhibit self-interested impulses and
promote prosocial actions (Fei Dingzhou et al., 2016). Individuals with high self-
control can effectively regulate their attention processes in response to social en-
vironmental changes, adopt a “decentration” perspective, show greater concern
for others’ needs in interpersonal interactions, and consequently exhibit more
prosocial behavior (Zhang & Wang, 2020). Empirical research has shown that
positive parenting significantly promotes adolescent self-control development,
which in turn enhances adolescent prosocial behavior (Eisenberg et al., 2019;
Ferschmann et al., 2023). Li, Yu et al. (2023) also noted that self-control can
mediate the relationship between parent-child attachment and adolescent proso-
cial behavior. These theoretical and empirical clues suggest that self-control
may be a key window for understanding how parental emotional warmth influ-
ences prosocial behavior. Therefore, this study examines the mediating role of
self-control in the relationship between parental emotional warmth and prosocial
behavior.

1.3 The Moderating Role of Multilocus Genetic Profile Scores

Behavioral genetics research suggests that the process through which parental
emotional warmth influences adolescent prosocial behavior via self-control may
be moderated by genetic factors (Knafo-Noam et al., 2018). Previous research
suggests that gene-environment interactions may not directly encode behavioral
phenotypes (Caspi & Moffitt, 2006; Zhang Wenxin et al., 2021). Compared
with external behavioral phenotypes, intermediate endophenotypes are more
closely associated with genetic foundations and can more directly and strongly
reflect the influence of gene-environment interactions (Rommelse et al., 2008;
Zhang et al., 2020). Examining endophenotype mechanisms of environment-
gene interactions on behavior is more conducive to revealing the full picture of
psychological and behavioral development. Therefore, this study constructed an
“Environment × Polygene–Endophenotype–Behavior” framework to investigate
whether the interaction between parental emotional warmth and MGPS can
influence self-control and subsequently predict prosocial behavior.

Numerous studies have shown that serotonin, oxytocin, and dopamine system
genes play important roles in the expression of phenotypes related to self-control,
impulsivity, and delayed reward (Davies et al., 2015; Stamatis et al., 2020;
Stoltenberg et al., 2012). Specifically, the serotonin receptor (5-HTR) gene reg-
ulates serotonin concentration in the synaptic cleft by mediating serotonin reup-
take in the presynaptic membrane (Lesch, 2007), thereby affecting self-control
resources needed for environmental adaptation (Stamatis et al., 2020). The oxy-
tocin receptor (OXTR) gene encodes OXTR, which regulates reward-related re-
sponses, including self-control and addictive behaviors, by acting on mesolimbic
dopaminergic activity (Damiano et al., 2014; Kemp & Guastella, 2010). The

chinarxiv.org/items/chinaxiv-202406.00249 Machine Translation

https://chinarxiv.org/items/chinaxiv-202406.00249


catechol-O-methyltransferase (COMT) gene encodes a key metabolic enzyme
that degrades catecholamines (including dopamine and norepinephrine), reduc-
ing dopamine concentration in the synaptic cleft and thereby affecting impulse
inhibition and self-control processes (Van Heel et al., 2020).

Theoretical and empirical research further shows that interactions between en-
vironmental factors and 5-HTR, OXTR, and COMT genes can significantly
predict the development of specific phenotypes. According to the environmen-
tal sensitivity model, the interaction pattern between environment and genes
essentially reflects individual differences in environmental sensitivity. That is,
individuals carrying sensitivity genes show unstable psychological and behav-
ioral responses to environmental changes—they are more susceptible to negative
environments and show more maladaptive problems, but also benefit more from
positive environments and show more adaptive outcomes (Pluess et al., 2018).
Existing research provides preliminary evidence for this interaction pattern. For
example, serotonin regulates individual responses to environmental stimuli in
the amygdala and medial frontal cortex connection regions (Cools et al., 2008).
The HTR2A gene rs6313 has been shown to moderate the impact of maternal
parenting attitudes on individual development, with individuals carrying the
rs6313 polymorphism T allele showing higher sensitivity to maternal parenting
(Merjonen et al., 2011). The main expression brain regions of COMT and OXTR
genes are concentrated in the prefrontal cortex and limbic system, which are in-
volved in regulating individuals’ environmental sensitivity (Matsumoto et al.,
2003; Tost et al., 2010). Cao et al. (2021) found in a cross-sectional study that
for adolescents with the COMT gene rs4680 ValVal genotype, positive parenting
positively predicted inhibitory control, which in turn reduced depression risk,
whereas this mediating pathway was not significant among adolescents carrying
the Met allele. The OXTR gene rs53576 interacts with maternal sensitivity to
affect individuals’ self-regulation, with individuals carrying the G allele showing
self-regulation more susceptible to maternal sensitivity (Augustine et al., 2018).

Previous studies have selectively examined the interaction between single nu-
cleotide polymorphisms (SNPs) and environment on adolescent socialization de-
velopment, providing important directions for identifying mechanisms of individ-
ual psychological and behavioral development. However, with the advancement
of research, the limitations of the “environment × single gene” paradigm have
gradually emerged, mainly manifested in extremely small effect sizes, low re-
sult reliability, and inability to capture additive genetic effects (Starr & Huang,
2019; Zeng et al., 2023). Meanwhile, multiple studies have shown that genetic
effects are additive, with different genetic polymorphisms potentially influencing
individual development in a cumulative manner (Diekhof et al., 2021; Green et
al., 2017; Plomin, 2013). In recent years, researchers have adopted the method
of constructing multilocus genetic profile scores (MGPS)—selecting multiple
SNPs associated with specific psychological and behavioral traits and building
a cumulative index of plasticity alleles—to obtain larger genetic effects. For ex-
ample, Di Iorio et al. (2017) studied cumulative scores for three SNPs related to
anxiety (5-HTR2C rs6318, TPH2 rs4570625, DRD2 rs1800497) and found that
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stressful life events and MGPS interactively influenced anxiety and depression
symptoms. Yu and Huang et al. (2020) used machine learning algorithms to
screen 22 key SNPs from dopamine, serotonin, and oxytocin systems and con-
struct an MGPS, finding that childhood maltreatment and MGPS interactively
influenced negative automatic thoughts. However, to date, no study has exam-
ined the mechanisms of adolescent prosocial behavior from the perspective of
MGPS within the “environment × polygene–endophenotype–behavior” frame-
work. Therefore, this study further examines the moderating role of MGPS in
the relationships among parental emotional warmth, self-control, and adolescent
prosocial behavior. To reduce the risk of false positives and enhance theoreti-
cal explanatory power, we first preliminarily selected 37 genetic polymorphisms
related to self-control from dopamine, oxytocin, and serotonin systems based
on previous research. We then used leave-one-out cross-validation to screen key
polymorphisms that significantly interacted with parental emotional warmth to
influence self-control, thereby constructing the MGPS (Yu, Huang, et al., 2020).

1.4 Overview of the Study

Integrating the above discussion, this study employed a longitudinal design
to examine the mediating mechanism of self-control between parental emo-
tional warmth and prosocial behavior. Furthermore, using the MGPS research
paradigm, we constructed MGPSs for dopamine, oxytocin, and serotonin sys-
tems to investigate whether parental emotional warmth and MGPS influence
prosocial behavior through self-control and whether parental differences exist.
We propose the following hypotheses:

Hypothesis 1: Parental emotional warmth significantly positively predicts
prosocial behavior by enhancing adolescent self-control.

Hypothesis 2: Parental emotional warmth and MGPS interactively influence
adolescent self-control, which in turn affects prosocial behavior.

2. Methods
2.1 Participants and Procedure

We used cluster sampling to select first-year middle school and first-year high
school students from three ordinary middle schools in Guangzhou, Guangdong
Province. At the first time point (T1, November 2021), we measured adoles-
cents’ parental emotional warmth, prosocial behavior, basic demographic in-
formation, and collected genetic data. Six months later (T2, May 2022), we
measured adolescent self-control and prosocial behavior again. At T1, 880 ado-
lescents participated (Mage = 14.34 years, SD = 1.50; 472 boys and 398 girls,
with 10 adolescents not reporting gender). At T2, 723 adolescents remained in
the study, while 157 were absent due to leave, training, or dropout. Retained
and lost adolescents showed no significant differences in age, family living stan-
dards, or prosocial behavior, but differed in parental emotional warmth and
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gender (partial �2 = 0.013–0.121). Following Bandalos (2002) and previous re-
search (Liang et al., 2023), when partial �2 < 0.14, the effect size is small and can
be ignored. Among the 880 adolescents, 41.3% of fathers and 36.0% of mothers
had bachelor’s degrees or higher; 36.1% of fathers and 39.6% of mothers had
college or high school education; and 22.6% of fathers and 24.4% of mothers
had education below high school.

This study was approved by the Research Ethics Committee (Ethics Number:
GZHU202315). Before data collection, we informed schools, parents, and ado-
lescents about all procedures and obtained signed informed consent from both
parents and adolescents. During testing, each class was administered by two
trained research assistants (undergraduate/graduate students) familiar with the
questionnaires and saliva collection. All participants completed questionnaires
and provided saliva DNA samples in their classrooms and had the right to with-
draw at any time.

2.2 Measures

2.2.1 Parental Emotional Warmth We used the parental emotional
warmth subscale from the Short-Egna Minnen av Barndoms Uppfostran
(s-EMBU) developed by Perris et al. (1980) and revised by Jiang et al. (2010).
The subscale includes father and mother versions, each with 7 items (e.g., “I
feel my father/mother tries to make my adolescent life more meaningful and
colorful”). Items are rated on a 4-point scale from 1 (never) to 4 (always).
Higher mean scores indicate higher levels of paternal or maternal emotional
warmth. In this study, the scale showed good internal consistency (Cronbach’s
𝛼 = 0.92).

2.2.2 Self-Control We used the Dual Mode of Self-Control Scale (DMSC-
S) developed by Dvorak and Simons (2009) and revised by Xie et al. (2014).
The scale includes 21 items divided into two dimensions: impulsive system (12
items, e.g., “I am an impulsive person”) and control system (9 items, e.g., “When
encountering problems, I try to solve them”). Items are rated on a 5-point scale
from 1 (completely disagree) to 5 (completely agree). After reverse-scoring the
impulsive system items, we calculated the mean of all items, with higher scores
indicating higher self-control. In this study, the scale showed good internal
consistency (Cronbach’s 𝛼 = 0.90).

2.2.3 Prosocial Behavior We used the prosocial behavior subscale from the
Chinese version of the Strengths and Difficulties Questionnaire (SDQ) developed
by Goodman (2000) and revised by Zhang et al. (2009). The subscale includes 5
items rated on a 3-point scale from 0 (not true) to 2 (certainly true), with higher
mean scores indicating higher prosocial behavior. In this study, Cronbach’s 𝛼
was 0.73 at T1 and 0.81 at T2.
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2.2.4 Covariates Based on relevant literature on prosocial behavior (Zhang
Wenxin et al., 2021), we controlled for adolescents’ age, gender (0 = male, 1 =
female), family economic level (1 = poor, 2 = not well-off, 3 = average, 4 =
relatively wealthy, 5 = wealthy), and parental education level (1 = elementary
school or below, 2 = junior high school (including incomplete), 3 = high school or
technical school (including incomplete), 4 = college (including night school, TV
university), 5 = bachelor’s degree, 6 = graduate degree (master’s or doctoral)).

2.2.5 Saliva DNA Extraction and Genotyping We collected saliva DNA
samples from participants using portable saliva collectors in classroom settings.
Participants rinsed their mouths with water 30 minutes before collection and
avoided eating, smoking, drinking, or brushing teeth during the 30 minutes
prior. During collection, participants slowly spat saliva to approximately the
2ml mark in the collection tube and tightened the cap. Genotyping was per-
formed using SNaPshot technology on a 96-channel automatic ABI 3730xL ge-
netic analyzer. The detection platform and genotyping technology used in this
study had high reliability (genotyping efficiency > 95%). To ensure genetic
data quality, we excluded SNPs with detection rates below 95% and minor al-
lele frequency (MAF) less than 2% (Yu, Huang, et al., 2020), retaining 37 SNPs
for subsequent analysis. Detailed single nucleotide polymorphism information
is presented in Table 1 .

2.3 Data Analysis

2.3.1 Construction of Multilocus Genetic Profile Scores We used
Python 3.7 software to perform leave-one-out cross-validation to screen
key genetic polymorphisms and calculate MGPS (Yu, Huang, et al., 2020).
Specifically, leave-one-out cross-validation divides participants into training
sets (N–1 participants) and test sets (1 participant), with multiple iterations
of training and testing to improve reliability. The procedure involved: (1)
Screening key genetic polymorphisms: In the training set, we constructed
interaction terms between candidate SNPs and parental emotional warmth,
then regressed these interaction terms on self-control scores. If the regression
coefficient was significant in 95% of iterations, the SNP was marked as a key
polymorphism and included in subsequent analysis; (2) Calculating MGPS: We
reverse-coded genotypes of key SNPs with significant regression coefficients less
than 0, then accumulated and averaged all key SNPs’ genotypes; (3) Model
training: In the training set of N–1 participants, we regressed standardized
parental emotional warmth scores, standardized MGPS, and their interaction
term on self-control scores, selecting the regression equation with the largest
R2 through leave-one-out validation; (4) Model prediction: We input the test
set’s MGPS and parental emotional warmth into the best regression equation
from step (3) to obtain predicted self-control scores. After N iterations, we
generated predicted self-control scores for all participants. We then correlated
predicted self-control scores with actual self-control scores to test the model’s
predictive ability.
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2.3.2 Statistical Analysis We used SPSS 26.0 and Mplus 8.3 (Muthén &
Muthén, 1998–2017) for preliminary data analysis and model testing. First,
we conducted descriptive statistics to obtain means and standard deviations
of study variables and performed correlation analysis to examine associations
among variables. Second, we constructed a mediation model to test the medi-
ating effect of T2 self-control between T1 parental emotional warmth and T2
prosocial behavior. Third, we constructed a moderated mediation model to test
the moderating role of MGPS in the mediating mechanism. Fourth, we con-
ducted simple slope tests and region of significance analysis (RoS) for the inter-
action between MGPS and parental emotional warmth to further verify whether
the interaction pattern conformed to the environmental sensitivity model. If the
pattern conformed to the model, RoS results should meet the following criteria:
within $±$2 SD of parental emotional warmth, self-control should show signifi-
cant differences between high and low MGPS when parental emotional warmth
is extremely high or low; proportion of interaction (PoI) should be between
0.40–0.60; and proportion affected (PA) should be between 16%–84%. In all
model analyses, we used bootstrap methods (N = 5000) to test the significance
of moderated mediation and moderation effects and employed full information
maximum likelihood estimation (FIML) to handle missing data. Fifth, we per-
formed multi-group comparisons of the moderated mediation model to test for
parental and adolescent gender differences.

3. Results
3.1 Construction of Multilocus Genetic Profile Scores

Leave-one-out cross-validation results showed (see Figure 1 [Figure 1:
see original paper]) that predicted self-control scores were significantly
positively correlated with actual self-control scores (r = 0.20, p =
2.33$×10{-7}), 𝑐𝑜𝑛𝑓𝑖𝑟𝑚𝑖𝑛𝑔𝑡ℎ𝑒𝑣𝑎𝑙𝑖𝑑𝑖𝑡𝑦𝑜𝑓𝑡ℎ𝑒𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑙𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑚𝑜𝑑𝑒𝑙.𝑇 ℎ𝑒𝑠𝑡𝑢𝑑𝑦𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑒𝑑𝑓𝑖𝑣𝑒𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝑆𝑁𝑃𝑠(𝑠𝑒𝑒𝐹𝑖𝑔𝑢𝑟𝑒2[𝐹𝑖𝑔𝑢𝑟𝑒2 ∶ 𝑠𝑒𝑒𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙𝑝𝑎𝑝𝑒𝑟]) ∶ 𝐶𝑂𝑀𝑇 𝑔𝑒𝑛𝑒𝑟𝑠6269, 𝐻𝑇 𝑅2𝐴𝑔𝑒𝑛𝑒𝑟𝑠6313, 𝑂𝑋𝑇 𝑅𝑔𝑒𝑛𝑒𝑟𝑠53576, 𝑟𝑠2254295, 𝑎𝑛𝑑𝑟𝑠2254298.𝐺𝑒𝑛𝑜𝑡𝑦𝑝𝑒𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑠𝑓𝑜𝑟𝑟𝑠6269(𝜒{2}$
= 1.37, p = 0.242, GG = 10.0%; GA = 46.0%, AA = 44.0%), rs6313 (�2 =
2.42, p = 0.120; CC = 14.6%, CT = 44.0%, TT = 41.4%), rs53576 (�2 =
0.01, p = 0.930; GG = 10.3%, GA = 43.7%, AA = 46.0%), rs2254295 (�2 =
0.31, p = 0.692; CC = 8.5%, CT = 44.5%, TT = 47.0%), and rs2254298 (�2
= 0.13, p = 0.722; GG = 48.7%, GA = 41.8%, AA = 9.5%) all conformed to
Hardy-Weinberg equilibrium, with MAF > 2%. Following previous research
(Cao Yanmiao & Zhang Wenxin, 2019; Stocker et al., 2017), we tested linear
genetic effects for these five polymorphisms. Model results showed that the
decomposition model had higher explanatory power than the linear genetic
effect model, but the change in R2 between the two models was not significant
(ΔR2 = 0.005, F(10, 764) = 0.48, p = 0.904). Therefore, based on interaction
term regression coefficients, we linearly coded genotypes: rs6269 (GG = 0, GA
= 1, AA = 2), rs6313 (CC = 0, CT = 1, TT = 2), rs53576 (AA = 0, GA = 1,
GG = 2), rs2254295 (CC = 0, CT = 1, TT = 2), and rs2254298 (AA = 0, GA
= 1, GG = 2). We accumulated and averaged genotype scores across loci to
obtain the MGPS, with its distribution shown in Table 2 .
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3.2 Descriptive Statistics

Table 3 presents descriptive statistics and correlation analysis results. As shown,
T1 parental emotional warmth was significantly positively correlated with T2
self-control, T1 prosocial behavior, and T2 prosocial behavior. T2 self-control
was significantly positively correlated with T1 prosocial behavior and T2 proso-
cial behavior. T1 prosocial behavior was significantly positively correlated with
T2 prosocial behavior. MGPS was not significantly correlated with T1 parental
emotional warmth, T2 self-control, T1 prosocial behavior, or T2 prosocial be-
havior.

3.3 Mediating Effect of Self-Control

We constructed a mediation model with T1 parental emotional warmth as the
independent variable, T2 self-control as the mediator, T2 prosocial behavior as
the dependent variable, T1 prosocial behavior as the baseline, and age, gender,
parental education, and family economic level as covariates. The mediation
model showed good fit (�2(10) = 4.17, CFI = 0.93, RMSEA = 0.06, 90%CI =
[0.042, 0.079], SRMR = 0.04, see Figure 3 [Figure 3: see original paper]). T1
parental emotional warmth significantly positively predicted T2 self-control (b
= 0.09, SE = 0.04, p = 0.017) and T2 prosocial behavior (b = 0.08, SE =
0.03, p = 0.002). T2 self-control significantly positively predicted T2 prosocial
behavior (b = 0.06, SE = 0.03, p = 0.025). The mediating effect of T2 self-
control between T1 parental emotional warmth and T2 prosocial behavior was
significant (effect = 0.01, SE = 0.003, 95%CI = [0.001, 0.015]).

3.4 Moderating Effect of Multilocus Genetic Profile Scores

We incorporated MGPS into the previous mediation model. The moderated
mediation model showed good fit (�2(17) = 1.99, CFI = 0.96, RMSEA = 0.04,
90%CI = [0.017, 0.052], SRMR = 0.04). MGPS moderated the effect of T1
parental emotional warmth on T2 self-control (b = 0.38, SE = 0.09, p < 0.001,
see Table 4 ) but did not moderate the direct effect of T1 parental emotional
warmth on T2 prosocial behavior (b = –0.12, SE = 0.06, p = 0.064). When
excluding any single polymorphism and analyzing the cumulative score of the
remaining four polymorphisms, the cumulative score of any four polymorphisms
significantly moderated the effect of T1 parental emotional warmth on T2 self-
control (excluding OXTR rs53576: b = 0.33, SE = 0.09, p < 0.001; excluding
OXTR rs2254295: b = 0.36, SE = 0.09, p < 0.001; excluding OXTR rs2254298:
b = 0.36, SE = 0.10, p < 0.001; excluding COMT rs6269: b = 0.29, SE =
0.08, p < 0.001; excluding HTR2A rs6313: b = 0.30, SE = 0.08, p < 0.001),
indicating no dominant effect of any single polymorphism.

Further simple slope tests showed that self-control levels of adolescents with
high MGPS (+1 SD) increased significantly with parental emotional warmth
(b = 0.22, SE = 0.05, p < 0.001), whereas for adolescents with low MGPS
(–1 SD), parental emotional warmth did not significantly affect self-control (b
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= –0.05, SE = 0.05, p = 0.338). Moderated mediation analysis indicated that
among adolescents with higher MGPS, self-control significantly mediated the
relationship between parental emotional warmth and prosocial behavior (b =
0.01, SE = 0.01, 95%CI = [0.003, 0.033]), whereas this mediating pathway
was not significant among adolescents with lower MGPS (b = –0.00, SE =
0.00, 95%CI = [–0.014, 0.002]). Additionally, region of significance analysis
showed that when parental emotional warmth values were greater than 0.293,
adolescents with higher MGPS had significantly higher self-control than those
with lower MGPS; conversely, when parental emotional warmth values were less
than –0.044, adolescents with higher MGPS had significantly lower self-control
than those with lower MGPS (PoI = 0.44, PA = 0.45). Moreover, X2 and
ZX2 did not significantly predict adolescent self-control, indicating no nonlinear
relationships. Overall, these results suggest that the interaction pattern between
parental emotional warmth and MGPS on adolescent self-control in this study
conforms to the environmental sensitivity model.

To further test whether the moderated mediation model showed parental differ-
ences, we calculated separate scores for paternal and maternal emotional warmth
and conducted multi-group comparisons by parent gender. Results showed good
model fit (�2(34) = 2.05, CFI = 0.96, RMSEA = 0.04, 90%CI = [0.024, 0.048],
SRMR = 0.04). Both paternal emotional warmth × MGPS (b = 0.33, SE =
0.06, p < 0.001) and maternal emotional warmth × MGPS (b = 0.36, SE =
0.09, p < 0.001) significantly predicted self-control, with no significant parental
differences in the interaction effect (b = –0.03, SE = 0.13, p = 0.810). Nei-
ther paternal nor maternal emotional warmth × MGPS significantly affected
prosocial behavior (b_{father} = –0.12, SE = 0.06, p = 0.058; b_{mother}
= –0.10, SE = 0.06, p = 0.098). Additionally, Wang et al. (2019) noted that
simply including adolescent gender as a covariate might obscure important re-
sults. Therefore, we conducted multi-group comparisons by adolescent gender.
Results showed good model fit (�2(28) = 1.41, CFI = 0.96, RMSEA = 0.03,
90%CI = [0.000, 0.058], SRMR = 0.053). Parental emotional warmth × MGPS
significantly predicted self-control for both boys and girls (b_{boys} = 0.41,
SE = 0.13, p = 0.001; b_{girls} = 0.32, SE = 0.14, p = 0.021), with no gender
differences in the interaction effect (b = 0.093, SE = 0.19, p = 0.625). Parental
emotional warmth × MGPS did not significantly affect prosocial behavior for
either gender (b_{boys} = –0.10, SE = 0.10, p = 0.292; b_{girls} = –0.10, SE
= 0.08, p = 0.233).

4. Discussion
This longitudinal study examined the mediating role of self-control between
parental emotional warmth and adolescent prosocial behavior. Using the MGPS
research paradigm, we investigated for the first time how the interaction between
MGPS from dopamine, oxytocin, and serotonin systems and parental emotional
warmth influences prosocial behavior through self-control. Consistent with our
hypotheses, after controlling for baseline prosocial behavior, parental emotional

chinarxiv.org/items/chinaxiv-202406.00249 Machine Translation

https://chinarxiv.org/items/chinaxiv-202406.00249


warmth indirectly influenced adolescent prosocial behavior through self-control,
with multisystem MGPS moderating this effect and showing no parental differ-
ences. Specifically, among adolescents with higher MGPS, parental emotional
warmth had a stronger effect on self-control, which in turn influenced proso-
cial behavior. For adolescents with lower MGPS, this mediating effect was not
significant. These results provide important evidence for understanding the
associations among parental emotional warmth, cumulative effects of multiple
biological system genes, self-control, and prosocial behavior, offering theoretical
support for cultivating adolescent prosocial behavior.

4.1 Mediating Role of Self-Control Between Parental Emotional
Warmth and Prosocial Behavior

This study found that after controlling for baseline prosocial behavior, parental
emotional warmth still positively predicted prosocial behavior, consistent with
previous research (Zhang Wenxin et al., 2021; Kil et al., 2023; Pastorelli et al.,
2021), again highlighting parental emotional warmth as an important predictor
of prosocial development. Mediation analysis showed that self-control mediated
the relationship between parental emotional warmth and prosocial behavior.
This result supports social cognitive theory of prosocial behavior, which posits
that parental emotional warmth fosters democratic, harmonious, and relaxed
family interaction atmospheres that promote children’s identification and in-
ternalization of social norms and values into self-control capabilities, thereby
influencing prosocial development. Previous research based on social cognitive
theory has mostly explored mediating processes from self-compassion and empa-
thy perspectives (Zhang Wenxin et al., 2021; Yu, Li, & Zhao, 2020). Meanwhile,
self-control as a core indicator of antisocial behavior has been widely reported as
an explanatory mechanism between family environment and antisocial behavior.
Indeed, theories and research suggest that self-control helps individuals inhibit
instinctive impulses and desires, and prosocial behavior requires individuals to
overcome automatic self-interested cognition and emotion through self-control
(Fei Dingzhou et al., 2016; Knoch & Nash, 2015). However, in-depth empiri-
cal exploration of self-control’s internal mechanism in how parenting influences
prosocial behavior is lacking. This study examined how parental emotional
warmth influences prosocial behavior from the perspective of self-control, show-
ing that parental emotional warmth is an external motivator for self-control,
while self-control is an internal promoting resource for prosocial behavior. The
findings further clarify that self-control plays an important bridging and win-
dow role between parental emotional warmth and prosocial behavior, expanding
social cognitive theory of prosocial behavior and deepening understanding of the
internal endophenotype mechanisms through which parental emotional warmth
affects prosocial behavior.
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4.2 Moderating Role of Multilocus Genetic Profile Scores

This study further found that MGPS moderated the pathway through which
parental emotional warmth influences prosocial behavior via self-control. The
interaction pattern between parental emotional warmth and MGPS supported
the environmental sensitivity model: adolescents with high MGPS showed
significantly improved self-control with increasing parental emotional warmth,
whereas adolescents with low MGPS showed stable self-control less affected by
parental emotional warmth. Moreover, when MGPS was higher, parental emo-
tional warmth more easily influenced self-control and subsequently promoted
prosocial behavior; when MGPS was lower, the mediating effect of self-control
was not significant. This result can be explained by the cumulative genetic
plasticity model, which suggests that individuals carrying more plasticity alleles
are more susceptible to environmental influences (Belsky et al., 2009; Belsky &
Pluess, 2009). Among the genetic loci used to construct MGPS in this study,
the COMT rs6269 A allele, HTR2A rs6313 T allele, OXTR rs53576 G allele,
OXTR rs2254295 T allele, and OXTR rs2254298 A allele were identified as
plasticity alleles, consistent with previous single gene-environment interaction
research. For example, Merjonen et al. (2011) found that individuals carrying
the T allele of HTR2A rs6313 were more sensitive to maternal parenting
attitudes than those carrying the C allele. Similarly, compared to their
counterpart alleles, COMT rs6269 A (Bernegger et al., 2018), OXTR rs53576
G (Chen et al., 2023), OXTR rs2254295 T (Bozorgmehr et al., 2019), and
OXTR rs2254298 A alleles (Kajanoja et al., 2022) have all been shown to confer
higher environmental sensitivity. MGPS represents the number of plasticity
alleles an individual carries, reflecting the cumulative effect of plasticity alleles.
Therefore, in this study, adolescents with higher MGPS showed self-control
more susceptible to parental emotional warmth.

Additionally, MGPS did not moderate the direct effect of parental emotional
warmth on prosocial behavior. This may be because gene-environment interac-
tions do not directly affect external behavioral phenotypes. Research suggests
that compared with external behavioral phenotypes, intermediate endopheno-
types are more closely linked to genetic foundations and more directly and
strongly reflect the influence of genetic polymorphisms (Rommelse et al., 2008;
Zhang et al., 2020). Previous studies have found similar results; for example,
the interaction between OXTR rs53576 and positive parenting did not directly
affect prosocial behavior (Zhang Wenxin et al., 2021). This study directly se-
lected genetic polymorphisms associated with self-control, potentially reflecting
the direct effect of gene-environment interactions on self-control. Thus, the
interaction between parental emotional warmth and MGPS does not directly
affect prosocial behavior but rather influences it through self-control.

This study innovates in the MGPS research paradigm by using a theory-driven
and data-driven approach to screen key genetic polymorphisms and construct-
ing MGPS based on the number of plasticity alleles. This paradigm avoids the
risk of misusing genetic indicators to some extent, compensates for statistical
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defects when using categorical single-gene polymorphisms in interaction mod-
eling, and improves statistical power (Aliev et al., 2014). The MGPS in this
study explained 2.3% of variance, a modest improvement over most previous
single-gene studies. Future research should expand the genetic screening range
to identify more key polymorphisms and comprehensively explore the full pic-
ture of gene-environment interactions on prosocial behavior. This study is the
first to investigate the internal mechanisms among parental emotional warmth,
multisystem polygenic interactions, adolescent self-control, and prosocial be-
havior, clarifying that self-control is an important endophenotype mechanism
through which MGPS and parental emotional warmth interactively affect proso-
cial behavior. This provides empirical support for the “environment × polygene–
endophenotype–behavior” framework and offers new options and perspectives
for revealing mechanisms of complex adolescent behavioral phenotypes.

4.3 Parental Differences

This study found that both paternal and maternal emotional warmth interacted
with MGPS to influence prosocial behavior development through self-control,
with no significant differences between their effects. This result is similar to
previous findings; for example, Putnick et al. (2018) showed that paternal and
maternal acceptance had equal effects on adolescent prosocial behavior, and
Stocker et al. (2017) found no parental differences when comparing the interac-
tive effects of paternal and maternal parenting quality and MGPS on adolescent
psychological adjustment. Due to Confucian values, social role division, and
family changes, paternal and maternal parenting may differ (Wu Yuxiao et al.,
2018; Wang et al., 2023). However, research also indicates that similarities be-
tween paternal and maternal parenting patterns outweigh differences (Kuppens
& Ceulemans, 2019). Parents influence each other during adolescent socializa-
tion education and gradually develop similar concepts and values in cultivat-
ing children’s prosocial behavior, jointly affecting its development (Kuppens &
Ceulemans, 2019). Even when one parent primarily assumes childcare responsi-
bilities, it is difficult to exclude the influence of the other parent’s parenting style
(Ward & Lee, 2020). This study is the first to clarify the influence mechanism
of parental emotional warmth on adolescent prosocial behavior and its parental
differences from the “environment × polygene–endophenotype–behavior” per-
spective. The findings emphasize that fathers and mothers contribute equally
to the development of adolescent prosocial behavior through emotionally warm
parenting, suggesting that intervention efforts should target both parents.

4.4 Practical Implications and Limitations

Adolescents are the cornerstone of future societal development in every era,
and prosocial behavior is an important medium for future harmonious social
development. Clarifying the key mechanisms through which parental emotional
warmth influences adolescent prosocial behavior has important practical implica-
tions for cultivating prosocial behavior. This study suggests that self-control is
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an important mediating pathway through which parental emotional warmth in-
fluences adolescent prosocial behavior. Kwasnicka et al. (2016) meta-analyzed
80 theories explaining behavior change and maintenance, identifying five key
mechanisms affecting individuals’ ability to change and maintain behavior: mo-
tivation, self-regulation, resources, habits, and environmental factors, with mo-
tivation, self-regulation, and habits all related to self-control (Stautz et al.,
2018). Moreover, existing self-control intervention systems are relatively rich,
and educators can invest more attention in adolescent self-control interventions
to promote prosocial behavior. Additionally, the moderating pattern of MGPS
indicates that parenting influences on adolescent development vary individually.
Parents should adopt truly effective parenting strategies based on children’s de-
velopmental characteristics, implementing “genotype-tailored” parenting. Edu-
cators should also pay attention to individual differences in adolescents’ physio-
logical characteristics (e.g., environmental sensitivity) and intervene in prosocial
behavior in a targeted manner.

Several limitations warrant attention. First, this study used a two-wave design
with a six-month interval, using T2 measures of self-control and prosocial be-
havior in model analysis, which may bias mediation effect estimates and cannot
rule out reverse causality. Future research should employ longitudinal designs
with more time points to examine longitudinal causal relationships. Second, this
study selected 37 candidate genes from dopamine, oxytocin, and serotonin sys-
tems and screened five significantly associated loci to calculate MGPS, with lim-
ited explained variance. Future research should expand the candidate gene range
to obtain more genetic information. Third, this study deepens understanding
of endophenotypes mediating gene-environment interactions on behavioral phe-
notypes, but gene-environment interactions may influence final behavioral phe-
notypes through multiple endophenotypes (Rommelse et al., 2008). Future re-
search could examine whether more biologically-based cognitive-neurobiological
markers can serve as explanatory pathways for environment-gene interactions on
behavioral phenotypes, enriching the “environment × polygene–endophenotype–
behavior” framework. Fourth, previous research has found that different types
of prosocial behavior have different internal mechanisms (Christ et al., 2016);
for example, altruistic prosocial behavior is other-oriented, while public proso-
cial behavior is self-oriented. Future research could further explore endopheno-
type mechanisms through which gene-environment interactions influence differ-
ent types of prosocial behavior.

5. Conclusion
Based on the hypothesis that self-control mediates the relationship between
parental emotional warmth and adolescent prosocial behavior and that MGPS
moderates this relationship, this study verified these propositions using appro-
priate paradigms. For the first time, we revealed that MGPS (COMT rs6269,
HTR2A rs6313, OXTR rs53576, OXTR rs2254295, and OXTR rs2254298) mod-
erates the effect of parental emotional warmth on adolescent self-control, which
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in turn influences prosocial behavior. Consistent with our hypotheses, after con-
trolling for baseline prosocial behavior, parental emotional warmth influenced
adolescent prosocial behavior through self-control, with multisystem MGPS
moderating this effect. Specifically, among adolescents with higher MGPS,
parental emotional warmth had a stronger effect on self-control, which in turn
influenced prosocial behavior, whereas the mediating effect of self-control was
not significant among adolescents with lower MGPS. This study elucidates that
self-control is an important endophenotype mechanism through which parental
emotional warmth and MGPS interactively influence prosocial behavior, empha-
sizing that complex adolescent phenotypes result from combined environmental
and polygenic effects, providing new ideas and empirical evidence for under-
standing the “environment × polygene–endophenotype–behavior” framework.
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