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Objective: Unhealthy family functioning and Protocadherin 9 (PCDH9) have been recognized as potential environmental and genetic 
risk factors for major depressive disorder (MDD). This study examined the effects of the interaction between PCDH9 and family 
functioning on MDD in first-year university students.
Methods: A cohort of 6985 first-year university students in China was established in 2018 and was followed for one year. The blood 
samples from 4866 of these participants (38.88% males, mean age:18.42) were genotyped. MDD was assessed using the Composite 
International Diagnostic Interview-3.0 (CIDI-3.0), while family functioning was evaluated with the Family Assessment Device (FAD). 
Logistic regression was used to examine the interaction of these two risk factors.
Results: The one-year prevalence of MDD was 2.4%. Among first-year university students, the AA genotype of rs9540720 (PCDH9) 
was a protective factor for MDD (OR=0.47, 95% CI: 0.23–0.88, P=0.025). Affective responsiveness was a risk factor for MDD 
(OR=1.77, 95% CI: 1.13–2.78, P=0.013). The interaction between AA genotype of rs9540720 and general functioning was statistically 
significant for MDD (OR=6.83, 95% CI: 1.16–39.27, P=0.031), indicating that unhealthy family functioning may exacerbate the risk 
of MDD in carriers of this genotype.
Conclusion: University students carrying the AA genotype of rs9540720(PCDH9) may have a higher probability of developing MDD 
when they have unhealthy family functioning. The etiological mechanism of depression in university students is explained from the 
perspective of gene-environment interaction and provides a theoretical basis for subsequent effective identification and screening of 
high-risk groups for depression in university students.
Keywords: depression, family functioning, gene-environment interaction, PCDH9 rs9540720, freshman

Introduction
Mental disorders, notably depression, are prevalent among university students.1 The lifetime prevalence of major 
depression among adolescents between the ages of 10–19 can reach as high as 19%.2 Depression has become a major 
psychological problem in Chinese university students.3,4 This adolescent stage (10–19 years) represents a time of 
important social, emotional and life transitions, and depression at this stage can have serious adverse consequences 
including recurrence of depression and long-term impairment of interpersonal, social, educational, and occupational 
functioning.5 Many mental disorders begin in adolescence/young adulthood (12–24 years), and three-quarters of lifetime 
mental disorders appear before the age of 25.6 Furthermore, one of the severe consequences of having depression is 
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suicide.7 And university students are in early adulthood with accelerated brain development and increased sensitivity to 
external stressors.8 In addition, university freshmen are exposed to a variety of risk factors for depression, such as 
financial stress, being away from their families, and adjusting to new learning styles and greater academic pressures.9,10 

Thus, focusing on and investigating depression and its determinants in first-year university students have significant 
clinical and public health implications.

Innate genetic and acquired environmental factors have a significant impact on the development of depression.11 The 
procalcitonin (PCDH) family is the largest subgroup family of the procalcitonin superfamily, which is mainly expressed 
in the nervous system and plays specific roles as receptors in synaptic connectivity and signal transduction.12 A subset of 
non-clustered protocadherins (PCDHs) have been shown to be associated with neuronal disorders such as 
schizophrenia,13 with some variants of PCDH9 being implicated in major depressive disorder.14,15 The lack of 
PCDH9 may lead to a decrease in positive emotions.16 PCDH17, another gene encoding a homologous protein located 
on the same chromosome as PCDH9, has been shown to increase the risk of developing depression.17 Furthermore, 
PCDH17 has been shown to significantly affect synapse development.17,18 The short distance between these two genes 
on the chromosome and the similarity in the structure of the proadhesin product suggest that their biological roles may be 
similar. On the other hand, a meta-analysis reported that the previously unidentified single nucleotide polymorphism 
(SNP) PCDH9 rs9540720 was significantly associated with MDD on a genome-wide basis.19 G+ in PCDH9 rs9540720 
was found to be a risk allele for major depressive disorder (MDD) in a GWAS study.20 However, the relationship 
between PCHD9 and the development of MDD is poorly studied and the mechanism is still not clear.

Consistent with the McMaster Model of Family Functioning,21 family functioning, within the context of illness, is 
conceptualized as the degree to which family members embrace family practices and procedures, fulfil roles, commu-
nicate, cope with stressors, and engage with one another.22 A meta-analysis showed that a significant positive association 
was observed between family dysfunction and depression.23 Family dysfunction may increase the incidence of depres-
sion when it is severely dysfunctional.24,25 Parental rejection increases the risk of psychological distress in first-year 
university students.26 Moreover, family stress can lead to depression among university students, affecting academic 
performance and learning outcomes.27

However, the interaction between genetics and the environment, known as the gene-environment interaction (G-by-E 
effect), also contributes to the complexity of the etiology of depression.28 Potential genetic and environmental risk factors 
and interactions between them may drive abnormal epigenetic mechanisms targeting stress response pathways, neuronal 
plasticity, and other behaviorally relevant pathways associated with depression.29 A systematic review suggests that 
epigenetic changes constitute a key mechanism by which stress-related exposures interact with the genome, leading to 
stable changes in DNA structure and gene expression.30 Vulnerability stress theory suggests that genetic liability depends 
on the severity and frequency of stressors.31 Several studies have also revealed this mechanism. For example, the 
interaction of genes (5-HTTLPR, BDNF val66met) with the quality of the home environment was found to predict 
depression.32 The interaction of CRHR1 and the home environment may affect depression in a sex-specific manner.33 

TaqlA polymorphisms interacting with negative parenting styles predicted concurrent depressive symptoms in 
childhood.34 Therefore, there is a need for a more in-depth investigation on the interactions between the two and their 
potential impact on the risk of MDD, especially in young adult population.

This study aimed to examine the interaction of family functioning and PCDH9 rs9540720 polymorphism among first- 
year university students. This study tested the following three hypotheses: (1) the PCDH9 rs9540720 polymorphism is 
associated with MDD among university first-year university students; (2) unhealthy family functioning may increase the 
risk of MDD among first-year university students; and (3) the PCDH9 rs9540720 polymorphism may interact with 
family functioning to increase the risk of MDD.

Methods
Participants
All first-year university students enrolled at Jining Medical University and Weifang Medical University in Jining, Rizhao, 
and Weifang, Shandong Province, China, were invited for this study in 2018 and followed one year later.
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Between April and October 2018, all first graders were included in the study using whole cohort sampling, and 8079 
students provided baseline data. An assisted survey system for data collection with logic checking and voice prompts was 
installed on 365 computers in the libraries of the three campuses. Six trained investigators were assigned to assist in 
answering participants’ questions. In this analysis, 437 participants with lifetime MDD at baseline were excluded. The 
remaining 7642 participants were followed for one year. Among them, 6985 participants provided follow-up data, and 
4866 participants provided blood samples.

This study complied with the Declaration of Helsinki. All participants signed a written informed consent form before 
the start of the study, and the study protected the privacy of all participants, and all data were managed confidentially.35 

The study was reviewed and approved by the Health Committee of Jining Medical University (2019-JS-004).

Measurements
MDD was measured using the Chinese adapted version of the comprehensive international diagnostic interview-3.0 
(CIDI-3.0) and completed by trained interviewers.36,37 The Chinese adaptation of the CIDI-3.0 has been validated in 
a community-based Chinese population, and it has specificity, sensitivity, and test-retest reliability of 89.0%, 71.1%, and 
0.74 for major depressive disorder, respectively.36

Family functioning was assessed by the Family Assessment Device (FAD) in seven domains: Problem Solving (PS), 
Communication (CM), Roles (RL), Affective Responsiveness (AR), Affective Involvement (AI), and Behavior Control 
(BC), as well as General Functioning (GF).38 The Chinese version of the FAD was used in the present study, which has 
good reliability and validity.39 FAD is a self-reported scale comprising 60 questions, and scores range from 1 to 4 to 
indicate an increase in the degree of disagreement. Higher scores indicate poorer family functioning. Cronbach’s α, 
which reflects internal consistency, was 0.915.

Other Measures
The Beck Depression Inventory was used to assess baseline levels of depression. The self-rating scale, which measures 
the severity of depression in the past two weeks, is divided into 21 items on a 4-point Likert scale.40 The higher the score 
indicates more severe depression. The Chinese version of The Beck Depression Inventory was used in this study. In 
a study of China Medical University students, the scale’s Cronbach’s α is 0.912.41

The baseline severity of anxiety of the participants in the past week was assessed using the Beck Anxiety Inventory. 
The scale was a 4-point Likert scale consisting of 21 items. The Chinese version of BAI was used in this study. The 
Cronbach’s α for the Chinese version of the BAI was 0.950.42 The scale’s Cronbach’s α was calculated to be 0.931 in this 
study.

Adolescent Self-rating Life Events Check List (ASLEC) was used to assess the subject’s exposure to adverse life 
events in the last 12 months and consisted of 26 items. The Chinese version of ASLEC was used in this study. Each life 
event was evaluated on a 5-point Likert scale.43 The calculations show that Cronbach’s α is 0.810 for this scale.

A self-reported, self-administered version of the Chinese questionnaire was used to understand the status of Lifetime 
Severe Traumatic Events. The questionnaire consists of 23 questions, each corresponding to two answers of “Yes” or 
“No”. A complete list of the questions can be found in Appendix Table 1.

DNA Extraction and Genotyping
With informed consent, 5 mL blood samples were collected from the participants. Genomic DNA was isolated from 
blood samples using the QIAamp96DNA QIAcube HT Kit and stored at −80°C. Sequenom Mass Array time-of-flight 
mass spectrometry biochip technology detected the genotype of each SNP site,44 and the detection company issued 
a detailed detection report.

Statistical Analysis
All statistical analyses were performed using R (version 4.3.0).45 The genetic balance test was performed using the 
Hardy-Weinberg equilibrium test (HWE) in the R package “Hardy Weinberg”.46,47 The R packages “ggplot2” and 
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“forestploter” were used for the mapping. The R package ‘pwr’ was used for efficacy analyses to ensure that the sample 
size was sufficient to support the interaction of interest.48

Statistical analyses were performed by grouping the study participants according to whether they had a new onset of 
major depressive disorder or not. Descriptive statistics were employed to examine the distribution of demographic 
characteristics and outcome variables across groups. Descriptive analyses were conducted using chi-square tests and 
Mann–Whitney U-test. Logistic regression was used to analyze the association of a genetic polymorphism (PCDH9 
rs9540720) and different dimensions of family functioning with MDD in first-year university students. Using the GA 
genotype, which has the highest proportion of distribution in the population, as a reference group,49 the study further 
analyzed the multiplicative interactions between the PCDH9 rs9540720 polymorphism and different dimensions of 
family functioning. In addition, the probability of MDD occurrence in PCDH9 rs9540720 carriers of different genotypes 
under changes in family functioning (general functioning) was visualized.

Covariates included continuous variables: age, Beck anxiety score, Beck depression score; and categorical variables: 
only child, city, adolescent self-rating life events and lifetime severe traumatic events.

Results
Of the 6985 respondents who completed the one-year follow-up, 4866 (69.76%) provided a blood sample and completed 
genotyping. Of these, a total of 115 respondents 2.36% (95% CI:1.96%-2.83%) had new onset MDD. Table 1 shows the 

Table 1 Comparison of Baseline Demographic Characteristics and Family Functioning of 4866 First-Year 
University Students With and Without New-Onset Major Depressive Disorder

Variables Total Non-MDD New-onset MDD χ2/U P

N=4866(%) N1=4751(%) N2=115(%)

Age(M±SD) 18.39 (0.84) 18.39 (0.84) 18.30 (0.89) −1.213a 0.225

Beck anxiety score(M±SD) 25.14 (6.27) 25.08 (6.23) 27.74 (7.09) −5.946a <0.001

Beck depression score(M±SD) 3.11 (5.27) 3.01 (5.08) 7.17 (9.63) −6.665a <0.001
Number of Adolescent Self-rating Life Events 6.68 (4.14) 6.63 (4.12) 8.75 (4.43) −5.255a <0.001

Number of Lifetime Severe Traumatic Events 1.22 (1.26) 1.20 (1.24) 1.87 (1.83) −3.740a <0.001

One Child
No 3020 (62.1) 2948 (62.1) 72 (62.6) 0.015 0.903

Yes 1846 (37.9) 1803 (37.9) 43 (37.4)
City

Jining 2179 (44.8) 2135 (44.9) 44 (38.3) 9.289 0.010

Weifang 2041 (41.9) 1978 (41.6) 63 (54.8)
Rizhao 646 (13.3) 638 (13.4) 8 (7.0)

Rs9540720 genotypes

GA 2341 (48.1) 2280 (48.0) 61 (53.0) 4.693 0.096
GG 1695 (34.8) 1652 (34.8) 43 (37.4)

AA 830 (17.1) 819 (17.2) 11 (9.6)

Sex
Male 1888 (38.8) 1848 (38.9) 40 (34.8) 0.800 0.371

Female 2978 (61.2) 2903 (61.1) 75 (65.2)

Family functioning(M±SD)
Problem Solving 2.14 (0.42) 2.14 (0.42) 2.19 (0.40) −1.897a 0.058

Communication 2.11 (0.39) 2.11 (0.39) 2.24 (0.38) −3.230a 0.001

Roles 2.17 (0.28) 2.17 (0.28) 2.24 (0.29) −2.633a 0.008
Affective Responsiveness 2.2 (0.44) 2.19 (0.44) 2.38 (0.41) −4.139a <0.001

Affective Involvement 2.04 (0.41) 2.04 (0.41) 2.13 (0.42) −2.302a 0.021

Behavior Control 2.29 (0.27) 2.29 (0.27) 2.32 (0.27) −1.784a 0.074
General Functioning 2.06 (0.34) 2.06 (0.34) 2.12 (0.38) −1.817a 0.069

Notes: amann–Whitney U-test.
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differences between baseline demographic characteristics and family functioning among respondents with and without 
new-onset major depressive disorder in the group of students who obtained genetic samples (n=4866). Results showed 
that the PCDH9 rs9540720 genotype difference was not significant (P>0.05). Among the seven dimensions of family 
functioning, there were significant differences (P<0.05) in communication, roles, affective responsiveness, and affective 
involvement, whereas there were no significant differences (P>0.05) in problem solving, behavior control, and general 
functioning. Through comparative analysis of basic demographic characteristics and family functions between genetic 
samples and non-genetic samples, the study found that there was no significant difference in the prevalence of major 
depression and family functions between the two groups (see Appendix Table 2).

Table 2 shows the observed and expected distribution of PCDH9 rs9540720 genotypes in the population providing 
genetic samples. The Hardy-Weinberg test showed that the sample (χ2=0.200, P=0.905) was genetically balanced.

Table 3 shows the effect of PCDH9 rs9540720 genotype and family functioning on MDD among first-year university 
students. The AA genotype of PCDH9 rs9540720 was a protective factor for MDD in first-year university students 
(OR=0.50, 95% CI:0.25–0.92) without covariate adjustment. As for the seven dimensions of family functioning, 
communication (OR=2.47, 95% CI:1.49–4.14), roles (OR=2.78, 95% CI:1.41–5.54), affective responsiveness 
(OR=2.71, 95% CI:1.75–4.21), affective involvement (OR=1.70, 95% CI:1.10–2.59), and general functioning 
(OR=1.79, 95% CI:1.03–3.14) were risk factors for MDD in first-year university students. After adjusting for the 
inclusion of covariates, AA genotype of PCDH9 rs9540720 was a protective factor for MDD in first-year university 
students (OR=0.47, 95% CI:0.23–0.88). In contrast, only one dimension of family functioning, affective responsiveness 
(OR=1.77, 95% CI:1.13–2.78), was a risk factor for MDD in first-year university students.

Before conducting the interaction analysis, this study analyzed the correlation between family functioning and 
PCDH9 rs9540720 gene polymorphisms using linear regression models, and the results showed that there was no 
significant correlation between the dimensions of family functioning and the polymorphisms of the PCDH9 rs9540720 
gene (P>0.05) (see Appendix Table 3).In Table 4, the interaction between AA genotype of PCDH9 rs9540720 and 
general functioning in family functioning significantly increased the risk of MDD prevalence among first-year university 

Table 2 Hardy-Weinberg Balance Test for PCDH9 rs9540720

Rs9540720 genotypes Observations (%) Expectations (%) χ2 P

GA 2341(48.11) 2356(48.42) 0.200 0.905
GG 1695(34.83) 1687(34.68)

AA 830(17.06) 822(16.90)

Table 3 Association of PCDH9 rs9540720 Genotypes and Family Functioning on Major 
Depressive Disorder in First year University Students

Variables Crude OR (95% CI) P Adjusted* OR (95% CI) P

Rs9540720 genotypes

GA Ref Ref

GG 0.97 (0.65, 1.44) 0.892 0.99 (0.66, 1.47) 0.961
AA 0.50 (0.25, 0.92) 0.037 0.47 (0.23, 0.88) 0.025

Family functioning

Problem Solving 1.31 (0.85, 1.98) 0.215 1.08 (0.68, 1.71) 0.746
Communication 2.47 (1.49, 4.14) 0.001 1.40 (0.83, 2.38) 0.212

Roles 2.78 (1.41, 5.54) 0.003 1.40 (0.69, 2.88) 0.351

Affective Responsiveness 2.71 (1.75, 4.21) <0.001 1.77 (1.13, 2.78) 0.013
Affective Involvement 1.70 (1.10, 2.59) 0.016 1.21 (0.76, 1.93) 0.414

Behavior Control 1.56 (0.78, 3.11) 0.210 0.85 (0.43, 1.71) 0.639

General Functioning 1.79 (1.03, 3.14) 0.040 1.13 (0.63, 2.04) 0.673

Notes: *Adjusted by sex, age, city, beck anxiety score, beck depression score, number of adolescent self-rating life 
events, number of lifetime severe traumatic events.
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students (OR=9.57,95% CI:1.57–54.94) without covariate adjustment. After adjustment for covariates, the interaction of 
AA genotype and general functioning in PCDH9 rs9540720 remained a risk factor for MDD in first-year university 
students (OR=6.83, 95% CI: 1.16–39.27).

Following the interaction analyses, this study conducted power analyses based on the results of the interactions to test 
whether the sample size of this study was sufficient to support the statistical analyses. Visualization of the results of the 
power analyses showed that when the sample size reaches 1634, the power is infinitely close to 1 (see Appendix 
Figure 1). The final sample size of this study is 4866, which is much more than 1634, and therefore the sample size is 
sufficient to support the interaction of interest. Figure 1 shows a forest plot of the multifactorial logistic regression 
results. Figure 2 shows the effect of the interaction between family functioning and PCDH9 rs9540720 genotype on 
MDD risk.

Discussion
The findings of this study indicated that among Chinese first-year university students, dysfunctional family functioning 
significantly increased the risk of MDD. Additionally, there was a significant interaction between the PCDH9 rs9540720 
polymorphism and family functioning in relation to the risk of MDD in this population. Specifically, carriers of the AA 
genotype of PCDH9 rs9540720 with poor family functioning had a higher risk of developing MDD.

Family dysfunction was further demonstrated to be a risk factor for the development of MDD in this study, including 
poor communication and parental conflict.50 Children who are exposed to unhealthy home environments such as parental 
psychopathology and family relationship problems (eg, limited communication) are more likely to experience childhood 
adversity.51 Whereas childhood adversity has been linked to an elevated risk of depression and suicide attempts in 
university students.52 Family psychosocial functioning plays an important role in maintaining adolescent mood.53 Good 
family functioning is an important external resource for adolescent development and can promote the development of 

Table 4 Interaction Between PCDH9 Rs9540720 Genotypes and Family Functioning on Major Depressive 
Disorder in First year University Students

Rs9540720 genotypes × Family functioning Crude OR (95% CI) P Adjusted* OR (95% CI) P

GA×Problem Solving Ref Ref

GG×Problem Solving 1.55 (0.62, 3.78) 0.341 1.85 (0.70, 4.83) 0.211

AA×Problem Solving 3.80 (0.81, 15.46) 0.074 4.60 (0.86, 22.17) 0.066
GA×Communication Ref Ref

GG×Communication 2.09 (0.70, 6.30) 0.190 1.83 (0.64, 5.29) 0.263

AA×Communication 7.03 (1.21, 40.57) 0.029 5.35 (0.97, 30.43) 0.055
GA×Roles Ref Ref

GG×Roles 0.83 (0.19, 3.67) 0.807 0.82 (0.19, 3.55) 0.785
AA×Roles 5.76 (0.63, 48.70) 0.110 3.95 (0.43, 34.79) 0.222

GA×Affective Responsiveness Ref Ref

GG×Affective Responsiveness 1.47 (0.57, 3.82) 0.426 1.34 (0.53, 3.43) 0.543
AA×Affective Responsiveness 2.45 (0.51, 11.66) 0.262 1.92 (0.42, 9.25) 0.411

GA×Affective Involvement Ref Ref

GG×Affective Involvement 0.72 (0.29, 1.83) 0.491 0.66 (0.25, 1.77) 0.412
AA×Affective Involvement 0.59 (0.13, 2.48) 0.490 0.43 (0.09, 1.99) 0.286

GA×Behavior Control Ref Ref

GG×Behavior Control 1.66 (0.37, 7.47) 0.507 1.46 (0.33, 6.49) 0.619
AA×Behavior Control 5.61 (0.54, 56.36) 0.147 3.40 (0.34, 35.50) 0.305

GA×General Functioning Ref Ref

GG×General Functioning 1.43 (0.44, 4.75) 0.554 1.37 (0.42, 4.55) 0.603
AA×General Functioning 9.57 (1.57, 54.94) 0.012 6.83 (1.16, 39.27) 0.031

Notes: *Adjusted by sex, age, city, beck anxiety score, beck depression score, number of adolescent self-rating life events, number of lifetime 
severe traumatic events. 
Abbreviations: GA: PCDH9 rs9540720 GA genotype; GG: PCDH9 rs9540720 GG genotype; AA: PCDH9 rs9540720 AA genotype.
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Figure 1 Association of interaction between Family functioning and PCDH9 rs9540720 genotypes on major depressive disorder.

Figure 2 Risk of major depressive disorder in different PCDH9 rs9540720 genotypes with different scores on General Functioning.

Psychology Research and Behavior Management 2025:18                                                                    https://doi.org/10.2147/PRBM.S501273                                                                                                                                                                                                                                                                                                                                                                                                    521

Qin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



internal resources (eg, resilience) that enable individuals to recover and adapt to life in the face of adversity, stress, and 
other negative pressures.54,55 Family dimensions (eg, communication, etc.) strongly predict children’s and adolescents’ 
well-being.56 Systematic family therapy can reduce the psychological stress of university students, decrease the level of 
depression, and improve their social adaptability.57 In summary, a focus on family functioning for university freshmen is 
warranted.

The AA genotype of PCDH9 rs9540720 was found to be a protective genotype for the development of MDD in this 
study, which is consistent with the G+ genotype shown by GWAS to be a risk factor for the development of MDD.20 

Previous studies have identified important roles in the development of PCDH neurons, particularly in the hippocampus 
and dentate gyrus.58 Another study revealed a regional dependence of PCDH expression in other brain regions including 
the basal ganglia.18 And the onset and development of MDD is closely related to the hippocampus and basal ganglia.59,60 

This shows that there is a strong link between PCDH and the development of MDD.PCDH9 mRNA has been reported to 
be expressed in subregions of the olfactory bulb, cerebral cortex, hippocampus, and caudate shell nucleus.61 Furthermore, 
the PCDH9 gene has a putative role in specific neuronal linkages and signal transduction62 and may be involved in the 
formation of specific neural circuits during neurodevelopment.63 Although PCDH9 is restrictedly expressed in the 
amygdala, it still provides a potential adhesion cue code for understanding the functional organization of the 
amygdala.64 In addition, the amygdala is associated with many neuropsychiatric disorders such as depression and 
sleep deprivation,65 and changes in the amygdala can be used as a biomarker for major depression.66 Despite the lack 
of direct evidence, the above-mentioned studies suggest that the PCDH9 rs9540720 polymorphism is associated with the 
pathogenesis of depression.

The effect of the interaction of PCDH9 rs9540720 with family functioning on MDD found in the present study is 
similar to the prediction of depression by the interaction of genes such as 5-HTTLPR and DRD2 TaqIA with parenting 
styles in previous studies,34,67 which further suggests that there is a significant genetic correlation between the family 
environment and depressive symptoms.68 Underlying genetic and environmental risk factors and the interactions between 
the two may align with aberrant epigenetic mechanisms targeting stress-response pathways, neuronal plasticity, and other 
behaviorally relevant pathways associated with major depressive disorder.29 The synaptic complex DPP6-DPP10- 
PCDH9 has been identified as a susceptibility profile for autism disorder (ASD),69 suggesting that expression of 
PCDH9 may influence the emergence of autism symptoms, including features such as social deficits and communication 
disorders.70 Notably, communication, a core aspect of family functioning, is pivotal in upholding family stability.71 

Animal studies have shown that PCDH9-deficient mice demonstrate distinct long-term social and object recognition 
deficits, coupled with diminished positive emotional behaviors.16,72 There is evidence to suggest that mental illnesses and 
early-life experiences can modulate the expression of the PCDH gene in the brain via epigenetic alterations.73 This 
implies that PCDH9 may influence early social and affective responses, thereby impacting family functioning (eg, 
communication and affective responsiveness). Conversely, suboptimal family functioning in early life may also alter 
PCHD9 gene expression.

Cultural differences clearly affect different aspects of mental health, including perceptions of health and illness, 
coping styles, and family, with communication and cultural competence also being important considerations for mental 
health practitioners.74 A Meta-analysis found that the impact of family on individuals varies by culture, with children 
from East Asian cultures being more likely to experience psychological problems such as anxiety when exposed to 
negative family interactions, relative to children from European-acquired American cultures.75 The selection of the 
population for this study was specific and homogenous, and the cultural specificity of the sample could affect the 
generalizability of the findings. Enriching the selection of the population and considering the impact of cross-cultural 
influences is necessary in future studies. In addition, a one-year follow-up may not be able to capture the long-term 
effects of family functioning and genetic factors on MDD, and longer follow-up studies are necessary to plan. 
Nevertheless, this study still confirms the existence of significant effects of PCDH9 rs9540720 polymorphism and 
family functioning on major depressive disorder in Chinese freshmen students, respectively, and further elucidates the 
interaction between genetics and the environment (PCDH9 rs9540720×family functioning) on major depression, which 
provides important information for the study the intricate pathogenesis of depression, providing important information.
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This study possesses certain limitations. Firstly, it is a one-year cohort study, and the data collection depended on self- 
reports from the respondents. This approach may introduce recall bias and loss of subjects to follow-up. Future studies 
should use objective ratings to effectively reduce this self-report bias. Second, there are differences in the worldwide 
distribution of the PCDH9 rs9540720 genotype,49 and the sample consisted only of Chinese first-year university students, 
which is not representative of the broader population, thus limiting the generalizability of the study. The influence of 
family on an individual varies by culture, and the differences brought about by different cultures deserve to be considered 
in future studies. In addition, it is necessary to explore all the socio-economic factors that may lead to risk and control 
them in subsequent studies.

Conclusion
This study identifies a novel factor influencing the incidence of MDD in Chinese first-year university students: the 
interaction between PCDH9 rs9540720 polymorphism and family functioning. This study suggests that the PCDH9 
rs9540720 gene polymorphism may affect the performance of family functioning by influencing early affective responses 
in carriers; and poor family functioning as a stressor also promotes new-onset depression in university students carrying 
the susceptibility gene. In addition, different cultural backgrounds limited extrapolation of this study, and it would be 
worthwhile to include consideration of culture-specific effects in future studies. Finally, for university students during 
sensitive periods of mental health, regular assessment of family functioning and screening for susceptibility genotypes 
may improve the efficiency of university mental health departments and counsellors in mitigating the onset of depression 
and reduce the likelihood of depression. Higher education institutions in China should priorities the understanding of 
family functioning of new students and provide targeted counselling to provide mental health services to improve family 
relationships and mental health of university students.

Ethics Statement
This study complied with the Declaration of Helsinki. This study was approved by the Research Ethics Committee in 
Jining Medical University, Jining, China (No:2019-JS-004). All participants voluntarily submitted written informed 
consent before participating in the study. All data were handled in a confidential manner.

Informed Consent
Informed consent was obtained from all individual participants included in the study.

Acknowledgments
We would like to thank all fieldworkers and participants of this study.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This study was funded by the Taishan Scholars Program of Shandong Province (tsqn201909145), High-level Scientific 
Research Project Cultivation Program of Jining Medical University (JYGC2022KJ008), Key Research Planning Project 
of Jining City (2023YXNS102, 2023YXNS213), National Natural Science Foundation (81901391), and Natural Science 
Foundation of Shandong Province (ZR2019MH095). The National Human Genetic Resources Sharing Service Platform 
(2005DKA21300) provides technical support and DNA storage services. All funders had no role in the design and 
conduction of this study.

Psychology Research and Behavior Management 2025:18                                                                    https://doi.org/10.2147/PRBM.S501273                                                                                                                                                                                                                                                                                                                                                                                                    523

Qin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Disclosure
The authors report no conflicts of interest in this work.

References
1. Li W, Zhao Z, Chen D. et al. Prevalence and associated factors of depression and anxiety symptoms among college students: a systematic review 

and meta-analysis. J Child Psychol Psychiatr. 2022;63(11):1222–1230. doi:10.1111/jcpp.13606
2. Shorey S, Ng ED, Wong CHJ. Global prevalence of depression and elevated depressive symptoms among adolescents: a systematic review and 

meta-analysis. Br J Clin Psychol. 2022;61(2):287–305. doi:10.1111/bjc.12333
3. Gao L, Xie Y, Jia C, et al. Prevalence of depression among Chinese university students: a systematic review and meta-analysis. Sci Rep. 2020;10 

(1):15897. doi:10.1038/s41598-020-72998-1
4. Song Y, Liu Z, Chen H, et al. Incidence and risk factors of depressive symptoms in Chinese college students. Neuropsychiatr Dis Treat. 

2020;16:2449–2457. doi:10.2147/NDT.S264775
5. Thapar A, Eyre O, Patel V, et al. Depression in young people. Lancet. 2022;400(10352):617–631. doi:10.1016/S0140-6736(22)01012-1
6. Tabor E, Patalay P, Bann D. Mental health in higher education students and non-students: evidence from a nationally representative panel study. Soc 

Psychiatry Psychiatr Epidemiol. 2021;56(5):879–882. doi:10.1007/s00127-021-02032-w
7. Zhou SC, Luo D, Wang XQ, et al. Suicidal ideation in college students having major depressive disorder: role of childhood trauma, personality and 

dysfunctional attitudes. J Affect Disord. 2022;311:311–318. doi:10.1016/j.jad.2022.05.085
8. Paus T, Keshavan M, Giedd JN. Why do many psychiatric disorders emerge during adolescence? Nat Rev Neurosci. 2008;9(12):947–957. 

doi:10.1038/nrn2513
9. Ran MS, Mendez AJ, Leng LL, et al. Predictors of mental health among college students in Guam: implications for counseling. J Couns Dev. 

2016;94(3):344–355. doi:10.1002/jcad.12091
10. Scanlon L, Louise R, Zita W. ‘You don’t have like an identity … you are just lost in a crowd’: forming a student identity in the first-year transition 

to university. J Youth Stud. 2007;10(2):223–241. doi:10.1080/13676260600983684
11. Zhang X, Qiao Y, Wang M, et al. The influence of genetic and acquired factors on the vulnerability to develop depression: a review. Biosci Rep. 

2023;43(5):BSR20222644. doi:10.1042/BSR20222644
12. Ing-Esteves S, Kostadinov D, Marocha J, et al. Combinatorial effects of alpha- and gamma-protocadherins on neuronal survival and dendritic 

self-avoidance. J Neurosci. 2018;38(11):2713–2729. doi:10.1523/JNEUROSCI.3035-17.2018
13. Kim S-Y, Yasuda S, Tanaka H, et al. Non-clustered protocadherin. Cell Adhes Migr. 2011;5(2):97–105. doi:10.4161/cam.5.2.14374
14. Grove J, Ripke S, Als TD, et al. Identification of common genetic risk variants for autism spectrum disorder. Nat Genet. 2019;51(3):431–444. 

doi:10.1038/s41588-019-0344-8
15. Howard DM, Adams MJ, Clarke TK, et al. Genome-wide meta-analysis of depression identifies 102 independent variants and highlights the 

importance of the prefrontal brain regions. Nat Neurosci. 2019;22(3):343–352. doi:10.1038/s41593-018-0326-7
16. Uemura M, Furuse T, Yamada I, et al. Deficiency of protocadherin 9 leads to reduction in positive emotional behaviour. Sci Rep. 2022;12(1):11933. 

doi:10.1038/s41598-022-16106-5
17. Chang H, Hoshina N, Zhang C, et al. The protocadherin 17 gene affects cognition, personality, amygdala structure and function, synapse 

development and risk of major mood disorders. mol Psychiatry. 2018;23(2):400–412. doi:10.1038/mp.2016.231
18. Hoshina N, Tanimura A, Yamasaki M, et al. Protocadherin 17 regulates pres ynaptic assembly in topographic corticobasal Ganglia circuits. Neuron. 

2013;78(5):839–854. doi:10.1016/j.neuron.2013.03.031
19. Xiao X, Zheng F, Chang H, et al. The gene encoding protocadherin 9 (PCDH9), a novel risk factor for major depressive disorder. 

Neuropsychopharmacology. 2018;43(5):1128–1137. doi:10.1038/npp.2017.241
20. Hyde CL, Nagle MW, Tian C, et al. Identification of 15 genetic loci associated with risk of major depression in individuals of European descent. 

Nat Genet. 2016;48(9):1031–1036. doi:10.1038/ng.3623
21. Epstein NB, Bishop DS, Levin S. The McMaster model of family functioning. J Marital Fam Ther. 1978;4(4):19–31. doi:10.1111/j.1752- 

0606.1978.tb00537.x
22. Zhang Y. Family functioning in the context of an adult family member with illness: a concept analysis. J Clin Nurs. 2018;27(15–16):3205–3224. 

doi:10.1111/jocn.14500
23. Guerrero-Muñoz D, Salazar D, Constain V, et al. Association between family functionality and depression: a systematic review and meta-analysis. 

Korean J Fam Med. 2021;42(2):172–180. doi:10.4082/kjfm.19.0166
24. Caravaca-Sánchez F, Aizpurua E, Stephenson A. Substance use, family functionality, and mental health among college students in Spain. Soc Work 

Public Health. 2021;36(2):221–231. doi:10.1080/19371918.2020.1869134
25. Liu L, Chen J, Liang S, et al. Impact of family functioning on mental health problems of college students in China during COVID-19 pandemic and 

moderating role of coping style: a longitudinal study. BMC Psychiatry. 2023;23(1):244. doi:10.1186/s12888-023-04717-9
26. Ding G, Xu L, Sun L. Association between parental parenting style disparities and mental health: an evidence from Chinese Medical college 

students. Front Public Health. 2022;10:841140. doi:10.3389/fpubh.2022.841140
27. Deng Y, Cherian J, Khan NUN, et al. Family and academic stress and their impact on students’ depression level and academic performance. Front 

Psychiatry. 2022;13:869337. doi:10.3389/fpsyt.2022.869337
28. Zajkowska Z, Walsh A, Zonca V, et al. A systematic review of the association between biological markers and environmental stress risk factors for 

adolescent depression. J Psychiatr Res. 2021;138:163–175. doi:10.1016/j.jpsychires.2021.04.003
29. Penner-Goeke S, Binder EB. Epige netics and depression. Dialogues Clin Neurosci. 2019;21(4):397–405. doi:10.31887/DCNS.2019.21.4/ebinder
30. Park C, Rosenblat JD, Brietzke E, et al. Stress, epigenetics and depression: a systematic review. Neurosci Biobehav Rev. 2019;102:139–152. 

doi:10.1016/j.neubiorev.2019.04.010
31. Walker EF, Diforio D. Schizophrenia: a neural diathesis-stress model. Psychol Rev. 1997;104(4):667–685. doi:10.1037/0033-295x.104.4.667
32. Dalton ED, Hammen CL, Najman JM, et al. Genetic susceptibility to family environment: BDNF val66met and 5-HTTLPR influence depressive 

symptoms. J Fam Psychol. 2014;43(28):947–956. doi:10.1037/fam0000032

https://doi.org/10.2147/PRBM.S501273                                                                                                                                                                                                                                                                                                                                                                                                                          Psychology Research and Behavior Management 2025:18 524

Qin et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1111/jcpp.13606
https://doi.org/10.1111/bjc.12333
https://doi.org/10.1038/s41598-020-72998-1
https://doi.org/10.2147/NDT.S264775
https://doi.org/10.1016/S0140-6736(22)01012-1
https://doi.org/10.1007/s00127-021-02032-w
https://doi.org/10.1016/j.jad.2022.05.085
https://doi.org/10.1038/nrn2513
https://doi.org/10.1002/jcad.12091
https://doi.org/10.1080/13676260600983684
https://doi.org/10.1042/BSR20222644
https://doi.org/10.1523/JNEUROSCI.3035-17.2018
https://doi.org/10.4161/cam.5.2.14374
https://doi.org/10.1038/s41588-019-0344-8
https://doi.org/10.1038/s41593-018-0326-7
https://doi.org/10.1038/s41598-022-16106-5
https://doi.org/10.1038/mp.2016.231
https://doi.org/10.1016/j.neuron.2013.03.031
https://doi.org/10.1038/npp.2017.241
https://doi.org/10.1038/ng.3623
https://doi.org/10.1111/j.1752-0606.1978.tb00537.x
https://doi.org/10.1111/j.1752-0606.1978.tb00537.x
https://doi.org/10.1111/jocn.14500
https://doi.org/10.4082/kjfm.19.0166
https://doi.org/10.1080/19371918.2020.1869134
https://doi.org/10.1186/s12888-023-04717-9
https://doi.org/10.3389/fpubh.2022.841140
https://doi.org/10.3389/fpsyt.2022.869337
https://doi.org/10.1016/j.jpsychires.2021.04.003
https://doi.org/10.31887/DCNS.2019.21.4/ebinder
https://doi.org/10.1016/j.neubiorev.2019.04.010
https://doi.org/10.1037/0033-295x.104.4.667
https://doi.org/10.1037/fam0000032


33. Roy A, Laas K, Kurrikoff T, et al. Family environment interacts with CRHR1 rs17689918 to predict mental health and behavioral outcomes. Prog. 
Neuropsychopharmacol Biol Psychiatry. 2018;86:45–51. doi:10.1016/j.pnpbp.2018.05.004

34. Zhang W, Cao Y, Wang M, et al. The Dopamine D2 Receptor Polymorphism (DRD2TaqIA) interacts with maternal parenting in predicting early 
adolescent depressive symptoms: evidence of differential susceptibility and age differences. J Youth Adolesc. 2015;44(7):1428–1440. doi:10.1007/ 
s10964-015-0297-x

35. Liu Y, Li B, Hao F, et al. Associations between borderline personality disorder features and the risk of first onset major depressive disorder: findings 
from a 2-year longitudinal study in a sample of first-year university students in China. J Affect Disord. 2021;295:5–10. doi:10.1016/j. 
jad.2021.08.008

36. Huang Y, Xie S, Lu J, et al. Community-based evaluation of the reliability and validity of Chinese version of Composite International Diagnostic 
Interview-3.0. Chin Ment Health J. 2010;24:21–24,28.

37. Kessler RC, Üstün TB. The World Mental Health (WMH) Survey Initiative version of the World Health Organization (WHO) Composite 
International Diagnostic Interview (CIDI). Int J Methods Psychiatr Res. 2004;13(2):93–121. doi:10.1002/mpr.168

38. Epstein NB, Baldwin LM, Bishop DS. The McMaster family assessment device. J Marital Fam Ther. 1983;9:171–180. doi:10.1111/j.1752- 
0606.1983.tb01497.x

39. Li R, Xu F, Ji L, et al. Revision of Family Assessment Device (FAD). Chin J Health Psychol. 2013;21:996–1000. doi:10.13342/j.cnki. 
cjhp.2013.07.003

40. Beck AT. An Inventory for Measuring Depression. Arch Gen Psychiatry. 1961;4(6):561. doi:10.1001/archpsyc.1961.01710120031004
41. Wang J, Cao W, Guan Z, et al. Reliability and validity evaluation and application of the Beck Depression Inventory among medical students. Chin 

J Health Stat. 2018;35:253–255.
42. Sammy CK, Wong C, Wong K, et al. A study of psychometric properties, normative scores and factor structure of Beck Anxiety Inventory Chinese 

version. Chin J Clin Psychol. 2002;10:4–6. doi:10.16128/j.cnki.1005-3611.2002.01.002
43. Liu X, Liu L, Yang J, et al. Adolescent life events scale development and reliability and validity testing. J Psychiatry. 1997; 10:15–19.
44. Johansen P, Andersen JD, Børsting C, et al. Evaluation of the iPLEX® Sample ID plus panel designed for the sequenom MassARRAY® system. 

A SNP typing assay developed for human identification and sample tracking based on the SNPforID panel. Forensic Sci Int Genet. 2013;7 
(5):482–487. doi:10.1016/j.fsigen.2013.04.009

45. R Core Team.R: A Language and Environment for Statistical Computing (4.3.0). R Foundation for Statistical Computing; 2023. https://www. 
R-project.org/.

46. Graffelman J. Exploring diallelic genetic markers: the hardyweinberg package. J Stat Softw. 2015;64(3):1–23. doi:10.18637/jss.v064.i03
47. Graffelman J, Camarena JM. Graphical tests for Hardy-Weinberg equilibrium based on the ternary plot. Hum Hered. 2007;65(2):77–84. 

doi:10.1159/000108939
48. Champely S, Ekstrom C, Dalgaard P, et al. pwr: basic functions for power analysis. 2017.
49. Ensembl. 2023. Variation population for rs9540720. Available from: http://www.ensembl.org/Homo_sapiens/Variation/Population?db=core;r= 

13:6634807366349073;v=rs9540720;vdb=variation;vf=49403344#373518_tablePanel. Accessed October 17, 2023.).
50. Tang X, Tang S, Ren Z, et al. Psychosocial risk factors associated with depressive symptoms among adolescents in secondary schools in mainland 

China: a systematic review and meta-analysis. J Affect Disord. 2020;263:155–165. doi:10.1016/j.jad.2019.11.118
51. Costello EJ, Erkanli A, Fairbank JA, et al. The prevalence of potentially traumatic events in childhood and adolescence. J Trauma Stress. 2002;15 

(2):99–112. doi:10.1023/A:1014851823163
52. He Y, Zhang Y, Cui X, et al. Epidemiology of major childhood adversities and its effect on depression and suicide attempts in Chinese college 

students. J Affect Disord. 2021;281:331–337. doi:10.1016/j.jad.2020.12.031
53. Huang Y. Family factors to predict adolescents’ emotional health by decision tree model: a comparison between normally developed group and 

chronic-condition group. Front Public Health. 2023;11:1087547. doi:10.3389/fpubh.2023.1087547
54. Zhao R, Peng J, Li JY, et al. Psychological resilience of Chinese college students: a cross-sectional study after the deblocking of China’s COVID-19 

pandemic strategy. Healthcare. 2023;11(17):2409. doi:10.3390/healthcare11172409
55. Zhang J, Duan X, Yan Y, et al. Family functioning and adolescent mental health: the mediating role of bullying victimization and resilience. Behav 

Sci (Basel). 2024;14(8):664. doi:10.3390/bs14080664
56. Izzo F, Baiocco R, Pistella J. Children’s and adolescents’ happiness and family functioning: a systematic literature review. Int J Environ Res Public 

Health. 2022;19:16593. doi:10.3390/ijerph192416593
57. Chen Q, Zhao W, Li Q, et al. The influence of family therapy on psychological stress and social adaptability of depressed patients. Work Read Mass. 

2021;69:613–624. doi:10.3233/WOR-213503
58. Kim SY, Mo JW, Han S, et al. The expression of non-clustered protocadherins in adult rat hippocampal formation and the connecting brain regions. 

Neuroscience. 2010;170(1):189–199. doi:10.1016/j.neuroscience.2010.05.027
59. Gunaydin LA, Kreitzer AC. Cortico-basal ganglia circuit function in psychiatric disease. Annu Rev Physiol. 2016;78(1):327–350. doi:10.1146/ 

annurev-physiol-021115-105355
60. Maller JJ, Broadhouse K, Rush AJ, et al. Increased hippocampal tail volume predicts depression status and remission to anti-depressant medications 

in major depression. Mol Psychiatry. 2018;23(8):1737–1744. doi:10.1038/mp.2017.224
61. Kim SY, Chung HS, Sun W, et al. Spatiotemporal expression pattern of non-clustered protocadherin family members in the developing rat brain. 

Neuroscience. 2007;147(4):996–1021. doi:10.1016/j.neuroscience.2007.03.052
62. Strehl S, Glatt K, Liu QM, et al. Characterization of Two Novel Protocadherins (PCDH8andPCDH9) localized on human chromosome 13 and 

mouse chromosome 14. Genomics. 1998;53(1):81–89. doi:10.1006/geno.1998.5467
63. Asahina H, Masuba A, Hirano S, et al. Distribution of protocadherin 9 protein in the developing mouse nervous system. Neuroscience. 

2012;225:88–104. doi:10.1016/j.neuroscience.2012.09.006
64. Hertel N, Redies C, Medina L. Cadherin expression delineates the divisions of the postnatal and adult mouse amygdala. J Comp Neurol. 2012;520 

(17):3982–4012. doi:10.1002/cne.23140
65. AbuHasan Q, Reddy V, Siddiqui W. Neuroanatomy Amygdala. In: StatPearls. Treasure Island (FL): StatPearls Publishing; 2023.
66. Cong E, Li Q, Chen H, et al. Association between the volume of subregions of the amygdala and major depression with suicidal thoughts and 

anxiety in a Chinese cohort. J Affect Disord. 2022;312:39–45. doi:10.1016/j.jad.2022.05.122

Psychology Research and Behavior Management 2025:18                                                                    https://doi.org/10.2147/PRBM.S501273                                                                                                                                                                                                                                                                                                                                                                                                    525

Qin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.pnpbp.2018.05.004
https://doi.org/10.1007/s10964-015-0297-x
https://doi.org/10.1007/s10964-015-0297-x
https://doi.org/10.1016/j.jad.2021.08.008
https://doi.org/10.1016/j.jad.2021.08.008
https://doi.org/10.1002/mpr.168
https://doi.org/10.1111/j.1752-0606.1983.tb01497.x
https://doi.org/10.1111/j.1752-0606.1983.tb01497.x
https://doi.org/10.13342/j.cnki.cjhp.2013.07.003
https://doi.org/10.13342/j.cnki.cjhp.2013.07.003
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.16128/j.cnki.1005-3611.2002.01.002
https://doi.org/10.1016/j.fsigen.2013.04.009
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.18637/jss.v064.i03
https://doi.org/10.1159/000108939
http://www.ensembl.org/Homo_sapiens/Variation/Population?db=core;r=13:6634807366349073;v=rs9540720;vdb=variation;vf=49403344#373518_tablePanel
http://www.ensembl.org/Homo_sapiens/Variation/Population?db=core;r=13:6634807366349073;v=rs9540720;vdb=variation;vf=49403344#373518_tablePanel
https://doi.org/10.1016/j.jad.2019.11.118
https://doi.org/10.1023/A:1014851823163
https://doi.org/10.1016/j.jad.2020.12.031
https://doi.org/10.3389/fpubh.2023.1087547
https://doi.org/10.3390/healthcare11172409
https://doi.org/10.3390/bs14080664
https://doi.org/10.3390/ijerph192416593
https://doi.org/10.3233/WOR-213503
https://doi.org/10.1016/j.neuroscience.2010.05.027
https://doi.org/10.1146/annurev-physiol-021115-105355
https://doi.org/10.1146/annurev-physiol-021115-105355
https://doi.org/10.1038/mp.2017.224
https://doi.org/10.1016/j.neuroscience.2007.03.052
https://doi.org/10.1006/geno.1998.5467
https://doi.org/10.1016/j.neuroscience.2012.09.006
https://doi.org/10.1002/cne.23140
https://doi.org/10.1016/j.jad.2022.05.122


67. Zareei F, Veidebaum T, Harro J. Family relationships and alcohol consumption: interaction with the serotonin transporter promoter polymorphism 
(5-HTTLPR). Neuropsychobiology. 2022;81(6):497–505. doi:10.1159/000526004

68. Wilkinson PO, Trzaskowski M, Haworth CMA, et al. The role of gene–environment correlations and interactions in middle childhood depressive 
symptoms. Dev Psychopathol. 2013;25(1):93–104. doi:10.1017/S0954579412000922

69. Marshall CR, Noor A, Vincent JB, et al. Structural Variation of Chromosomes in Autism Spectrum Disorder. Am J Hum Genet. 2008;82 
(2):477–488. doi:10.1016/j.ajhg.2007.12.009

70. Rosen NE, Lord C, Volkmar FR. The diagnosis of autism: from kanner to DSM-III to DSM-5 and beyond. J Autism Dev Disord. 2021;51 
(12):4253–4270. doi:10.1007/s10803-021-04904-1

71. Orm S, Haukeland YB, Vatne T, et al. Measuring family communication in pediatric nursing: psychometric properties of the Parent-Child 
Communication Scale - Child Report (PCCS-CR). J Pediatr Nurs. 2022;62:78–83. doi:10.1016/j.pedn.2021.10.022

72. Bruining H, Matsui A, Oguro-Ando A, et al. Genetic mapping in mice reveals the involvement of Pcdh9 in long-term social and object recognition 
and sensorimotor development. Biol Psychiatry. 2015;78(7):485–495. doi:10.1016/j.biopsych.2015.01.017

73. Hirayama T, Yagi T. Regulation of clustered protocadherin genes in individual neurons. Semin Cell Dev Biol. 2017;69:122–130. doi:10.1016/j. 
semcdb.2017.05.026

74. Gopalkrishnan N, Babacan H. Cultural diversity and mental health. Australas Psychiatry. 2015;23(6 Suppl):6–8. doi:10.1177/1039856215609769
75. Lei Y, Wang YY, Wan JM, et al. Association between negative parent-related family interactions and child social anxiety: a cross-cultural 

systematic review and meta-analysis. J Anxiety Disord. 2023;99:102771. doi:10.1016/j.janxdis.2023.102771

Psychology Research and Behavior Management                                                                         

Publish your work in this journal 
Psychology Research and Behavior Management is an international, peer-reviewed, open access journal focusing on the science of psychology and 
its application in behavior management to develop improved outcomes in the clinical, educational, sports and business arenas. Specific topics 
covered in the journal include: Neuroscience, memory and decision making; Behavior modification and management; Clinical applications; Business 
and sports performance management; Social and developmental studies; Animal studies. The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: https://www.dovepress.com/psychology-research-and-behavior-management-journal

Psychology Research and Behavior Management 2025:18 526

Qin et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1159/000526004
https://doi.org/10.1017/S0954579412000922
https://doi.org/10.1016/j.ajhg.2007.12.009
https://doi.org/10.1007/s10803-021-04904-1
https://doi.org/10.1016/j.pedn.2021.10.022
https://doi.org/10.1016/j.biopsych.2015.01.017
https://doi.org/10.1016/j.semcdb.2017.05.026
https://doi.org/10.1016/j.semcdb.2017.05.026
https://doi.org/10.1177/1039856215609769
https://doi.org/10.1016/j.janxdis.2023.102771
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Participants
	Measurements
	Other Measures
	DNA Extraction and Genotyping
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Ethics Statement
	Informed Consent
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

