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This study aimed to explore the association between teacher’s type D personality (TDP)
and children’s hyperactive behaviors, along with the moderation effect of parental TDP
and the mediation effect of the teacher–student relationship. In this prospective study,
a total of 25,852 children were surveyed from 2014 to 2016 in Longhua District of
Shenzhen, China, and followed up 1 year later. At baseline, parents provided data on
parental TDP and children’s hyperactive behaviors, while teachers reported on their
TDP. At follow-up, parents provided data on children’s hyperactive behaviors again,
and teachers described their relationship with each student. Two-level multilevel logistic
models were conducted to assess the influence of a teacher’s TDP, parental TDP, and
their interaction on children’s hyperactive behaviors. Mediation analysis was used to
examine the mediating role of the teacher–student relationship. Results indicated that
teachers’ TDP was not a significant predictor of children’s hyperactive behaviors after
1 year in kindergarten. Conversely, maternal and paternal TDP were prospectively and
positively associated with children’s subsequent hyperactive behaviors. However, the
children with a TDP teacher, a TDP mother, and/or a TDP father had higher risk of
hyperactive behaviors than those with either a TDP teacher or a TDP mother or a
TDP father. In addition, the teacher–student relationship was not a significant mediator
between teacher’s TDP and children’s hyperactive behaviors. Further, researchers may
consider the effect of the combination of teacher’s TDP, maternal TDP, and paternal TDP
on hyperactive behaviors in children in further studies.
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INTRODUCTION

Hyperactive behavior is the main clinical manifestation of
attention-deficit/hyperactivity disorder (ADHD) (American
Psychiatric Association, 2013) and is one of the most common
neurobehavioral conditions in early childhood (Gillberg, 2010).
Children with hyperactive behaviors tend to encounter increased
risk of adverse life problems such as poor academic performance
(Taylor et al., 2019), employment difficulties and low income
(Fletcher, 2014), injuries (Hurtig et al., 2016), and even suicide
(Huang et al., 2018). In addition, preschool hyperactive behaviors
also exert long-term economic burden upon families and country
(Chorozoglou et al., 2015). Hyperactive behaviors can emerge in
early childhood and continue into adulthood, which may lead to
a lifetime dysfunction without effective treatment or prevention
(Barkley, 2014). Therefore, there is a pressing need to explore the
risk factors for hyperactive behaviors in young children in order
to develop effective prevention and intervention programs.

Although genetic and biological factors are central to the
etiology of hyperactive behaviors (Thapar et al., 2012), empirical
studies indicate that environmental factors including families
and schools can play an important role in determining the
development of hyperactive behaviors (Keown and Woodward,
2002; Keown, 2012; Runions, 2014). In terms of the familial
factors, parental personality, which refers to their relatively
enduring styles of thinking, feeling, and acting, can have an
initial influence on the parental rearing behaviors and children’s
hyperactive behaviors. For example, Prinzie et al. demonstrated
that parents with the personality dimension of low emotional
stability tended to exhibit more parenting behaviors of irritability,
anger, meanness, and frustration, which was subsequently
associated with an increase in symptoms of externalizing
behavior problem (including hyperactive behaviors) in their
children (Prinzie et al., 2004). In addition, a meta-analysis
of Chinese studies indicated that the maternal personality of
extraversion was protective against the subsequent development
of hyperactive behaviors in their children (Zhang and Sun, 2015).
Furthermore, our previous research found that parental type D
personality (TDP) was a risk factor for childhood hyperactive
behaviors (He et al., 2019). These findings suggested that the
caregivers’ personality can make a contribution to the hyperactive
behaviors of their offspring.

In addition to parents, teachers are important caregivers
of children after they enter kindergartens and schools.
Children’s early experiences with teachers have been reported
to significantly affect the development of children’s hyperactive
behaviors. The results of a meta-analysis demonstrated that there
was a negative correlation between positive teacher–student
relationships and students externalizing behavioral problems
(Lei et al., 2016). More specially, a prospective study by Runions
et al. reported that conflict between a teacher and children in
kindergarten could predict a subsequent increase in children’s
hyperactivity (Runions, 2014). Further, Searle et al. (2013)
demonstrated that good teacher–student relationship quality
was associated with lower levels of children’s hyperactivity. In
addition, an RCT study showed that intervention targeted at
teacher–student relationship could reduce hyperactive behaviors

among preschoolers (Vancraeyveldt et al., 2015). However, scarce
attention has been paid to the influence of teachers’ personality,
which may be a driver of their interaction with students, and in
turn affect their students’ hyperactive behaviors. For instance,
Eryilmaz (2014) reported that teachers with a personality
of high extraversion, agreeableness, conscientious, openness
personality, and low neuroticism were more popular with
students. Similarly, Genc et al. (2014) also found that students
think that a good teacher is expected to have personality of low
neuroticism and high extraversion, openness, cooperativeness,
and consciousness. A literature review indicated that a teacher’s
ability to teach children with behavioral problems (including
building a good teacher–student relationships) increased with
his/her levels in personality of extraversion, agreeableness,
conscientious, and openness (Buttner et al., 2015). Given
that previous research has found a link between teachers’
personality and teacher–student relationships, as well as an
association between teacher–student relationships and levels
of hyperactivity in students, it is likely that there may be a
relationship between a teacher’s personality and a student’s level
of hyperactive behaviors.

Type D personality is a personality construct characteristic
of a combination of two traits: negative affectivity (NA)
and social inhibition (SI) (Denollet, 2005). NA refers to the
propensity to experience negative emotions such as anxiety,
dysphoria, and irritability and involves a negative view of self.
SI denotes suffering discomfort in social contacts, reticence,
lack of social interaction, and unwillingness to express in social
poise. There is evidence to show that TDP is associated with
fewer healthy behaviors, poorer physical status, as well as a
poorer mental health status (Mols and Denollet, 2010; Williams
et al., 2016). Particularly, Thomas et al. (2006) demonstrated
that teachers with TDP tended to be bothered more by
voice problems than their non-TDP counterparts. Although
few researches have paid attention to the association between
teacher’s TDP and children’s hyperactive behaviors, our previous
study found that TDP parents tend to have fewer positive
parent–child interactions, which, in turn, increases the risk of
children’s hyperactive behaviors (He et al., 2019). However,
there was limited evidence on the association between teacher’s
TDP (another important caregiver) and children’s hyperactive
behaviors. Based on the findings of previous studies, we
hypothesized that teachers with TDP may also establish negative
relationships with their students, which may subsequently
influence children’s hyperactive behaviors. In addition to the
independent effect of teacher’s TDP, it is also noteworthy that
teacher’s TDP and parents’ TDP may combine together to
influence children’s hyperactive behaviors after kindergarten.
However, to date, there have been no published investigations
into this issue. Examining whether such associations exist may
be important in understanding the development of hyperactive
behaviors in children.

The present study therefore aimed to explore the influence
of teacher’s TDP on the development of hyperactive behaviors
in children, as well as the mediating role of teacher–student
relationship. In addition, we also aimed to explore the interaction
effect among maternal TDP, paternal TDP, and teacher’s TDP.
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Given these aims, the hypotheses of the present study are
as follows:

(1) Teacher’s TDP will be associated with children’s subsequent
hyperactive behaviors after a 1-year period in kindergarten.

(2) There will be a significant interaction effect between
maternal TDP, paternal TDP, and teachers’ TDP with
children’s subsequent hyperactive behaviors after a 1-year-
period in kindergarten.

(3) Three types of teacher–student relationships (conflict,
closeness, and dependency) will mediate the relationship
between teacher TDP and the children’s subsequent
hyperactive behaviors.

MATERIALS AND METHODS

Study Population
The Longhua Children Cohort Study (LCCS) was set up to
estimate the influence of early-life family and school environment
upon psycho-behavioral development of Chinese children. The
baseline survey was conducted from 2014 to 2016. Children
and their parents and teachers in the 171 kindergartens in the
Longhua district of Shenzhen, China, were invited to participate
in this study voluntarily when they first entered kindergarten.
The exclusion criteria were children with severe physical illness
or mental disorder. A total of 42,591 children aged around
3 years were approached at baseline survey, and 40,273 children
were enrolled in the study, with a participation rate of 94.56%.
In addition, a total of 1234 teachers of the children were
also included in the current study. The follow-up survey was
conducted 1 year later and a total of 29,991 children were
successfully recruited at follow-up. After excluding those with
incomplete data, the remaining 25,852 children were included in
the analyses (Figure 1). Written informed consent was provided
by the children’s parents and teachers. The current study was
conducted in accordance with the Code of Ethics of the Word
Medical Association (Declaration of Helsinki). The current study
was approved by the Ethics Committee of School of Public Health
of Sun Yat-sen University (ethics clearance No. 2015-016).

Data Collection
At baseline, both the mother and father of a child were required
to fill in a scale about TDP, and one of the parents was also
asked to complete an additional questionnaire concerning the
socio-demographics of their children and both parents, as well
as answering questions about the hyperactive behaviors of their
child entering kindergarten. Teachers were also asked to complete
a scale about TDP and their socio-demographics at this baseline
time point. At follow-up, the parents were asked to complete
another scale about their child’s hyperactive behaviors. In order
to explore how teacher’s TDP influence children’s hyperactive
behaviors, a subsample of teachers was also asked to fill in a
scale regarding their relationship with each child. That is, teachers
of children who participated in this study in 2014 provided
information about their relationship with each child in their class
at 2015 (n = 6387).

171 kindergartens were included

42591 Children were approached 
at baseline, 2014-2016

40273 Children were enrolled at 
baseline, 2014-2016

29991 Children were followed 
up, 2015-2017

25852 Children with complete 
data were included in the 
analysis

2318 did not participate

10282 did not visit 1 year later

4139 without complete data

FIGURE 1 | Flowchart of study participants.

Measures
Hyperactive Behaviors
Children’s hyperactive behaviors were assessed using the
Conners’ hyperactivity index (HI), which is a subscale from the
Conners Parent Rating Scale-Revised (CPRS-48) (Goyette et al.,
1978). The parent version of Conners’ HI is a validated screening
tool, which has been widely used in epidemiological studies to
measure hyperactive behaviors in preschool children (Heinonen
et al., 2010; Zhu et al., 2015). This scale was translated into
Chinese and proven to have a good reliability and validity (Lin-
Yan et al., 2001). In our sample, the Cronbach α coefficients was
0.83, the composite reliability was 0.94 and the average variance
extracted (AVE) was 0.77. The results of a confirmatory factor
analysis (CFA) revealed that HI had good construct validity (most
of items had factor loadings above 0.60, CFI = 0.91, GFI = 0.95,
RMSEA = 0.08). These findings indicated that the HI is a reliable
and validated tool for the measurement of Chinese children’s
hyperactive behaviors. The HI consists of 10 items rated on a
four-point scale (0 = not at all to 3 = very much). The items
were summed and then divided by 10 to get a mean score. The
90th percent HI score for the child’s age and gender is used as the
cutoff for establishing hyperactive behaviors in Chinese children
(Lin-Yan et al., 2001).
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Type D Personality
Type D personality scale (DS14) was used to assess TDP of
parents and teachers. The DS14 is composed of two factors, NA
and SI. Each factor involved seven items rated on a five-point
scale (0 = false to 4 = true). The score ranges from 0 to 28
for both NA and SI. Respondents with a score ≥ 10 on both
subscales are regarded as having a TDP (Denollet, 2005). The
DS14 was translated into Chinese and demonstrated to have a
good reliability and validity (Bai, 2007). The Chinese version of
DS14 has been extensively used to evaluate TDP among Chinese
sample in epidemiological and clinical studies (Chen et al., 2015;
Shao et al., 2017). In our sample, the Cronbach α coefficients of
NA were 0.90 for mother, 0.87 for father, and 0.82 for teacher,
and the Cronbach α coefficients of SI were 0.70 for mother,
0.73 for father, and 0.69 for teacher. The composite reliability of
NA was 0.92 for mother, 0.89 for father, and 0.85 for teacher,
and the composite reliability of SI was 0.73 for mother, 0.75
for father, and 0.73 for teacher. The AVE of NA was 0.80 for
mother, 0.85 for father, and 0.78 for teacher, and the AVE of
SI was 0.67 for mother, 0.66 for father, and 0.78 for teacher.
According to the Fornell and Larcker (1981) criterion, the two
factors of DS14 had good discriminant validity. The AVE of NA
were all larger than the squared correlation coefficient between
NA and SI (for mother: 0.80 > 0.62, for father: 0.85 > 0.62,
and for teacher: 0.78 > 0.52). Similarly, the AVE of SI were
all larger than the squared correlation coefficient between NA
and SI (for mother: 0.67 > 0.62, for father: 0.66 > 0.62, and
for teacher: 0.78 > 0.52). The construct validity of DS14 (two
factor model) is acceptable (most of items had factor loadings
above 0.60, for mother: CFI = 0.91, GFI = 0.90, RMSEA = 0.09;
for father: CFI = 0.90, GFI = 0.91, RMSEA = 0.09; and for
teacher: CFI = 0.90, GFI = 0.90, RMSEA = 0.09). These findings
demonstrated that the DS14 is a reliable and validated tool to
measure TDP among Chinese population.

Teacher–Student Relationship
The teacher–student relationship was measured using the
student–teacher relationship scale (STRS) (Pianta, 2001). This
scale is composed of three subscales: Conflict, Closeness, and
Dependency. The subscale of Conflict measures the degree to
which a teacher perceives his or her relationship with a particular
student as negative and conflictual. The subscale of Closeness
measures the degree to which a teacher experiences affection,
warmth, and open communication with a particular student.
The subscale of Dependency measures the degree to which a
teacher perceives a particular student as overly dependent on
him/her. Researchers have translated this scale into Chinese
and proved to have a stratifying reliability and validity among
preschoolers (Zhang, 2010). The Chinese version STRS has
been employed to evaluate teacher–student relationships in a
series of psychological and educational study in Chinese sample
(Lizhu et al., 2016; Jingjing et al., 2018). In our sample, the
Cronbach α coefficient was 0.85 for Conflict, 0.78 for Closeness,
and 0.56 for Dependency, and the composite reliability was
0.87 for Conflict, 0.78 for Closeness, and 0.51 for Dependency.
The AVE was 0.66 for Conflict, 0.60 for Closeness, and 0.43
for Dependency. In addition, the STRS also had acceptable

discriminant validity. The AVE of Conflict was larger than
the squared correlation coefficients between Conflict and the
other two subscales (0.66 > 0.10, 0.66 > 0.37). The AVE of
Closeness was larger than the squared correlation coefficients
between Closeness and the other two subscales (0.60 > 0.10,
0.60 > 0.06). The AVE of dependency was larger than the
squared correlation coefficients between Dependency and the
other two subscales (0.43 > 0.37, 0.60 > 0.06). The STRS (three-
factor model) also had good construct validity (most of the
items had factor loadings above 0.50, CFI = 0.90, GFI = 0.90,
and RMSEA = 0.06).

Covariates
The potential covariate variables included parents’ and teachers’
sociodemographic characteristics of age, educational level
(≤12th grade, high school, and undergraduate), the parent’s
marital status (married and single), the teacher’s gender
(male and female), as well as children’s sociodemographic
characteristics of age, gender (male and female), and single
child status (no and yes). The variables that were significant
at P < 0.1 in univariate analyses or widely reported in
the literatures were entered as covariates into the multiple
regression models.

Statistical Analysis
Continuous variables were described as means and standardized
deviation, while categorical variables were described as
frequencies and proportion. t tests were performed for the
comparisons for continuous variables, and χ2 tests were used for
the comparisons for categorical variables. Our data had class-
level variables (including teacher’s age, teacher’s gender, teacher’s
educational level, and teacher’s TDP) and child-level variables
(including the child’s age, gender, single child status, as well as
parents’ age, parents’ educational level, parents’ marital status,
and parental TDP). As such, we built two-level logistic models to
investigate the associations between teacher’s TDP and children’s
hyperactive behaviors after adjusting for child-level data (level-1)
and class-level data (level-2) (O’Connell et al., 2008).

The potential for the teacher–student relationship to mediate
the association between teacher’s TDP and children’s hyperactive
behaviors was assessed with a series of hierarchical logistic
regressions after adjusting for the covariate variables. According
to Baron and Kenny (1986), the mediation effect is demonstrated
when the following criteria are met: (1) The main independent
variable (teacher’s TDP) is significantly related to the main
dependent variable (hyperactive behaviors of children, the partial
coefficient was denoted by c); (2) The independent variable
(teacher’s TDP) is significantly associated with the mediator
variable (teacher–student relationship, the partial coefficient was
denoted by a); and (3) The mediator variable (teacher–student
relationship) is significantly related to the dependent variable
(hyperactive behaviors of children) when the independent
variable (teacher’s TDP) is controlled (the partial coefficient
was denoted by b).

All of the p values were two-sided. Type I errors were set at
P< 0.05. The statistical analysis was conducted with SAS 9.4 (SAS
Institute Inc., Cary, NC, United States).
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RESULTS

Sample Characteristics
Of the surveyed 29,991 children, 54.5% were boys and the
mean age was 3.43 years (SD = 0.35). Further, 56.0% of
mothers and 63.9% of fathers had a bachelor degree or above.
The mean age was 30.91 years (SD = 3.92) for mothers and
33.27 years (SD = 4.55) for fathers. In addition, 60.4% of
teachers had a bachelor degree or above, and their mean age was
26.16 years (SD = 6.53). Other socio-demographic characteristics
of participants are shown in Table 1.

Based on the recommended cutoff value for the DS14, 11.1%
of mothers, 9.1% of fathers, and 9.8% of teachers were classified
as TDP. Regarding the trajectory of the children’s hyperactive
behaviors, there were 935 out of the 21,231 baseline non-
hyperactive children who subsequently met the cutoff value of
hyperactive behaviors at follow-up. A total of 3565 out of the
4574 baseline hyperactive children subsequently were rated lower
than cutoff for hyperactivity at follow-up and so considered to
be in remission.

Association Between Teacher’s TDP and
Children’s Hyperactive Behaviors, and
the Moderation Effect of Parental TDP
Table 2 presents the results of the associations of baseline
teacher’s TDP and parental TDP with children’s hyperactive
behaviors at follow-up. After adjusting for the covariates,
teacher’s TDP at baseline did not predict the children’s
hyperactive behaviors after 1 year in kindergarten independently.
In contrast, maternal TDP and paternal TDP at baseline were
independent and positive predictors of children’s hyperactive
behaviors at follow-up. Further, we explored the moderation
effect of parental TDP on the association between teacher’s
TDP and children’s hyperactive behaviors, but no significant
moderation effect of parental TDP was observed (Table 2).

To explore the influence of teacher’s TDP and parental TDP
with the change of the status of children’s hyperactive behaviors
after a year’s life in kindergarten, we classified the children into
two subgroups at baseline: non-hyperactive behaviors children
and hyperactive behaviors children, based on the HI at baseline
survey. For the children who did not exhibit hyperactive
behaviors at baseline, their hyperactive behaviors status (1 = yes
and 0 = no) at follow-up was used as dependent variable. There
was no significant association between teacher’s TDP and the
incident of children’s hyperactive behaviors. In contrast, both
maternal TDP and paternal TDP were significantly and positively
associated with higher risk of incident of children’s hyperactive
behaviors before and after adjusting for the covariates (Table 2).
Moreover, there was no moderation effect of parental TDP on the
association between teacher’s TDP to the incident of children’s
hyperactive behaviors (Table 2).

For the children who exhibited hyperactive behaviors at
baseline, children’s hyperactive behaviors status at follow-up was
used as dependent variable (1 = persistence and 0 = remission).
No association between teacher’s TDP and the persistence of
children’s hyperactive behaviors was observed. Conversely, both

TABLE 1 | Characteristics of children with and without hyperactive
behaviors at follow-up.

Variables Total Hyperactive behaviors at follow-up

No Yes P valuea

Total, n (%) 25,852 (100.0) 23,905 (92.47) 1947 (7.53) –

Child age at
baseline,
mean (SD)

3.43 (0.35) 3.44 (0.35) 3.38 (0.36) <0.001

Child’s gender,
n (%)

0.496

Boy 14,093 (54.51) 13,046 (54.57) 1047 (53.78)

Girl 11,759 (45.49) 10,859 (45.43) 900 (46.22)

Single child,
n (%)

0.013

No 10,527 (40.72) 9786 (40.94) 741 (38.06)

Yes 15,325 (59.28) 14,119 (59.06) 1206 (61.94)

Marital status,
n (%)

0.724

Married 25,141 (97.25) 23,250 (97.26) 1891 (97.12)

Single 711 (2.75) 655 (2.74) 56 (2.88)

Maternal age,
mean (SD)

30.91 (3.92) 31.00 (3.92) 29.76 (3.83) <0.001

Maternal
education, n (%)

<0.001

≤12th grade 3939 (15.24) 3505 (14.66) 434 (22.29)

≤High school 7457 (28.84) 6849 (28.65) 608 (31.23)

≥Undergraduate 14,456 (55.92) 13,551 (56.69) 905 (46.48)

Paternal age,
mean (SD)

33.27 (4.55) 33.35 (4.55) 32.24 (4.52) <0.001

Paternal
education, n (%)

<0.001

≤12th grade 3073 (11.89) 2730 (11.42) 343 (17.62)

≤High school 6255 (24.20) 5733 (23.98) 522 (26.81)

≥Undergraduate 16,524 (63.92) 15,442 (64.60) 1082 (55.57)

Teacher’s
gender, n (%)

0.291

Male 136 (0.53) 129 (0.54) 7 (0.36)

Female 25,716 (99.47) 23,776 (99.46) 1940 (99.64)

Teacher’s age,
mean (SD)

26.12 (6.53) 26.16 (6.54) 25.57 (6.32) <0.001

Teacher’s
education, n (%)

0.001

≤12th grade 502 (1.94) 459 (1.92) 43 (2.21)

≤High school 9734 (37.65) 8930 (37.36) 804 (41.29)

≥Undergraduate 15,616 (60.41) 14,516 (60.72) 1100 (56.50)

Hyperactive
behaviors at
baseline n (%)

<0.001

No 21,274 (82.29) 20,337 (85.07) 937 (48.13)

Yes 4578 (17.71) 3568 (14.93) 1010 (51.87)

aχ2 tests were used for categorical variables; t tests were used for
continuous variables.

maternal TDP and paternal TDP were significantly and positively
associated with the persistence of children’s hyperactive behaviors
before and after adjusting for the covariates. Additionally, the
moderation effect of maternal TDP on the relationship between
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TABLE 2 | Association of parental TDP and teacher’s TDP with hyperactive
behaviors at follow-up among children with and without hyperactive
behaviors at baseline.

Variable Crude OR (95% CI) Adjusted OR (95% CI)

Outcome: Hyperactive behaviors (n = 25,852)

Teacher’s TDP (Yes vs. No) 1.051 (0.885,1.249) 1.048 (0.883,1.243)

Maternal TDP (Yes vs. No) 3.207 (2.864,3.591)∗∗∗ 2.413 (2.138,2.724)∗∗∗

Paternal TDP (Yes vs. No) 2.641 (2.330,2.993)∗∗∗ 2.140 (1.871,2.447)∗∗∗

Interaction effect

Teacher’s TDP∗Maternal
TDP∗Paternal TDP

0.691 (0.409,1.169) 0.709 (0.406,1.237)

Teacher’s TDP∗Maternal
TDP

1.235 (0.859,1.776) 1.365 (0.926,2.013)

Teacher’s TDP∗Paternal
TDP

0.859 (0.559,1.322) 0.843 (0.534,1.332)

Maternal TDP∗Paternal
TDP

0.704 (0.533,0.929)∗ 0.854 (0.634,1.150)

Outcome: Incidence of hyperactive behaviors (n = 21,274)

Teacher’s TDP (Yes vs. No) 1.005 (0.791,1.276) 0.992 (0.786,1.253)

Maternal TDP (Yes vs. No) 3.150 (2.678,3.705)∗∗∗ 3.107 (2.641,3.656)∗∗∗

Paternal TDP (Yes vs. No) 2.484 (2.037,2.978)∗∗∗ 2.528 (2.108,3.031)∗∗∗

Interaction effect

Teacher’s TDP∗Maternal
TDP∗Paternal TDP

0.435 (0.178,1.062) 0.423 (0.172,1.045)

Teacher’s TDP∗Maternal
TDP

1.030 (0.606,1.751) 0.993 (0.578,1.707)

Teacher’s TDP∗Paternal
TDP

0.625 (0.315,1.241) 0.610 (0.304,1.224)

Maternal TDP∗Paternal
TDP

0.848 (0.564,1.227) 0.919 (0.606,1.396)

Outcome: Persistence of hyperactive behaviors (n = 4578)

Teacher’s TDP (Yes vs. No) 1.174 (0.918,1.501) 1.128 (0.882,1.443)

Maternal TDP (Yes vs. No) 2.156 (1.818,2.556)∗∗∗ 2.133 (1.797,2.531)∗∗∗

Paternal TDP (Yes vs. No) 2.036 (1.684,2.461)∗∗∗ 2.058 (1.699,2.493)∗∗∗

Interaction effect

Teacher’s TDP∗Maternal
TDP∗Paternal TDP

0.972 (0.458,2.064) 1.075 (0.497,2.324)

Teacher’s TDP∗Maternal
TDP

1.797 (1.015,3.182)∗ 1.962 (1.090,3.534)∗

Teacher’s TDP∗Paternal
TDP

1.059 (0.564,1.989) 1.113 (0.583,2.127)

Maternal TDP∗Paternal
TDP

0.782 (0.518,1.181) 0.791 (0.517,1.211)

∗P < 0.05 and ∗∗∗P < 0.001. Adjusted for child gender, child age, single
child, child’s baseline hyperactive index, marital status, maternal age, maternal
education, paternal age, paternal education, teacher’s age, teacher’s gender, and
teacher’s education.

teacher’s TDP and the persistence of children’s hyperactive
behaviors was positively significant (Table 2).

Association of the Combination of
Teacher’s TDP, Maternal TDP, and
Paternal TDP With Children’s
Hyperactive Behaviors
In order to explore the influence of teacher’s TDP, maternal
TDP, and paternal TDP concurrently, these three variables were
combined into an extra variable. This variable included eight

combinations of the presence or absence of teacher’s, maternal,
and paternal TDP to produce eight categories. Table 3 presented
the association of the combination of maternal TDP, paternal
TDP, and teacher’s TDP on children’s hyperactive behaviors. For
the total sample, compared to children with a non-TDP mother,
non-TDP father, and non-TDP teacher, those just having a parent
with TDP, those having both TDP father and TDP mother
(teacher was not TDP), those having a TDP mother and a TDP
teacher (father was not TDP), and those having a TDP mother,
a TDP father, and a TDP teacher had higher risk of subsequent
hyperactive behaviors. The latter three seemed to have higher
absolute OR. For the children who did not exhibit hyperactive
behaviors at baseline, those with a TDP father and a TDP mother
(teacher was not TDP) and those with a TDP mother and a
TDP teacher (father was not TDP) encountered higher risk of
subsequent incidence of hyperactive behaviors. The latter two
also had higher absolute OR. For the children who exhibited
hyperactive behaviors at baseline, the results were similar with the
total sample (Table 3).

The Mediating Role of Teacher–Student
Relationship Between Teachers’ TDP
and Children’s Hyperactive Behaviors
Table 4 and Figure 2 showed the results of the mediation
analysis of teacher–student relationship. The results indicated
that the teacher’s TDP was not associated with teacher–student
relationship as well as children’s hyperactive behaviors, though
the teacher–student conflict was related to higher risk of
children’s hyperactive behaviors, while teacher–student closeness
was associated with lower risk of children’s hyperactive behaviors.
Therefore, the teacher–student relationships did not serve as
significant mediators.

DISCUSSION

The current study explored the prospective association between
teacher’s TDP and Chinese preschool children’s hyperactive
behaviors over a 1-year period, as well as the moderation effect
of parental TDP and the mediation effect of teacher–student
relationships. After controlling for parent’s age, educational
level, and marital status, and teacher’s age, gender, educational
level, as well as children’s age, gender, and single child status,
teachers’ TDP was not a significant predictor of children’s
hyperactive behaviors after 1 year in kindergarten. Conversely,
both maternal and paternal TDP at baseline were prospectively
associated with higher risk of children’s subsequent hyperactive
behaviors. After combining maternal TDP, paternal TDP as well
as teacher’s TDP, we found that children having just one parent
with TDP, those having both TDP father and TDP mother,
those having a TDP mother and a TDP teacher, and those
having a TDP mother, a TDP father, and a TDP teacher had
higher risk of later hyperactive behaviors. Moreover, mediation
analysis demonstrated that teacher–student relationships were
not significant mediators between teacher’s TDP and children’s
hyperactive behaviors, although teacher–student conflict was
associated with higher risk of children’s hyperactive behaviors,
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TABLE 3 | Association of maternal TDP, paternal TDP, and teacher’s TDP with children’s hyperactive behaviors at follow-up.

Variable No. Case Crude OR (95% CI) Adjusted OR (95% CI)

Outcome: Hyperactive behaviors (n = 25,852)

Maternal TDP Paternal TDP Teacher’s TDP

No No No 19,666 1190 Ref Ref

Yes No No 1522 224 2.743 (2.346,3.208)∗∗∗ 1.994 (1.686,2.358)∗∗∗

No Yes No 1062 118 1.979 (1.615,2.452)∗∗∗ 1.637 (1.319,2.031)∗∗∗

No No Yes 2154 130 1.000 (0.814,1.230) 0.973 (0.792,1.196)

Yes Yes No 1061 216 4.137 (3.507,4.880)∗∗∗ 3.121 (2.612,3.728)∗∗∗

Yes No Yes 164 36 4.532 (3.061,6.710)∗∗∗ 3.904 (2.565,5.942)∗∗∗

No Yes Yes 105 12 2.084 (1.120,3.875)∗ 1.708 (0.887,3.290)

Yes Yes Yes 118 21 3.432 (2.095,2.623)∗∗∗ 2.446 (1.454,4.117)∗∗∗

Outcome: Incidence of hyperactive behaviors (n = 21,274)

Maternal TDP Paternal TDP Teacher’s TDP

No No No 16,516 600 Ref Ref

Yes No No 1083 95 2.607 (2.072,3.279)∗∗∗ 2.612 (2.076,3.286)∗∗∗

No Yes No 813 48 1.680 (1.237,2.282)∗∗∗ 1.762 (1.297,2.394)∗∗

No No Yes 1822 66 0.988 (0.747,1.307) 0.980 (0.744,1.290)

Yes Yes No 749 100 4.212 (3.342,5.310)∗∗∗ 4.230 (3.354,5.334)∗∗∗

Yes No Yes 127 17 4.244 (2.479,7.267)∗∗∗ 4.409 (2.574,7.551)∗∗∗

No Yes Yes 82 5 1.769 (0.701,4.464) 1.817 (0.716,4.610)

Yes Yes Yes 82 6 2.012 (0.856,4.732) 1.918 (0.819,4.494)

Outcome: Persistence of hyperactive behaviors (n = 4578)

Maternal TDP Paternal TDP Teacher’s TDP

No No No 3150 590 Ref Ref

Yes No No 439 129 1.825 (1.451,2.297)∗∗∗ 1.832 (1.454,2.308)∗∗∗

No Yes No 249 70 1.731 (1.285,2.330)∗∗∗ 1.791 (1.327,2.417)∗∗∗

No No Yes 332 64 1.037 (0.767,1.402) 0.980 (0.723,1.327)

Yes Yes No 312 116 2.643 (2.049,3.410)∗∗∗ 2.617 (2.024,3.384)∗∗∗

Yes No Yes 37 19 4.796 (2.443,9.414)∗∗∗ 4.646 (2.352,9.177)∗∗∗

No Yes Yes 23 7 1.956 (0.780,4.905) 1.808 (0.715,4.571)

Yes Yes Yes 36 15 3.316 (1.658,6.633)∗∗∗ 3.119 (1.550,6.278)∗∗

∗P < 0.05, ∗∗P < 0.01, and ∗∗∗P < 0.001. Adjusted for child gender, child age, single child, child’s baseline hyperactive index, marital status, maternal age, maternal
education, paternal age, paternal education, teacher’s age, teacher’s gender, and teacher’s education.

while teacher–student closeness was related to lower risk of
children’s hyperactive behaviors.

To the best of our knowledge, this is the first study
that has explored a prospective association between teacher’s
TDP and subsequent hyperactive behaviors among children.
In contrast to our hypothesis, no association between teacher’s
TDP and subsequent hyperactive behaviors among children was
found in the current study. Given that previous studies have
found associations between teachers’ personality and teacher’s
popularity among students (Eryilmaz, 2014), as well as between
teacher–student relationship quality and children’s hyperactivity
(Searle et al., 2013), it would seem reasonable to predict a direct
relationship between teacher’s personality and the presence of
hyperactive behaviors in children. In our study, however, we did
not observe any direct relationship between teacher’s TDP and
children’s hyperactive behaviors.

A consideration for the non-significant finding between
teacher TDP and hyperactivity is that the results may represent
a dose effect. That is, while the children may spend a number of
hours with a teacher each day, the amount of teacher–student

interactions is mitigated by the higher number of competing
children in the classroom, compared with the interactions
between parent–child in a Chinese family. As such, having a
teacher with TDP may not provide a sufficient dosage of exposure
to a significant other with TDP in comparison with having a
parent with TDP. Given this, teacher’s TDP when combined with
parents’ TDP may increase the dosage of exposure and therefore
influence children’s hyperactive behaviors.

While the lack of association between teacher TDP and
hyperactive behaviors precluded a formal mediation analysis, our
study still allowed an examination of the associations between
teacher TDP, teacher–student relationships, and hyperactive
behaviors in young Chinese children. We found that while
there were no associations between teacher TDP and the
three measures of teacher–student relationships, two types of
teacher–student relationship (Conflict, Closeness) were related
to hyperactive behaviors in Chinese children. This is similar
to a finding from a prospective study conducted by Jong that
teachers’ personality of extraversion and friendliness was not
associated with later teacher–student relationship in secondary
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TABLE 4 | The mediating role of teacher–children relation on the association between teacher’s TDP and children’ hyperactive behaviors.

Independent variable Dependent variable Effect value (95% CI)

Outcome: Hyperactive behaviors (n = 6387)

X→Y Teacher’s TDP Hyperactive behaviors −0.092 (− 0.467,0.283)

X→M Teacher’s TDP Teacher-child conflict 0.958 (− 0.650,2.566)

X→M Teacher’s TDP Teacher-child closeness −0.099 (− 1.522,1.323)

X→M Teacher’s TDP Teacher-child dependency 0.162 (− 0.651,0.974)

M→Y Teacher–child conflict Hyperactive behaviors 0.028 (0.014,0.041)∗∗∗

M→Y Teacher–child closeness Hyperactive behaviors −0.028 (− 0.043,−0.012)∗∗∗

M→Y Teacher–child dependency Hyperactive behaviors 0.010 (− 0.017,0.036)

X + M→Y Teacher’s TDP Hyperactive behaviors −0.118 (− 0.494,0.259)

Teacher–child conflict Hyperactive behaviors 0.023 (0.006,0.039)∗

Teacher–child closeness Hyperactive behaviors −0.020 (− 0.038,−0.001)∗

Teacher–child dependency Hyperactive behaviors 0.000 (− 0.032,0.032)

Outcome: Incidence of hyperactive behaviors (n = 4951)

X→Y Teacher’s TDP Hyperactive behaviors −0.340 (− 0.919,0.239)

X→M Teacher’s TDP Teacher–child conflict 0.739 (− 0.861,2.338)

X→M Teacher’s TDP Teacher–child closeness −0.151 (− 1.597,1.294)

X→M Teacher’s TDP Teacher–child dependency 0.218 (− 0.598,1.035)

M→Y Teacher–child conflict Hyperactive behaviors 0.035 (0.017,0.053)∗∗∗

M→Y Teacher–child closeness Hyperactive behaviors −0.031 (− 0.052,−0.010)∗∗

M→Y Teacher–child dependency Hyperactive behaviors 0.021 (− 0.015,0.057)

X + M→Y Teacher’s TDP Hyperactive behaviors −0.377 (− 0.951,0.197)

Teacher–child conflict Hyperactive behaviors 0.028 (0.006,0.050)∗

Teacher–child closeness Hyperactive behaviors −0.024 (− 0.048,0.001)

Teacher–child dependency Hyperactive behaviors 0.009 (− 0.034,0.053)

Outcome: Persistence of hyperactive behaviors (n = 1436)

X→Y Teacher’s TDP Hyperactive behaviors 0.180 (− 0.304,0.664)

X→M Teacher’s TDP Teacher–child conflict 1.060 (− 0.867,2.987)

X→M Teacher’s TDP Teacher–child closeness −0.060 (− 1.717,1.597)

X→M Teacher’s TDP Teacher–child dependency −0.053 (− 1.062,0.955)

M→Y Teacher–child conflict Hyperactive behaviors 0.026 (0.007,0.045)∗∗

M→Y Teacher–child closeness Hyperactive behaviors −0.028 (− 0.051,−0.006)∗

M→Y Teacher–child dependency Hyperactive behaviors −0.006 (− 0.043,0.030)

X + M→Y Teacher’s TDP Hyperactive behaviors 0.155 (− 0.338,0.648)

Teacher–child conflict Hyperactive behaviors 0.026 (0.002,0.049)∗

Teacher–child closeness Hyperactive behaviors −0.015 (− 0.042,0.012)

Teacher–child dependency Hyperactive behaviors −0.019 (− 0.064,0.025)

∗P < 0.05, ∗∗P < 0.01, and ∗∗∗P < 0.001. Adjusted for child gender, child age, single child, child’s baseline hyperactive index, marital status, maternal age, maternal
education, paternal age, paternal education, teacher’s age, teacher’s gender, and teacher’s education.

school in Netherlands (de Jong et al., 2014). However, other
studies conversely demonstrated that students tended to like
a teacher with personality of high extraversion, agreeableness,
conscientious, openness personality, and low neuroticism
(Eryilmaz, 2014; Genc et al., 2014). These contradictory findings
may be attributed to different respondents (i.e., students vs.
teachers) or different measuring methods of teacher–student
relationships (i.e., qualitative questions vs. quantitative scale).
Another consideration may be cultural influence. Teachers have
high social status in Chinese Confucian culture. Chinese children
are educated to be respectful to teachers since a very early age.
There is cross-cultural evidence that Chinese students report
better teacher–student relationships than American students
(Yang et al., 2013). More relevant to our study, a previous study

conducted among teachers of Belgian preschoolers reported that
the average score is 3.87 for Conflict, 2.05 for Closeness, and 2.26
for Dependency (Doumen et al., 2009). In the current study, the
average scores of STRS is numerically better, 1.64 for Conflict,
3.99 for Closeness, and 2.56 for Dependency. Given that, Chinese
children may also establish a relatively good relationship with
their teachers even though their teacher had TDP. Therefore,
further studies may consider to examine the associations
between teacher’s TDP and teacher–student relationships in other
cultures, as well as to explore the relationships between teacher’s
TDP and other specific variables of teacher–student interaction.

Though the association between teacher TDP and teacher–
student relationships cannot be observed in this study, two types
of teacher–student relationship (Conflict and Closeness) were
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FIGURE 2 | The mediating role of teacher–children relation on the association between teacher’s TDP and children’s. ∗P < 0.05.

found to be related to hyperactive behaviors in Chinese children.
As indicated by Lei et al. (2016) teacher–student relationship
played an important role in student’s behavioral development.
Moreover, children with a conflict relationship with a teacher
had higher levels of subsequent hyperactivity (Runions, 2014),
while students with good teacher–student relationship quality
had lower levels of hyperactivity (Searle et al., 2013). An RCT
study also confirmed the effectiveness of intervention targeted at
teacher–student interactions on children’s hyperactive behaviors
(Vancraeyveldt et al., 2015). These findings do support initiatives
to train teachers in skills that will help them to reduce conflict and
promote closeness with their students. Such interventions may
be beneficial to the prevention of the development of children’s
hyperactivity development.

As far as we know, very few studies have concurrently
examined the nature of the influence of maternal TDP, paternal
TDP, and teacher’s TDP on children’s hyperactive behaviors;

this study was the first one to explore this issue. Consistent
with our hypotheses, compared to children with a non-TDP
mother, non-TDP father, and non-TDP teacher, those having
one parent with TDP, those having both a TDP father and a
TDP mother, those having a TDP mother and a TDP teacher,
and those having a TDP mother, a TDP father, and a TDP
teacher had higher risk of subsequent hyperactive behaviors.
The absolute OR was higher among the children with two or
more TDP caregivers compared with those with just one TDP
caregiver. This indicates the presence of a dose effect. Although
previous findings have indicated the association between parental
TDP and children’s hyperactive behaviors (He et al., 2019), the
present study additionally considered and found the influence of
combination effect of maternal TDP, paternal TDP, and teacher’s
TDP. These findings support Bronfenbrenner’s bioecological
model showing the potential interaction effect between parent
factors and teacher factors (Bronfenbrenner and Ceci, 1994).
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Moreover, some previous studies have given hints to these
combination effects. For example, a randomized control trial
found that ADHD children whose parents and teacher both
took part in the intervention experienced a stronger reduction
in hyperactive behaviors than in ADHD children whose parents
(but not teachers) took part in the program (Corkum et al.,
2005). Another randomized control trial also reported similar
results of a greater reduction in children’s ADHD symptoms
when both parents and teachers receive the intervention (Ostberg
and Rydell, 2012). Such findings indicated that maternal TDP,
paternal TDP and teachers’ TDP might combine together and
influence the children’s hyperactive behaviors, as demonstrated
by our study. This also support a dosage effect, in that being
exposed to a teacher with TDP by itself is not sufficient to cause
an effect, but when combined with exposure to a mother with
TDP, then the combined effect is stronger than exposure to
the mother alone.

In addition, our results showed that the children with a TDP
father and a TDP teacher, and the children with a TDP mother, a
TDP father, and a TDP teacher (baseline hyperactive children)
did not show higher risk to have hyperactive behaviors. These
results did not illustrate the combination effect of maternal TDP,
paternal TDP, and teacher’s TDP, which was insignificant. Though
our sample size was relatively large, the number of cases in
these two subgroups was no more than 12 cases, which may
lead to insufficient statistical power and prevent us to achieve
significant results.

Limitation and Future Research
While this study has some strengths such as being a prospective
study with a very large sample size of over 29,000 participants,
several limitations ought to also be considered. First, children’s
hyperactive behaviors were measured by parental report on
the Conners’ HI rather than clinical diagnosis. This was
due to the infeasibility to diagnosis by interviews or have
direct observations in such a large-scale survey. Instead, the
current study used the Conners’ HI, which has been widely
employed among preschoolers in epidemiologic research with
good validity (Heinonen et al., 2010; Zhu et al., 2015). Second,
the current study only measured the personality construct of
TDP and so it is not possible to generalize these findings to
other personality constructs. Given that there are associations
between the Big Five dimensions of personality and TDP
(De Fruyt and Denollet, 2002; Denollet, 2005), it would be
helpful to replicate this study to include measures of all six
dimensions of personality. This will allow the exploration of
the unique contributions of each personality dimension toward
hyperactive behaviors in children so as to identify the most
toxic personality dimensions. Third, we did not collect data on
parental mental health other than TDP. Collecting these data
would allow a more refined understanding of the relationship
between parental TDP and children’s hyperactive behaviors.
Fourth, the information of teacher–student relationships was
just measured in a subsample of the participants since it is
burdensome for the teacher to rate their relationships with each
student every year. Fifth, there may exist difference between
the respondents and those who did not, so some bias may

be introduced. Lastly, our sample was a community sample of
preschoolers rather than a clinical sample of older children.
Regarding that the problems of hyperactivity cannot be clearly
confirmed until older ages when development is stabilized, future
researches can be conducted within older children to further
confirm the hypotheses.

Given the findings of this study, there are a number
of research areas that need further clarification. Since the
prevalence of TDP may vary across culture (Bai, 2007; Grande
et al., 2010; Martin et al., 2010; Weng et al., 2013), it is
important to conduct cross-culture studies to explore the
potential influence of culture on these associations. In addition,
these findings underscored the importance of examining the
effect of the combination of maternal TDP, paternal TDP
and teacher’s TDP. This emphasizes the importance of future
studies collecting not only the familial information but also the
school factors to explore their combined effects on children’s
neurobehavioral development. Moreover, the results of this
study indicate a need for screening of TDP in parents rather
than teachers. Associated with this, the findings of the study
suggest that there may be a need to offer specific guidance (e.g.,
promoting positive rearing behaviors) to TDP parents. However,
consistent with a previous study (Vancraeyveldt et al., 2015),
our findings do support intervention targeted at establishing
positive teacher–student interaction, which may be beneficial
to the prevention of the development of children’s hyperactive
behaviors. Furthermore, future studies can explore the influence
of more other specific variables of teacher–student interaction
on children’s hyperactive behaviors, which may help to guide
the development of effective intervention to manage hyperactive
behaviors of preschoolers.

CONCLUSION

This is the first study to find evidence for the effect of
combination of teacher’s TDP, maternal TDP, and paternal TDP
on the subsequent hyperactive behaviors in young Chinese
children. Based on these findings, researchers may consider
the effect of combination of teacher’s TDP, maternal TDP,
and paternal TDP on hyperactive behaviors in children in
further studies.
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