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Abstract

Background Hormones are molecules that contribute significantly to mental and physical health due to their role
in emotion regulation (ER) processes. However, the role and effect of hormones on the ER has not yet been fully
elucidated. In this study, it was aimed to examine the salivary Brain-derived neurotrophic factor (BDNF) and cortisol
hormone response to support ERS in primary school students depending on some parameters.

Method This cross-sectional and correlational study was conducted in the Eastern Black Sea Region of Turkiye
between April 2023 and June 2023. In the sample selection, after the number of students was determined in
proportional stratification, the sample selection method was made by simple random selection from each class list,
first according to the school and then the grade level of each school. A total of 177 healthy students between the
ages of 8 and 10 who attended these schools, were allowed to participate in the research by their families, and were
volunteers, were included in the study. Data were collected using the Personal Information Form and the Emotion
Regulation Scale for Children and saliva collection cups. Human-specific Brain-derived neurotrophic factor ELISA Kit
(BT LAB, Cat.No E1302Hu, CHINA) for measuring BDNF levels in saliva; In measuring the level of cortisol hormone

in saliva, Human Cortisol ELISA Kit (BT LAB, Cat.No E 1 003Hu, CHINA) was used in accordance with the procedure
specified in the manufacturer’s catalogue. Data were evaluated using the SPSS 26.0 for Windows (SPSS, Chicago,

Il, USA) package program. Independent Samples Test and One-Way ANOVA test, correlation and Multiple Linear
Regression analysis were used to evaluate the data. P<.01 and p <.05 significance levels were used as statistical
significance values.

Results A statistically significant correlation was found between the mean total score of the Emotion Regulation
Skills Scale for Children and the mean level of salivary BDNF, and a negative correlation between the mean level of
salivary cortisol (p*0.01).

Conclusions Within the scope of the data obtained in our current study, BDNF levels were found to be high and
cortisol hormone levels to be low in children with high ERS.
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Introduction

Emotion regulation is a skill related to the ability of chil-
dren to be aware of their emotional lives, experience their
emotions at an intensity and time that they can cope
with, and adjust their emotional-based reactions accord-
ing to the environment [1]. Children who learn to regu-
late their emotions are better able to manage and recover
from trauma or adverse events. Children who have dif-
ficulties in controlling their emotions, on the other hand,
experience behavioral problems and anxiety, and this can
be reflected in children’s social competencies [2]. On the
other hand, many clinical (such as anxiety disorders, eat-
ing disorders, and clinical depression) and emotional and
behavioral disorders (such as emotional dysregulation
and oppositional defiant disorder) observed in children
are closely related to emotional regulation, or rather lack
thereof [3]. In this process, determining the emotional
regulation status of students is the duty of the school
administration, together with the teachers, and school
nurses, especially pediatric nurses, have an important
role in the success of primary school students in diagnos-
ing their health status and health risks.

Children’s capacity to regulate their reactions to sen-
sory and emotional stimuli depends on their brain devel-
opment. It has been reported that difficulties in children’s
ER are associated with minimal activity in the dorsal
systems of the cerebral cortex, such as the anterior cin-
gulate cortex [4]. Brain-derived neurotrophic factor
(BDNF) promotes neuronal growth and differentiation
during brain development and increases synaptic plastic-
ity and maintenance of neurons in adult life [5]. Although
BDNEF is related to ER, it has a role in the pathogenesis
of stress-related disorders [6]. BDNF levels can be mea-
sured in human saliva, serum, and plasma [7]. Cortisol
is a hormone that is released from the adrenal cortex in
response to stress and is known as the stress hormone.
While measuring cortisol concentration in saliva is
more traditional and common, sampling is simple, non-
invasive, and stress-free, whereas blood sampling can be
stressful and thus increase cortisol levels [8]. School-age
children also experience some problems as a result of
their relationships with themselves, their families, peers,
school and social environment. The situations that cause
stress in children such as the child’s personal character-
istics, intelligence level (being gifted or experiencing
mental retardation), chronic disease status, sociocul-
tural and socioeconomic factors vary. Although stress
is a natural reaction of the body in case of any danger
that needs to be adapted or reacted, it affects the emo-
tional control and mental health of the child and causes
the loss of ER abilities. ER includes the control of both

positive and negative emotions [9]. It is recommended to
continue studies to understand the effects of stress and
various situations related to students’ mental health (aca-
demic stress, adjustment disorders, addictions, etc.) on
salivary BDNF and cortisol levels [10]. It is important to
consider children with low ERS levels as the target group
for developing ERS and to develop training and counsel-
ing programs accordingly. In addition, it is thought that
examining ERS and BDNF and cortisol hormone levels
will contribute to nurses’ practices, programs and strat-
egies in providing effective nursing care and supporting
and improving the well-being of pediatric patients. Con-
sidering the health consequences of ERS in children, it is
thought that it will be a guide especially for school health
nursing, pediatric nursing and mental health nursing.

Nurses should focus on the emotional expressions of
the child they care for when planning care for children
with ER problems and applying interventions in line
with the planned care. Emotions expressed by children
are important and reliable for shaping care. Bowie’s [11]
study showed that children aged at least 5.5 years can
provide self-regulated information about strong emo-
tions, and this information may be more accurate than
adult observations. In this study, it is aimed to examine
children’s ERS and salivary BDNF and cortisol levels in
terms of some variables.

Methods

Study design and participant

This study was conducted in a cross-sectional and cor-
relational model with primary school students of dif-
ferent ages and genders studying in 5 primary schools
in a province located in the Eastern Black Sea Region of
Tiirkiye in the 2022-2023 academic year (N:39° 50" 20”;
E:42° 23’ 52"). Proportionately stratified random sample
selection was used to determine the sample group [12].
35 primary schools located in the city center were first
separated according to their socio-economic and socio-
cultural levels, and then 5 primary schools where the
research would be carried out were determined by simple
random selection. In the sample selection, after the num-
ber of students was determined by the proportional strat-
ified sample selection method according to the school
and then the grade level of each school, simple random
selection was made from each class list. A total of 177
students between the ages of 8-10, who attended these
schools, were allowed to participate in the research by
their families, and volunteered themselves, were included
in the study. Inclusion students, parents other than par-
ents (such as grandparents) and non-voluntary students
were excluded from the study.
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Procedure

The data were collected face-to-face with the Personal
Information Form and the Emotion Regulation Scale for
Children (CERS) in an average of 15 min. Saliva samples
were also collected from children. The procedure flow
chart is given in Fig. 1.

Part 1. collection of saliva samples from children

The children included in the study were told not to eat
anything 1 h before saliva collection, not to brush their
teeth, not to drink, to stay away from tryptophan-rich
diet products such as red meat, eggs, fish, nuts, seeds
and yoghurt, and to keep their mouths clean. They were
also asked to keep a detailed food diary 24 h before saliva
sample collection. Unstimulated saliva samples were col-
lected at a time period of 08:00 to 09:00 in the morning
using the passive salivation method in Salivette tubes
(Sarstedt, GERMANY) at 5 ml. After centrifuging at
1500 g for 15 min in a refrigerated centrifuge (NF 1200R,
NUVE, Ankara, TURKIYE) in the laboratory, saliva sam-
ples were kept at -80 °C until the analyzes for BDNF and
cortisol hormone levels were performed. Human-specific
Brain-derived neurotrophic factor ELISA Kit (BT LAB,
Cat.No E1302Hu, CHINA) for measuring BDNF levels
in saliva; In measuring the level of cortisol hormone in
saliva, Human Cortisol ELISA Kit (BT LAB, Cat.No E 1
003Hu, CHINA) was used in accordance with the proce-
dure specified in the manufacturer’s catalogue.

Part 2. evaluation of sociodemographic characteristics

The personal information form was created by the
researchers by examining the relevant literature. The
form questions the child’s sociodemographic characteris-
tics such as gender, age, income status, parents’ age, edu-
cation status, job status, and the child’s perceived school
success. According to the Ministry of National Educa-
tion’s Assessment and Evaluation Regulation published in
the Official Gazette dated September 9, 2023, and num-
bered 32,304, the assessment and evaluation processes in
primary schools have been restructured [13]. In this con-
text, the practice of exam hours in primary schools has
been abolished, and no short-term exams, such as those
featuring multiple-choice questions under the names of
readiness, screening, or similar, will be administered.
Instead of a results-oriented assessment and evaluation
approach, a process-oriented approach has been adopted.
Accordingly, assessment tools appropriate to the content
of the course will be used to continuously monitor the
social and academic development of students. To ensure
the ongoing tracking of students throughout the process,
individual feedback will be provided regarding incom-
plete and/or incorrect learning, and teaching-learning
processes will be managed accordingly. Additionally,
to determine students’ perceived levels of success, they
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were asked to self-assess and rate their performance as
“low;” “medium,” or “high” This method aimed to evaluate
students’ perceived levels of achievement, with the data
obtained being utilized to support individualized learn-
ing processes.

Part 3. evaluation of emotion regulation skills in children
Emotion Regulation Scale for Children (CERS) was vali-
dated and reliable in Turkish by Harmanci and Aytar [14].
It consists of 29 items related to four sub-dimensions:
Anger (9 items), Excitement (5 items), Fear (8 items) and
Sadness (7 items). The scale is in 4-point Likert type with
1 to 4 points as “Not at all suitable for me’, “Not suitable
for me’, “It is suitable for me” and “Completely suitable
for me” and comments are made on the total score. An
increase in the total score indicates an increase in the
level of ER. The Cronbach a coefficient for the entire
CERS was found to be 0.88. In the current study, the
Cronbach « coefficient for the entire CERS was found to
be 0.86.

Ethical considerations

The study was approved by the Bayburt University
Research Ethics Committee (Decision no: 2023 —139/5).
Before the data were collected by the researchers, par-
ents were informed about the study in accordance with
the Declaration of Helsinki and Informed consent was
obtained from the children’s parents and/or legal guard-
ians. Children who had parental permission and volun-
teered to participate in the study were briefly informed
and included in the study.

Statistical analysis

Data were evaluated using the SPSS 26.0 for Windows
(SPSS, Chicago, Il, USA) package program. Whether
the data were normally distributed or not was evaluated
by the Skewness and Kurtosis coefficients being in the
range of (-1) - (+1) [15]. Number, percentage, mean (M)
and standard deviation (SD) values for continuous vari-
ables were used for descriptive statistics. Parametric tests
were applied because the data were normally distributed.
Gabriel posthoc analysis was used in groups with homo-
geneous distribution, and Games-Howell was used in
groups that did not, to determine which group caused
the difference in more than two groups with equal group
variances. The Independent Samples Test and One-Way
ANOVA test were used to compare the descriptive char-
acteristics of the children with their scale scores, salivary
BDNF and cortisol levels. Whether there was a relation-
ship between the variables was evaluated with Pearson
correlation analysis. Multiple Linear Regression analysis
using the enter method was used to determine the rela-
tionship between dependent and independent variables.
Regression analysis results were shown with regression
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coefficient (B), coefficient of determination (R / R?),
goodness of model fit (F / t and p), and 95% confidence
interval. P<.01 and p <.05 significance levels were used as
statistical significance values.

Results

In the study, Emotion Regulation Scale for Children
(CERS) total mean score was 77.10 + 14.22, CERS-Anger
sub-dimension mean score was 24.59+5.16, CERS-
Excitement sub-dimension mean score was 12.05+3.97,
CERS-Fear sub-dimension mean score was 21.23 +5.06,
CERS-Sadness sub-dimension mean score was found as
19.22£4.55. A significant difference was found between
the CERS total score averages and the child’s perceived
school success, the educational status of the father
(p<.05). As a result of the post hoc analysis of the child’s
school success variable, the mean scores of the CERS
total scores were higher among children who perceived
their school success as moderate than those who per-
ceived their school success as low. It was found that chil-
dren who perceived their school success as good were
higher than children who perceived their school success
as low and moderate (Table 1).

A significant difference was found between the CERS-
Anger sub-dimension mean scores and the variables of
the child’s gender, the child’s perceived school success
and the father’s educational status (p<.05). As a result
of the post hoc analysis conducted in terms of the child’s
perceived school success variable determined that the
average scores of the CERS-Excitement subscale were
higher in those with good school success than those with
low and moderate school success (Table 1).

A significant difference was found between the mean
scores of the CERS-Excitement sub-dimension and the
variables of the child’s perceived school success and the
father’s educational status (p<.05). As a result of the
posthoc analysis conducted in terms of the child’s per-
ceived school success variable, it was determined that the
average scores of the CERS-Excitement subscale were
higher in those with good school success than those with
low and moderate school success. As a result of the post
hoc analysis made in terms of the father’s educational
status variable, it was determined that the mean scores
of the CERS-Excitement sub-dimension were higher for
those with university or higher education than those with
secondary school (Table 1).

A significant difference was found between the CERS-
Fear sub-dimension mean scores and the variable of the
child’s perceived school success (p <.05). As a result of the
posthoc analysis conducted in terms of the child’s per-
ceived school success variable, it was determined that the
CERS-Fear subscale mean scores were higher in those
with moderate or good school success than those with
low school success (Table 1).
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A significant difference was found between the CERS-
Sadness sub-dimension mean score and the variable of
the child’s perceived school success (p<.05). As a result
of the posthoc analysis conducted in terms of the child’s
perceived school success variable, it was determined
that the mean scores of the CERS-Sadness subscale were
higher in children who perceived their school success as
good than those who perceived their school success as
low (Table 1).

The mean salivary BDNF level in the study was found
to be 34.52+6.19 pg/mL. A significant difference was
found between the salivary BDNF level and the vari-
able of the child’s perceived school success (p<.05). As a
result of the post hoc analysis made regarding the child’s
perceived school success variable, saliva BDNF level was
higher in those with moderate and good school success
than those with low school success (Table 2).

The mean salivary cortisol level was 2.78 +0.49 pg/dL
in the study. A significant difference was found between
the average salivary cortisol level and the variables of the
child’s perceived school success and mother’s occupation
(p<.05). As a result of the posthoc analysis conducted in
terms of the child’s perceived school success variable, it
was found that the salivary cortisol level was higher in
children who perceived school success as low than in
children who perceived it as moderate and good. It was
found that children who perceived their school success
as moderate were higher than those who perceived their
school success as good (Table 2).

A positive, moderate and statistically significant cor-
relation was found between the mean CERS total score
and the salivary BDNF mean level (p“0.01). A negative,
weak and statistically significant correlation was found
between the mean CERS total score and the salivary cor-
tisol mean level (p“0.01) (Fig. 2) (Table 3).

A positive, moderate, and statistically significant cor-
relation was found between the mean scores of the
CERS-Anger subscales and the salivary BDNF mean
level (p°0.01). A negative, weak and statistically signifi-
cant correlation was found between the mean scores of
the CERS-Anger subscales and the mean salivary cortisol
level (p<0.01) (Table 3).

A positive, weak and statistically significant correlation
was found between the mean scores of the CERS-Excite-
ment sub-dimension and the salivary BDNF mean level
(p°0.01). A negative, weak and statistically significant
correlation was found between the mean scores of the
CERS-Excitement sub-dimension and the salivary corti-
sol mean level (p°0.01) (Table 3).

A positive, weak and statistically significant correlation
was found between the mean scores of the CERS-Fear
subscale and the salivary BDNF mean level (p“0.01). A
negative, weak and statistically significant correlation was
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Table 1 Comparison of scale and subscale scores with some variability (n=177)

Variables n (%) CERS-Total Score CERS-Anger CERS-Exciment CERS-Fear CERS-Sadness
(M/SD) (M/SD) (M/SD) (M/SD) (M/SD)

Average age of mothers: 36.12+4.744 Average age of fathers: 41.62+5.717

Gender

Female 89(50.3) 7825+13.92 2557+5.04 12.21+£4.00 21.04+5.08 1942+4.51

Male 88(49.7) 75.94+14.50 2360+5.13 11.89+3.96 2143+507 19.01+4.60
t=1.083 t=2.578 t=0.527 t=-0.507 t=0.606
p=280 p=.011*% p=599 p=613 p=545

Age year

8 61(34.5) 78.13+14.72 25.00+4.92 12.70+£3.85 21.72+£5.14 18.70+4.72

9 55(31.0) 7541+1445 24014547 11.50+3.90 20.92+4.88 18.96+4.04

10 61(34.5) 77.60+13.58 24.70£5.15 11.90+4.12 21.03+£5.19 19.96+4.77
F=0.581 F=0.541 F=1.384 F=0428 F=1.305
p=561 p=.583 p=.253 p=653 p=274

Child’s perceived school success

Low' 33(18.6) 65.96+14.90 19.96 £5.04 10.81£3.65 1824+4.77 16.93+4.84

Moderate? 55(31.1) 7592+12.37 24.58+4.54 11.29+4.13 21.32+4.58 18.72+4.07

Good® 89(50.3) 81.96+12.59 26.31+£452 12.98+3.80 22.29+507 20.37+£4.38
F=18.603° F=22.608" F=5.313¢ F=8.337¢ F=7.885¢
p=.000%* p=.000%* p=.006 p=.000%* p=.001%*

Mother educational status

Primary school 39(22.0) 73.05+15.40 23.79+£5.64 1143+£4.01 20.12+5.26 17.69+4.89

Middle school 36(20.3) 7558+14.23 23.11+£537 10.88+4.21 2141+£554 20.16+4.84

High school 37(20.9) 7845+14.10 25.16+£4.95 12.83+£3.79 21.08+5.17 19.37+£4.15

University and above 65(36.8) 7961+13.18 25.56+4.70 1263+3.79 21.89+459 19.52+4.25
F=2015 F=2268 F=2331 F=1.011 F=2.136
p=114 p=082 p=076 p=389 p=097

Mother’s job status

Housewife 140(79.1) 7643+14.15 24.28+5.06 11.87+£4.07 21.06+5.03 19.20+4.61

Officer/Worker 37(20.9) 79.64+14.39 2575+£544 12.72+£3.56 21.89+5.20 19.27+4.36
t=-1.224 t=-1.546 t=-1.159 t=-0.883 t=-0.075
p=223 p=.124 p=248 p=379 p=.940

Father educational status

Primary school' 26(14.7) 71.69+16.29 22.57+5.80 11.76 £3.92 20.19+5.26 17.15+£5.26

Middle school® 25(14.1) 7148+13.05 22.56+533 9.96+3.84 19.60£5.52 19.36+4.04

High school? 45(25.4) 79.37+13.19 25.73+4.09 12.51+4.20 22.00+4.62 19.13+4.15

University and above* 81(45.8) 79.32+13.70 2523+£5.16 12.54+3.74 21.65+5.02 19.88+4.54
F=3.767 F=3.945 F=3.066" F=1.784 F=2442
p=.012%* p=.009%* p=.029%* p=.152 p=.066

Father’s job status

Self-employment 49(27.6) 76.93+14.18 25.00+5.26 12.26+3.93 2136+4.75 18.30+4.96

Officer 47(26.6) 782941240 2534+453 11.95+3.84 21.17+555 19.82+4.25

Worker 81(45.8) 76.51+1531 2391+£541 11.98+4.11 21.19+5.01 1941+4.42
F=0235 F=1349 F=0.093 F=0.022 F=1497
p=790 p=262 p=911 p=978 p=227

*Independent T test **One-Way ANOVA *Gabriel=2>1,3>1,3>2, bGabriel=2>1,3> 1, “Gabriel=3>1,3>2, 9Gabriel=2>1,3> 1, *Gabriel=3>1,

fGabriel= 4>2

found between the mean score of CERS-Fear subscale
and the mean salivary cortisol level (p0.01) (Table 3).

A positive, weak and statistically significant correla-
tion was found between CERS-Sadness subscale mean
scores and salivary BDNF mean level (p“0.01). A negative,
weak and statistically significant correlation was found

between CERS-Sadness subscale mean scores and sali-
vary cortisol mean level (p“0.01). In addition, a negative,
strong and statistically significant correlation was found
between salivary BDNF and mean cortisol level (p“0.01)
(Table 3).
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Table 2 Comparison of BDNF, cortisol with some variability

(n=177)
Variables n (%) BDNF Kortizol
(M/SD) (M/SD)
Gender
Female 89(50.3) 3534+£555 2.78+048
Male 88(49.7)  3370+6.70  2.79+0.50
t=1.77 t=-0.104
p=.078 p=917
Age year
8 61(34.5) 3461+6.14 2.75+049
9 55(31.00 3428+632 280+051
10 61(34.5) 3466+6.21 2.80+049
F=0.063 F=0.193
p=939 p=.825
Child's perceived school success
Low' 33(186) 2479+219  343+038
Moderate? 55(31.1) 32.89+5.03 2.83+0.50
Good? 89(50.3) 39.14+0.79 252+0.23
F=285.282 F=76.213"
p=.000%*  p=.000**
Mother educational status
Primary school 39(220)  3540+6.03  283+0.56
Middle school 36(20.3) 33.59+06.84 2.86+048
High school 37(209)  3461+£625  276+047
University and above 65(36.8)  3447+593 2.73+047
F=0.536 F=0.625
p=.658 p=.600
Mother job status
Housewife 140(79.1) 34.28+6.32 2.83+048
Officer/Worker 37(209) 3543+£564 263051
t=-1.070 t=2.138
p=.289 p=.034*
Father educational status
Primary school’ 26(14.7)  3537+6.18 2.87+062
Middle school? 25(14.1)  3364+634  284+044
High school? 45(25.4) 35.16+£592 274+042
University and above” 81(458) 34.17+633  277+050
F=0.575 F=0530
p=632 p=662
Father’s job status
Self-employment 49(276)  36.15+560 2.71+048
Officer 47(26.6) 34.00+£6.30 2.86+048
Worker 81(458) 3384+635 278+051
F=2399 F=1.084
p=.075 p=.341

*Independent T test. **One-Way ANOVA. °Games-Howell=2>1, 3>1, 3>2,
bGames-Howell=1>2,1>3,2>3

In line with the literature, the relationship between
some parent and child variables and CERS and its sub-
dimensions was examined using a multiple linear regres-
sion model (Table 3). In the analysis of some variables of
parents and children, it was observed that there was a
significant model in the evaluation of goodness of model
fit (F/p) regression coefficients (R/R?) (p <.05). In the first
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model created for the dependent variable of the CERS,
it was found that 21.2% of the variance was explained
by the independent variables (R? adjusted=0.212),
and the father’s education level and the child’s school
achievement were found to be positive and statistically
significant predictors (p<.01). In the second model cre-
ated for the same dependent variable, it was found that
21.2% of the variance in the dependent variable of the
CERS was explained by the independent variables (R?
adjusted=0.212), and the father’s education level and
salivary BDNF level were statistically significant pre-
dictors detected (p<.01). 26.8% of the variance in the
CERS-Anger dependent variable was explained by the
independent variables (R? adjusted =0.268), the father’s
education level and the child’s school success were statis-
tically significant predictors (p<.01), the salivary cortisol
level and the child’s gender were negative. It was found
to be a statistically significant predictor in the direc-
tion (p<.05). It was found that 5.8% of the variance in
the CERS-Excitement dependent variable was explained
by the independent variables (R*> adjusted =0.058), and
it was a statistically significant positive predictor of the
child’s school achievement (p<.01). It was determined
that 10.0% of the variance in the CERS-Sadness depen-
dent variable was explained by the independent variables
(R? adjusted=0.100), and the educational status of the
father and the child’s school success were positive predic-
tors of statistical significance (p <.05) (Table 4).

Discussion

In our study, in which we aimed to examine children’s
ERS and salivary BDNF and cortisol levels in terms of
some variables, it was determined that children’s ERS
were affected by their school success, and the ERS of
children who reported good school success were found
to be higher than the others. On the other hand, the
same situation was determined for the feelings of anger,
excitement, fear and sadness, which are the sub-dimen-
sions of the scale. Anger regulation skills were found to
be higher in females. In terms of the father’s educational
status variable, it was determined that it affected the chil-
dren’s ability to regulate their sense of excitement, and
the children whose father’s education level was university
or higher were found to be at a higher level than those
with secondary school education. The results of our study
are consistent with the research results reported in the
literature [16, 17]. In a study conducted with preschool
children, it was reported that as the mother’s level of
education increases, the child’s emotion regulation skills
increase [18]. When the literature is examined, it is seen
that there are various findings indicating that the educa-
tion level of the mother and father does not make a dif-
ference [19], and that as the education level of the mother
and/or father increases, the child’s emotion regulation
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Fig. 2 Correlation relationship between BDNF, Cortisol and CERS
Table 3 Correlation relationship between scale and sub-dimension scores, BDNF, cortisol
Variables BDNF Kortisol CERS CERS-Anger CERS-Exciment CERS-Fear CERS-Sadness
Total Score
BDNF r 1
p
KORTISOL r —-0813" 1
p 0.000
CERS-Total Score r 0405 -0376" 1
p 0.000 0.000
CERS-Anger r 0412" —-0.393" 0.799" 1
p 0.000 0.000 0.000
CERS-Exciment r 0.248" —0.245 0.749" 0.545 1
p 0.001 0.001 0.000 0.000
CERS-Fear r 0.296" —0.260" 0.800" 0451 0.538" 1
p 0.000 0.000 0.000 0.000 0.000
CERS-Sadness r 0252" —0.225 0673 0.383" 0250 0404 1
p 0.001 0.003 0.000 0.000 0.001 0.000

* Correlation is significant at the 0.01 level (2-tailed)

increases [20, 21]. When children’s problem-solving skills
are examined, they differ from the results of the research
that gender and age do not make a significant difference
in children’s ERS [22, 23]. The difference in BDNF and
cortisol hormone levels according to ERS levels in chil-
dren is related to the physiological development of chil-
dren’s endocrine system and brain. On the other hand,
we predict that the the father’s educational status affects

his child’s ER performance and is shaped by the role of
BDNF and cortisol hormones on behavioral physiology.
A study showed that BDNF levels are an important mod-
erator of the relationship between childhood trauma and
emotion regulation [24].

Brain Derived Neurotrophic Factor (BDNF) is an
important neurotrophic factor that affects learning
and memory. BDNF is critical for short- and long-term
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Table 4 Regression analysis between some variables and scale, sub-dimensions

Scale Variables 95.0Cl

B SE B t p Lower Upper Model fit

CERS-Total Score (Constant) 77.158 10,661 - 6.581 0.000 49.116 91.201 Adj.R?=0212
Father's job status 2476 0.874 0.190 2.833 0.005 0.751 4201 F=16.79%
School achievement 5424 1.668 0.294 3252 0.001 2.132 8717
Kortisol -4.696 2.582 —0.164 -1.819 0.071 -9.791 0.400

CERS-Total Score (Constant) 34.805 6.106 - 5.700 0.000 22.753 46.857 Adj. R?=0.212
Father's job status 3.097 0.872 0.238 3.550 0.000 1375 4819 F=24.621
BDNF 0.954 0.154 0415 6.199 0.000 0.650 1.258

CERS-Exciment (Constant) 8.002 1192 - 6.714 0.000 5650 10.354 Adj.R2=0.058
School achievement 1.149 0379 0222 3.035 0.003 0402 1.896 F=6427
Father's job status 0461 0.267 0.127 1727 0.086 —0.066 0.988

CERS-Sadness (Constant) 13337 1333 - 10.004 0.000 10.706 15.969 Adj.R?=0.100
School achievement 1646 0424 0278 3.887 0.000 0810 2482 F=10.749
Father's job status 0685 0.299 0.164 2.294 0.023 0.096 1274

CERS-Anger (Constant) 24,954 3.951 - 6316 0.000 17.155 32.754 Adj.R?=0.268
Kortisol -1.943 0.897 -0.190 -2.166 0.032 3714 -0.172 F=17.056
Father's job status 0.924 0.303 0.198 3.048 0.003 0326 1522
School achievement 1987 0.585 0.300 3.398 0.001 0.833 3.142
Gender 1510 0667 -0.148 -2.265 0.025 -2.826 —~0.194

Adj.R% Adjusted R square; B: Partial regression coefficient; B: Standard partial regression coefficient; 95% Cl: 95% confidence interval

cognitive performance [25]. The role of BDNF in cogni-
tive performance is mediated through the tropomyosin-
related receptor kinase B (TrkB) pathway [26]. In line
with the findings of our study, it was determined that
salivary BDNF level was higher in children who reported
good school success. In comparison, salivary cortisol
levels were higher in children who reported low school
success. On the other hand, it was determined that the
salivary cortisol levels of children whose mothers were
working were lower than those whose mothers were
housewives.

Cortisol is a hormone that has a potential effect on cog-
nitive development [27]. Cortisol can lead to a decrease
in cognitive performance [28]. Michels et al. (2012) stud-
ied children’s salivary cortisol levels, which were found
to be associated with some adverse life events, emotions,
and difficulties [29]. In another study, salivary cortisol
level was found to be associated with the risk of behav-
ioral-psychosocial-emotional disorders in adolescents.
Likewise, salivary cortisol levels have been reported to
be associated with the risk of internalizing disorders,
externalizing disorders, and attention disorders in ado-
lescents [30]. The results of our study are consistent with
the research results reported in the literature [31, 32]. ER
skills in children are affected by a process in which inter-
nal and environmental variables, especially the endocrine
system, are involved. Depending on the increase in the
ERS levels of the children included in the study, while
the salivary BDNF level increased, the cortisol hormone
levels decreased, while the salivary BDNF levels were
decreased and the cortisol hormone levels increased in

the children whose ERS levels were decreased. The same
situation was determined in the results of anger, excite-
ment, fear and sadness, which are sub-dimensions of the
emotion regulation skills scale. In studies, higher BDNF
levels were associated with better cognitive performance
[31, 32], while higher cortisol levels were associated with
lower cognitive performance among young children [33].
It is thought that the reason for the difference in BDNF
and cortisol hormone levels according to ERS levels in
children is shaped by the difference in the physiologi-
cal development processes of the children’s endocrine
system and brain. According to the results of the study,
training on emotion regulation results in positive out-
comes [34-36]. Considering the health-related conse-
quences of ERS in children, it is thought that it will be a
guide especially for school health nursing, pediatric nurs-
ing and mental health nursing.

Limitations

This study had some limitations. First, self-report mea-
suring instruments were used in this study, which may
cause a kind of response bias. Second, the results can-
not be generalized to all students in Tiirkiye, since this
study was conducted in a province in the Eastern Black
Sea Region of Tirkiye. Despite these limitations, the
study also had strengths. This study is valuable because
it is the first study in which children’s ERS and salivary
BDNF and cortisol levels were investigated in terms of
some variables.
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Conclusion

Within the scope of the data obtained in our current
study, BDNF levels were determined to be high, and cor-
tisol hormone levels were determined to be low in chil-
dren with high ERS levels. In line with these results, it is
suggested that children with low ERS should be accepted
as the target group whose ERS should be improved edu-
cation, and counseling programs should be developed
in this direction. However, further research is needed to
explain the relationship between ER abilities and hor-
mone levels.

Acknowledgements
The authors thank the children for their contribution to the study.

Author contributions

Authors' Contribution Statements: B.B. and ZO.K. designed the study. B.B.
enabled BDNF and cortisol analysis to be performed. Z.OK. and EQ.A.
collected the data and performed the statistical analysis. All authors read and
approved the final manuscript.

Funding
No funding was received for this study.

Data availability
The corresponding author upon reasonable request will provide data
supporting the findings of this study.

Declarations

Ethics approval and consent to participate

The study was approved by the Bayburt University Research Ethics Committee
(Decision no: 2023 —139/5). Before the data were collected by the researchers,
parents were informed about the study in accordance with the Declaration of
Helsinki and Informed consent was obtained from the children’s parents and/
or legal guardians. Children who had parental permission and volunteered to

participate in the study were briefly informed and included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Nursing, Bayburt University Faculty of Health Sciences,
Bayburt 69000, Turkiye

’Department of Physiotherapy and Rehabilitation, Bayburt University
Faculty of Health Sciences, Bayburt, Turkiye

*Department of Midwifery, Bayburt University Faculty of Health Sciences,
Bayburt, Turkiye

Received: 18 October 2023 / Accepted: 7 March 2025
Published online: 25 March 2025

References

1. LaFreniere P. Children's play as a context for managing physiological arousal
and learning emotion regulation. Psihologijske Teme. 2013,;22(2):183-204.

2. Macklem GL. Practitioner’s guide to emotion regulation in school-aged
children. New York: Springer; 2008.

3. Buckholdt KE, Parra GR, Jobe-Shields L. Intergenerational transmission of
emotion dysregulation through parental invalidation of emotions: implica-
tions for adolescent internalizing and externalizing behaviors. J Child Fam
Stud. 2014;23:324-32. https://doi.org/10.1007/510826-013-9768-4

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 10 of 11

Granic |, Meusel LA, Lamm C, Woltering S, Lewis MD. Emotion regulation in
children with behavior problems: linking behavioral and brain processes. Dev
Psychopathol. 2012;24(3):1019-29. https://doi.org/10.1017/509545794 12000
51X

Nuernberg GL, Aguiar B, Bristot G, Fleck MP, Rocha NS. Brain-derived neuro-
trophic factor increase during treatment in severe mental illness inpatients.
Translational Psychiatry. 2016;6(12):e985. https://doi.org/10.1038/tp.2016.227
Duman RS, Monteggia LM. A neurotrophic model for stress-related mood
disorders. Biol Psychiatry. 2006;59(12):1116-27. https://doi.org/10.1016/j.biop
sych.2006.02.013

Mandel AL, Ozdener H, Utermohlen V. Identification of pro- and mature
brain-derived neurotrophic factor in human saliva. Arch Oral Biol.
2009;54(7):689-95. https://doi.org/10.1016/j.archoralbio.2009.04.005

Blair J, Adaway J, Keevil B, Ross R. Salivary cortisol and cortisone in the clinical
setting. Curr Opin Endocrinol Diabetes Obes. 2017,24(3):161-8. https://doi.or
9/10.1097/MED.0000000000000328

Wang M, Saudino KJ. Emotion regulation and stress. J Adult Dev. 2011;18:95-
103. https://doi.org/10.1007/510804-010-9114-7

Castillo-Navarrete JL, Guzmén-Castillo A, Bustos C, Rojas R. Peripheral brain-
derived neurotrophic factor (BDNF) and salivary cortisol levels in college
students with different levels of academic stress. Study protocol. PLoS ONE.
2023;22(2):18. https://doi.org/10.1371/journal.pone.0282007

Bowie BH. Emotion regulation related to children’s future externalizing and
internalizing behaviors. J Child Adolesc Psychiatric Nurs. 2010;23(2):74-83. htt
ps://doi.org/10.1111/.1744-6171.2010.00226 x

Johnson B, Christensen L, Demir SB. Trans.). Educational Book. 2014.

Ministry of National Education Measurement and Evaluation Regulation. http
s//www.resmigazete.gov.tr/eskiler/2023/09/20230909-2.htm

Harmanci ST, Aytar AG. Study of Turkish adaption of the emotion regulation
scale for children child form (CERS-CF) and adult form (CERS-AF). J Natl Educ.
2023;52(237):71-106.

Hair JF, Black WC, Babin BJ, Anderson RE, Tatham RL. Multivariate data analysis.
Pearson Education Limited. 2013.

Liman B.The effect of 66-77 months old preschool children’s sex and paren-
tal education levels on emotion recognition and emotion regulation skills.
Turkish J Social Stud. 2020;24(1):209-22.

Kaur A, Kailash SZ, Sureshkumar K, Sivabackiya C, Rumaisa N. Gender differ-
ences in emotional regulation capacity among the general population. Int
Archives Integr Med. 2022,9(1):22-8.

Bozkurt Yikel S, Demircioglu H. Examination of the emotion regulation skills
of preschool children in terms of various variables. Mehmet Akif Ersoy Univ
Fac Educ J. 2017;44:442-66.

Gelgor FZ. The relationship between parental acceptance-rejection and con-
trol perceived by mother, father and child and the child’s emotion regulation
skills. Master’s thesis, Hasan Kalyoncu University, Turkiye. 2016.

Goodman WB, Crouter AC, Lanza ST, Cox MJ, Vernon-Feagans L. Paternal work
stress and latent profiles of father-infant parenting quality. J Marriage Family.
2011,73(3):588-604.

Karaaslan UK. The effects of pre-school education and other variables on the
skills of primary school 1st grade students to recognize and express emo-
tions. Master’s thesis, Selcuk University, Turkiye. 2012.

Eisenhower AS, Baker BL, Blacher J. Early student-teacher relationships of
children with and without intellectual disability: contributions of behavioral,
social, and self-requlatory competence. J Sch Psychol. 2007;45(4):363-83. htt
ps://doi.org/10.1016/},jsp.2006.10.002

Yilmaz H, Zembat R. An evaluation on preschool children’s emotion regula-
tion skills and teacher-child relationship. Ondokuz Mayis Univ J Educ Fac.
2023;42(1):323-58. https://doi.org/10.7822/omuefd.1252629

Bilc MI, Vulturar R, Chis A, Buciuman M, Nutu D, Bunea |, Szentagotai-Tatar A,
Miu AC. Childhood trauma and emotion regulation: the moderator role of
BDNF Val66Met. Neurosci Lett. 2018;15:685:7-11. https://doi.org/10.1016/j.ne
ulet.2018.07.018

Miranda M, Morici JF, Zanoni MB, Bekinschtein P. Brain-derived neurotrophic
factor: a key molecule for memory in the healthy and the pathological brain.
Front Cell Neurosci. 2019;13:472800.

Guo W, Nagappan G, Lu B. Differential effects of transient and sustained
activation of BDNF-TrkB signaling. Dev Neurobiol. 2018;78(7):647-59.

Wolf OT. Stress and memory in humans: twelve years of progress? Brain Res.
2009;1293:142-54. https://doi.org/10.1016/j.brainres.2009.04.013

Newcomer JW, Selke G, Melson AK, Hershey T, Craft S, Richards K, Alder-

son AL. Decreased memory performance in healthy humans induced by


https://doi.org/10.1007/s10826-013-9768-4
https://doi.org/10.1017/S095457941200051X
https://doi.org/10.1017/S095457941200051X
https://doi.org/10.1038/tp.2016.227
https://doi.org/10.1016/j.biopsych.2006.02.013
https://doi.org/10.1016/j.biopsych.2006.02.013
https://doi.org/10.1016/j.archoralbio.2009.04.005
https://doi.org/10.1097/MED.0000000000000328
https://doi.org/10.1097/MED.0000000000000328
https://doi.org/10.1007/s10804-010-9114-7
https://doi.org/10.1371/journal.pone.0282007
https://doi.org/10.1111/j.1744-6171.2010.00226.x
https://doi.org/10.1111/j.1744-6171.2010.00226.x
https://www.resmigazete.gov.tr/eskiler/2023/09/20230909-2.htm
https://www.resmigazete.gov.tr/eskiler/2023/09/20230909-2.htm
https://doi.org/10.1016/j.jsp.2006.10.002
https://doi.org/10.1016/j.jsp.2006.10.002
https://doi.org/10.7822/omuefd.1252629
https://doi.org/10.1016/j.neulet.2018.07.018
https://doi.org/10.1016/j.neulet.2018.07.018
https://doi.org/10.1016/j.brainres.2009.04.013

Kirbas et al. BMC Pediatrics

29.

30.

31.

32.

(2025) 25:230

stress-level cortisol treatment. Arch Gen Psychiatry. 1999;56(6):527-33. https:/
/doi.org/10.1001/archpsyc.56.6.527

Michels N, Sioen I, Huybrechts I, Bammann K, Vanaelst B, De Vriendt T, laco-
viello L, Konstabel K, Ahrens W, De Henauw S. Negative life events, emotions
and psychological difficulties as determinants of salivary cortisol in Belgian
primary school children. Psychoneuroendocrinology. 2012,37(9):1506-15. htt
ps://doi.org/10.1016/j.psyneuen

Sanjaya A, Irwanto, Irmawati M, Suryawan A, Athiyyah AF, Lestari H. The
relationship between salivary cortisol levels with risk of behavioral-psycho-
social-emotional disorders in adolescents aged 12-16 years. Bali Med J.
2023;12(2):1451-8. https://doi.org/10.15562/bmjv12i2.4472

Croll SD, Ip NY, Lindsay RM, Wiegand SJ. Expression of BDNF and TrkB as a
function of age and cognitive performance. Brain Res. 1998;812(1-2):200-8. h
ttps://doi.org/10.1016/50006-8993(98)00993-7

Piepmeier AT, Etnier JL. Brain-derived neurotrophic factor (BDNF) as a poten-
tial mechanism of the effects of acute exercise on cognitive performance. J
Sport Health Sci. 2015;4(1):14-23. https://doi.org/10.1016/jjshs.2014.11.001

34.

35.

36.

Page 11 of 11

Suor JH, Sturge-Apple ML, Davies PT, Cicchetti D, Manning LG. Tracing dif-
ferential pathways of risk: associations among family adversity, cortisol, and
cognitive functioning in childhood. Child Dev. 2015;86(4):1142-58. https://do
i.0org/10.1111/cdev.12376

Vatan S. Investigation of the effect of affect regulation training on emotion
regulation skills in Turkey. Anatol J Psychiatry. 2020;21(4):396-402.

Berking M, Wupperman P. Emotion regulation and health: state of the Art.
Curr Opin Psychiatry. 2012,25:128-34.

Berking M, Whitley B. Affect regulation training. A practitioner’s model. New
York, Heidelberg, Dordrecht, London: Springer. 2014.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1001/archpsyc.56.6.527
https://doi.org/10.1001/archpsyc.56.6.527
https://doi.org/10.1016/j.psyneuen
https://doi.org/10.1016/j.psyneuen
https://doi.org/10.15562/bmj.v12i2.4472
https://doi.org/10.1016/s0006-8993(98)00993-7
https://doi.org/10.1016/s0006-8993(98)00993-7
https://doi.org/10.1016/j.jshs.2014.11.001
https://doi.org/10.1111/cdev.12376
https://doi.org/10.1111/cdev.12376

	﻿Emotion regulation skills, brain-derived neurotrophic factor, cortisol hormone levels in primary school students in Türkiye: a cross-sectional and correlational analysis study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and participant
	﻿Procedure
	﻿Part 1. collection of saliva samples from children
	﻿Part 2. evaluation of sociodemographic characteristics
	﻿Part 3. evaluation of emotion regulation skills in children


	﻿Ethical considerations
	﻿Statistical analysis
	﻿Results
	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


