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Abstract: The main aim of this study was to explore the association between overweight/obesity
and executive control (EC) in young adults, and to further analyze the mediating effect of brain-
derived neurotrophic factor (BDNF) and serotonin (5-hydroxytryptamine (5-HT)) on the relationship
between overweight/obesity and EC. A total of 449 college students aged between 18 and 20 years
were recruited for the study between March and December 2019. Their height and weight were
then measured professionally. Subsequently, body mass index (BMI) was calculated as weight
(kg) divided by the square of height (m). The EC of the participants was then estimated using the
Flanker task, while their serum BDNF levels and 5-HT levels were measured using an enzyme-linked
immunosorbent assay (ELISA) kit. Finally, the multiple intermediary models in SPSS were used to
analyze the mediating effect of 5-HT and BDNF between overweight/obesity and EC. The result
show that the overweight/obesity of college students was positively correlated with the response of
EC (p ≤ 0.005). However, it was negatively correlated with BDNF (p ≤ 0.05) and 5-HT (p ≤ 0.05).
Moreover, BDNF (p ≤ 0.001) and 5-HT (p ≤ 0.001) were negatively correlated with the response
of EC. The BDNF level played a partial mediating role between overweight/obesity and EC that
accounted for 7.30% of the total effect value. Similarly, the 5-HT of college students played a partial
mediating role between overweight/obesity and EC that accounted for 8.76% of the total effect value.
Gender and age had no regulatory effect on the relationship between overweight/obesity, BDNF,
5-HT, and EC. This study provides the evidence that 5-HT and BDNF mediated the association
between overweight/obesity and executive control. It is indicated that 5-HT and BDNF might be the
biological pathways underpinning the link between overweight/obesity and executive control.
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1. Introduction

By 2017, about 2.2 billion people were overweight (body mass index (BMI) ≥24) in
the world, accounting for about one third of the global population, of whom about 712 mil-
lion people (10% of the global population) were obese (BMI ≥28) people [1,2]. A recent
study on the physical health of Chinese college students reported that the overweight
and obesity rates were increasing yearly among the college students [3]. Remarkably,
overweight/obesity in early adulthood are associated with higher risks of cardiovascular
disease in late life [4,5], and it also negatively affects academic performance [6–8] and exec-
utive control (EC), becoming evident in accelerated cognitive decline and brain atrophy in
later years [9,10]. Executive control plays a pivotal role in executive functions [11]. There
are many neuropsychological paradigms can measure the performance of executive control
including the Flanker task, Stroop task, and Go/No go task [12]. A previous study reported
that poor development of EC leads to abnormal cognitive, emotional, and social functions
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in individuals, thereby adversely affecting their social achievements in adulthood [13].
Therefore, most researchers focus on the relationship between overweight/obesity and
EC, with their findings suggesting that there are different mechanisms through which
over-weight/obesity affects EC, and most of the research is related to the neural mecha-
nism [14,15]. Recently, increasing attention has been focused on the biological pathway
between the overweight/obesity on EC [16] and, as biogenic regulator factors, serotonin
(5-hydroxytryptamine (5-HT)) and brain-derived neurotrophic factor (BDNF) have been
studied extensively [17].

Within the brain 5-HT is widely distributed because it is an important neurotransmitter
whose corresponding signal pathway participates in the physiological activities of the
brain [18]. This makes it have a profound impact on EC [19–21]. It was additionally found
that overweight/obesity can reduce 5-HT production. The disruption of the energy balance
due to excess caloric intake and reduced energy consumption cause onset of metabolic
disorders, leading to decreased 5-HT levels [22–26]. At the same time, many scholars use
functional magnetic resonance imaging (fMRI) technology to show the acute influence that
the drug regulating the 5-HT system has on brain activation in the process of individual
participation in EC. Their results have shown that the regulation associated with EC is
probably due to a large amount of serotonergic projection from the raphe nucleus to the
basal ganglia, which clearly supports the influence of 5-HT on EC [27,28].

Based on the available scientific evidence, we proposed the first hypotheses: 5-HT can
be used as an intermediary variable for the effect of overweight/obesity on EC.

Brain-derived neurotrophic factor (BDNF) is the richest neurotrophic factor in the body,
which plays its role through binding to TrkB [29]. The cascade reaction between BDNF
and the activation of TrkB, and its downstream signals is very important for cognitive
function [30]. A previous study reported that a low level of BDNF is associated with
cognitive impairment [31]. Notably, the improvement of EC ability is usually accompanied
by the increase of BDNF levels [32,33]. Overweight/obesity not only affects 5-HT; it also
affects BDNF, as suggested by the observation that people with obesity have low circulating
levels of BDNF [34–37].

Based on the available scientific evidence, we proposed the second hypotheses: BDNF
can be used as an intermediary variable for the effect of overweight/obesity on EC.

Accumulating evidence postulates that adolescents with higher BMI have a lower
ability to suppress interference information unrelated to task [38]. They also have lower
than normal levels of BDNF and 5-HT in peripheral blood [39,40]. Several previous studies
have reported that an individual’s 5-HT and BDNF levels are affected by body fat [41,42],
and the performance of the EC [43,44]. Along the same lines, overweight/obesity can
directly affect the performance of the EC [45,46]. These reports suggest that the four factors
are correlated with each other. It is worth noting that both 5-HT and BDNF belong to
the molecular biological level, constituting common intracellular signaling pathways and
transcription factors, BDNF control over the development and function of 5-HT, as well as
5-HT regulation of BDNF expression and signaling [47]. In this study, we hypothesized
that the related 5-HT and BDNF levels play an intermediary role in the influence of
overweight/obesity on EC.

Based on the available scientific evidence, we proposed the final hypotheses: Both
5-HT and BDNF are used as intermediary variables for the effect of overweight/obesity on
EC to construct a multiple intermediary mode.

The present study, therefore, examined whether 5-HT and BDNF mediates the asso-
ciation between overweight/obesity and EC. Drawing on literature showing that over-
weight/obesity is associated with EC, and 5-HT and BDNF are related to overweight/obesity
and EC, we hypothesized that 5-HT and BDNF would mediate the association between
overweight/obesity and EC.
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2. Materials and Methods
2.1. Participants

A total of 449 freshmen from 19–20 years old from the university with similar so-
ciocultural environments and following a common prescribed syllabus and examination
evaluation pattern were invited to participate in this study during the period of March
and December 2019. Students with any acute or chronic health problems, such as diabetes,
cardiovascular diseases, infections, asthma, malabsorption, physical disability, muscu-
loskeletal disorders, mental disabilities, and/or concentration problems were excluded
from the study. Also, they completed a set of questionnaires about the history of hered-
itary disease or misuse of drugs and general intelligence (Raven’s Standard Progressive
Matrices, SPM). Parents (of the included students) and students were told the purpose of
study and were required to give written informed consent prior to their joining the project.
Our pooled dataset eventually included 449 samples. Table 1 outlines the demographic
characteristics of these participants.

Table 1. General characteristics of participants based on gender (M ± SD).

Male (n = 239) Female (n = 210) Total (n = 449) t Cohen’ s d

Age (year) 20.11 ± 6.28 19.41 ± 2.03 19.78 ± 4.79 −1.57 0.15
Height (cm) 172.78 ± 5.81 161.11 ± 5.17 167.32 ± 8.02 −22.36 2.12
Weight (kg) 68.77 ± 12.20 57.62 ± 9.56 63.56 ± 12.36 −10.84 * 1.01

BMI (kg/m2) 23.02 ± 3.79 22.21 ± 3.55 22.64 ± 3.70 −2.40 0.22
Serum 5-HT (ng/mL) 557.61 ± 139.05 535.93 ± 157.94 547.47 ± 148.41 −1.55 0.15
Serum BDNF (ng/mL) 6.29 ± 1.32 6.56 ± 1.48 6.414 ± 1.40 2.08 −0.20

Consistent ACC (%) 0.92 ± 0.13 0.91 ± 0.17 0.91 ± 0.15 −0.58 0.06
Consistent RT (ms) 504.49 ± 88.65 522.26 ± 101.43 215.80 ± 95.15 1.98 −0.19

Inconsistent ACC (%) 0.90 ± 0.15 0.89 ± 0.18 0.90 ± 0.16 −0.44 0.04
Inconsistent RT (ms) 503.07 ± 71.25 510.24 ± 74.80 506.43 ± 72.94 1.04 −0.10

Overweight 50 39 89
Obesity 26 13 39

A total sample size of n = 449 was included in the analysis. Descriptive data are presented as means (M) and
standard deviations (SD). 5-HT: Serotonin, BDNF: Brain-derived Neurotrophic Factor, BMI: Body Mass Index,
ACC: Accuracy, RT: Reaction Time. * Denotes statistical significance at p ≤ 0.05.

2.2. Somatometry Measurement

The height and weight of all participants were measured using a tape measure and
an electronic scale. Overweight/obesity was then calculated by dividing the weight (in
kilograms) by height (in meters squared). Overweight and obesity scores were based
on the data obtained from a large-scale survey conducted on the Chinese population
in 2003 which reported that the limited judging of overweight and obesity in Chinese
adults was BMI ≥24 kg/m2 = overweight and BMI ≥28 kg/m2 = obesity [48]. Our results
indicated that 50 boys were overweight and 26 were obese, while 39 girls were overweight
and 13 were obese.

2.3. Flanker Task

The Flanker task is one of the most common procedures to assess EC. The executive
control measurement tool developed by Chen et al. [49] was adopted and the measurement
process completed on a computer. Furthermore, all the programs were realized using the
E-prime1.1 system, while the flanker experimental paradigm was used for measurement.
Based on the findings of peer experts, the task has proved to be highly reliable and valid in
the measurement of college students’ EC. At the beginning of the experimental session,
participants performed a practice trial of the flanker task to familiarize themselves with
the experimental task and to ensure correct task performance. In addition, prior to the
formal task, all participants practiced the trials multiple times until individual accuracy
(percent correct) reached 80%. As a result, it was difficult to obtain a significant difference
in accuracy. In early adulthood, cognitive abilities are firmly established, therefore, the
consistent task was relatively easy for this age group. The task is based on the theory that states:
‘the smaller the inconsistent reaction time (Inconsistent RT) indicate the better the ability of execution
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control” [50]. The E-Prime program was used to display an arranged simulation task. All
participants completed the Flanker task test in a quiet, spacious, and bright environment.

2.4. Brain-Derived Neurotrophic Factor (BDNF) and 5-Hydroxytryptamine (5-HT) Analysis

Blood samples were collected from the participants’ antecubital vein into a serum
separator tube between 7.45 and 8.00 a.m. and left to stand for 30 min to clot. The blood
was then centrifuged at 1000× g for 30 min in order to separate it into its components.
Subsequently, serum samples were collected and aliquots stored at −80 ◦C awaiting
analysis. According to the manufacturer’s instructions, BDNF levels and 5-HT were
measured by enzyme-linked immunosorbent assay (ELISA) kit. The absorbance of the
serum samples was then measured within 30 min using a microplate reader set at a
wavelength of 450 nm in order to determine the concentration of 5-HT and BDNF based on
a standard curve. All assays were performed in duplicates and the obtained mean values
were used for subsequent analysis.

2.5. Statistical Analysis

All statistical analyses were done using the SPSS statistical software version 22.0
(SPSS Inc., Chicago, IL, USA). Data were presented as means, standard deviations, or
relative frequencies (n, %). Means, standard deviations, and errors were calculated for
overweight/obesity, EC, and serum 5-HT and BDNF levels for descriptive purposes. In
addition, Pearson’s correlation coefficients were measured to examine the relationships
among the serum 5-HT levels, BDNF levels, overweight/obesity, and the scores of the
Flanker task for all the participants. Significance was defined as a p-value less than or equal
to 0.05 for all inferential statistical analyses.

A mediation analysis was then performed using overweight/obesity as the predictor
variable (X), and BDNF, 5-HT (M), and EC as the outcome variables (Y) in order to directly
test the presence of an indirect effect of overweight/obesity on EC through BDNF and 5-HT.
A bootstrapping approach, as implemented in the SPSS macro PROCESS, was applied
(http://www.processmacro.org accessed on 2 March 2021) for this analysis step because it
has been shown to provide reliable results in previous neuroimaging research [51–53]. In
the bootstrapping approach, PROCESS was used to estimate the direct and indirect effects
between defined sets of variables by applying an ordinary least squares path analytic
framework. Inference of indirect (mediated) effects was subsequently assessed using
bootstrap confidence intervals (CI). Significance of indirect effects was assumed if the 95%
confidence interval (95%-CI) did not include a zero. The number of bootstrap samples was
set to n = 5000, and unstandardized regression coefficients (coeff ) and standard errors (SE)
were presented for each effect. Mediation analyses were also repeated using standardized
(z-trans formed) variables in order to obtain standardized regression coefficients (Std coeff ).
This was done to enhance comparability with the existing literatures. In line with all other
analyses’ steps, the mediation analysis was first conducted without any covariates and
then repeated using age and gender as nuisance regressors in the model.

2.6. Procedure

Volunteers were orally explained the venipuncture process, and then asked to eat a
daily diet before the study and to refrain from drinking alcohol for 24 h prior to the study.
Four mL of overnight fasting venous blood sample was then collected in the morning
and used to determine the serotonin levels of the volunteers. The next day after blood
was drawn, an anthropometric measurement was performed, and then the participant
completed the Flanker task for 10 to 20 min.

3. Results
3.1. Descriptive Results, Demographics, and Physiological Variables

The descriptive characteristics of the participants are displayed in Table 1. The inde-
pendent sample t-test was used to analyze differences in height, weight, BMI, 5-HT, BDNF,

http://www.processmacro.org
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and EC performance of college students based on gender. The obtained results indicated
that there were significant differences in weight (p ≤ 0.05, Cohen’s d = 1.01) between males
and females. However, there were insignificant differences in overweight/obesity (p > 0.05,
Cohen’s d = 0.22), EC (p > 0.05, Cohen’s d = −0.10), BDNF (p > 0.05, Cohen’s d = −0.20), and
5-HT (p > 0.05, Cohen’s d = 0.15) between the two genders (Table 1). Therefore, gender
differences were not included in the analysis conducted in this study, and gender was not
taken as a regulatory variable in the construction of multiple mediation models.

3.2. Behavioral Correlation Analysis of Overweight/Obesity, BDNF, 5-HT and Executive Control
(EC) of College Students

Behavioral correlation analysis between the variables was performed using Pearson
correlation analysis (Figure 1). The overweight/obesity of college students was positively
correlated with the response of EC (r = 0.13, p ≤ 0.01). However, it was negatively correlated
with BDNF (r = −0.10, p ≤ 0.05) and 5-HT (r = −0.11, p ≤ 0.05). Along the same lines,
BDNF (r = −0.15, p ≤ 0.001) and 5-HT (r = −0.16, p ≤ 0.001) were negatively correlated
with the EC, while BDNF was positively correlated with 5-HT (r = 0.41, p ≤ 0.001).
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Figure 1. (A) BMI was negatively correlated with BDNF; (B) BMI was negatively correlated with
5-HT; (C) BMI was positively correlated with Flanker; (D) Flanker was negatively correlated with
BDNF; (E) Flanker was negatively correlated with 5-HT; and (F) BDNF was positively correlated
with 5-HT. 5-HT: Serotonin, BDNF: Brain-derived Neurotrophic Factor, BMI: Body Mass Index,
Inconsistent RT: inconsistent reaction time. * Denotes statistical significance at p ≤ 0.05. ** Denotes
statistical significance at p ≤ 0.01. *** Denotes statistical significance at p ≤ 0.001.

3.3. Mediation Role of 5-HT and BDNF between Overweight/Obesity and Overweight/Obesity

The multiple mediation analysis showed that the overall impact of overweight/obesity
on EC was significant (B = 0.14, p ≤ 0.05) (Table 2). In addition, the specific indirect effect
mediators of X on Y are listed in Table 2. With respect to the specific direct effect of each
proposed mediator between overweight/obesity and EC, 5-HT (B = −0.10, p ≤ 0.05) and
BDNF (B = −0.11, p ≤ 0.05) were significant.

Moreover, both the upper and lower bounds of the bootstrap 95% confidence interval
of the direct effect of overweight/obesity on EC and BDNF’s mediating effect with 5-HT
did not contain a 0 (Table 3; Figure 2). This indicated that overweight/obesity could directly
predict the EC and also through BDNF’s mediating effect with 5-HT (Table 3). The results
indicated that the direct effect of overweight/obesity accounted for 83.94%, the mediating
effect of 5-HT accounted for 8.76%, and the mediating effect of BDNF accounted for 7.30%.



Life 2021, 11, 313 6 of 11

Table 2. Regression analysis of variable relations in the model.

R R-sq F B t

Inconsistent RT

BMI

0.23 0.05 4.90

0.12 * 2.45
5-HT −0.10 * −1.97
BDNF −0.11 * −2.07

Gender 0.13 1.32
Years −0.01 −0.68

5-HT
BMI

0.14 0.02 3.03
−0.119 −2.53

Gender −0.17 −1.78
Years 0.00 0.47

BDNF
BMI

0.14 0.02 2.83
−0.09 * −1.98

Gender 0.18 1.88
Years 0.00 0.41

Inconsistent RT
BMI

0.15 0.02 3.42
0.14 ** 2.91

Gender 0.12 1.30
Years −0.01 −0.76

All variables in the model are substituted into the regression equation by the standardized variables. 5-HT:
Serotonin, BDNF: Brain-derived Neurotrophic Factor, BMI: Body Mass Index, RT: Reaction Time. * Denotes
statistical significance at p ≤ 0.05. ** Denotes statistical significance at p ≤ 0.01.

Table 3. Mediating effect analysis.

Effect Boot SE Boot LLCI Boot ULCI Proportion

Direct effect 0.12 0.05 0.02 0.21 83.94%

Indirect effect
5-HT 0.01 0.01 0.01 × 10−2 0.03 8.76%
BDNF 0.01 0.01 0.07 × 10−2 0.02 7.30%

Total effect 0.14 0.05 0.04 × 10−2 0.23 100%
5-HT: Serotonin, BDNF: Brain-derived Neurotrophic Factor, SE: standard error, LLCI, ULCI: lower and upper
levels for confidence interval. Boot SE, Boot LLCI, and Boot ULCI estimate the standard error of indirect effect,
and the lower and upper limit of 95% confidence interval using the percentile bootstrap method with deviation
correction, respectively.
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Further studies will be required to reveal the interrelationship between the 4 parame-
ters (overweight/obesity, EC, 5-HT and BDNF), and the approach of Preacher and Hayes
(2004) was used to test the saliency of the indirect effects [32]. In the model (Figure 2),
5-HT and BDNF were defined of the relationship between overweight/obesity and EC as
mediators. A significant pathway between overweight/obesity and EC resulted.
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4. Discussion

The results obtained in this study indicated that 5-HT and BDNF were significant
mediators in the link between overweight/obesity and EC, which validated our hypothe-
sis [54–56].

This study found that the higher the BMI, the lower the EC performance, indicating
that obesity has a significant negative predictive effect on the EC of individuals with
college students. The direct effect size was 83.94%. Previous studies on the relationship
between obesity and duration of sedentary behaviors showed that obese people tend
to have a longer sitting time and lower levels of aerobic fitness [57]. Meanwhile, the
findings also indicate that lower aerobic fitness and sedentary behavior are related to
inferior executive control [58,59]. Therefore, the damage of EC performance attributed
to overweight/obesity can be counteracted by having high levels of aerobic fitness and
changed sedentary behaviors of obese people [60,61].

This study further used PROCESS to establish the mediating effect test based on the
correlation among overweight/obesity, 5-HT, and EC. The results indicated that the 5-HT
levels of college students played a partial mediating role between over-weight/obesity
and EC. First, overweight/obesity probably result in lower 5-HT levels [26] and, thus
diminished the core subcortical/cortical region activity such as amygdala and medial
prefrontal cortex, and reduce the activity of the underlying neural networks, which might
impair the performance of EC [62–64]. Second, high 5-HT levels can exert direct effects on
their receptors within the prefrontal cortex and hippocampus, and improve performance of
EC at least in part via those mechanisms [65]. The results showed that serum 5-HT levels
were responsible for 8.76% of the overweight/obesity associated with EC. This indicated
that overweight/obesity affects EC severity through the 5-HT levels, thus, both these results
and ours provide preliminary evidence in support of the idea that overweight/obesity-
related 5-HT may play a role in overweight/obesity-related EC.

Similarly, in this study, the BDNF levels of college students played a partial mediating
role between overweight/obesity and EC. Our findings support the existing literature. El-
Gharbawy et al., (2006) reported that overweight adolescents have lower BDNF levels
and poor performance of EC than normal-weight adolescents [54]. In addition, over-
weight/obesity probably result in lower BDNF levels, which might lead to a lack of
neurotrophic support in the adult brain and cause dysfunction of the hippocampus [66],
presumably impairing performance of EC [67]. Regarding the level of BDNF in adolescents
in this study, serum BDNF levels regulated the relationship between overweight/obesity
and EC with an impact of 7.30%. Thus, both these results and ours provide preliminary
evidence in support of the idea that overweight/obesity-related BDNF may play a role in
overweight/obesity-related EC.

Our study extends prior research by providing the evidence that BDNF and 5-HT
are potential biological mechanism underlying the association between obesity and EC.
Nevertheless, this study was limited by several factors. Firstly, despite the study included
a large sample size, it only covers the effects of overweight/obesity on serum 5-HT and
BDNF levels as well as the EC response in young and fit healthy adults. Cognizant of
this, further studies comprising of different populations such as patients with depressive
disorders and more comprehensive methodological approaches such as downstream sig-
naling and receptor expression are required to improve the relevance [68]. Secondly, future
studies should include more detailed information about the fat mass, hydration status,
and body composition of the participants by incorporating other analyses such as bio-
impedance analysis and hematocrit [69]. This is because these factors also influence 5-HT
and BDNF production, concentration and responsiveness. Thirdly, overweight/obesity
did not account for fat distribution nor discriminate between lean body mass and fat mass
despite it being the most commonly used measure of adiposity in previous epidemiologi-
cal studies because of its feasibility and reliability [70]. Finally, our finding is consistent
with the theories that overweight/obesity is harmful to the performance of EC. However,
several studies have observed other associations between overweight/obesity and EC,
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generating speculation that dysregulation of EC could exacerbate poor decision-making
with regard to diet and thus contribute to negative health outcomes, including excessive
weight gain [71–73]. Future studies will also consider the intermediary role that 5-HT and
BDNF may play between the EC and overweight/obesity.

5. Conclusions

In conclusion, using a sample drawn from a study of college students, we found that
overweight/obesity was related to decreased 5-HT and BDNF, which was itself related to
lower EC. We examined this potential role, and found that 5-HT and BDNF mediated the
association between overweight/obesity and EC. Our results, therefore, could be taken to
indicate that overweight/obesity-related 5-HT and BDNF may be one biological pathway
underpinning links between overweight/obesity and EC.
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