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A B S T R A C T

Aims: Brain derived neurotrophic factor (BDNF) is essential for cognitive function. It is also found in non-neuronal
tissues with various regulatory actions, including metabolic. Physical fitness (PF) is associated with improved
synthesis and secretion of BDNF and reduced obesity. However, the importance of PF for the relationship of BDNF
with obesity has not been investigated. This study aims at examining the relationship of PF with BDNF and obesity
in 174 young (age ¼ 25.30 � 9.2 years) healthy adults.
Main methods: Serum BDNF was evaluated using ELISA while obesity was determined using body weight (BW),
BMI, and waist circumference (WC). Six minute walk distance (6MWD) test was used to estimate PF.
Key findings: Serum BDNF was greater (p ¼ 0.000) in the participants with high (Hi6MWD) versus low (Lw6MWD)
PF group. Additionally, 6MWD explained 6.8% of serum BDNF. Obesity measures were greater (p < 0.05) in the
participants with low versus high BDNF. In regression analyses, serum BDNF explained 4.7% of BW (p ¼ 0.004),
3.8% of BMI (p ¼ 0.011), and 6.2% of WC (p ¼ 0.001). However, when the participants were divided into
Hi6MWD and Lw6MWD, BDNF explained 8.2% of BW (p ¼ 0.009), 6.0% of BMI (p ¼ 0.03), and 7.0% of WC (p ¼
0.013), only in the Hi6MWD, but not in the Lw6MWD (p > 0.05) groups.
Significance: The finding confirms the relationship of BDNF with obesity. Additionally, it further suggests the
importance of PF level to this relationship among young adults. Future studies are needed to confirm these
findings.
1. Introduction

Obesity is a proliferating global epidemic. Since 1980 to 2013, the
global prevalence has increased from 857 million to 2.1 billion, whereas
it is expected to reach ~3.3 billion in 2030 [1,2]. It affects many body
functions such as cardiovascular, endocrine, and Musculoskeletal func-
tions, is a risk factor for several diseases including metabolic syndrome,
diabetes and hypertension, can results in profound loss in life quality and
expectancy, and is a leading cause of morbidity and mortality [3, 4]. In
fact, recently obesity has been classified as a disease [5, 6, 7].

The underlining cause of obesity is the positive energy balance (i.e.
high consumption versus low expenditure of calories). However, the
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etiology is multifactorial that involves complex orchestration of periph-
eral and central mediators. Therefore, the WHO has called for a global
surveillance system to identify risk factors, thus strategies, to restrain
obesity proliferation by 2025 [8].

Brain derived neutorophic factor (BDNF) is synthesized and functions
primarily in the central nervous system (CNS) and is pivotal for neuro-
cognitive performance. However, it is found and functions in various
body locations, including the adipose tissue [9]. Additionally, it has been
implicated in cardiometabolic diseases, suggesting a metabotrophic role,
though the exact function is yet to be clarified [10].

The relationship of exercise with BDNF is well-known. Exercise seems
to increase mRNA transcription [11], subsequently BDNF levels [12, 13,
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he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

mailto:alomari@just.edu.jos
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2020.e03490&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2020.e03490
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2020.e03490


M.A. Alomari et al. Heliyon 6 (2020) e03490
14, 15]. Similarly, moderate exercising, as little as 150 min/week, can
contribute to weight control, though additional participation is more
effective [16, 17, 18]. Furthermore, it has been suggested that BDNF
deficiency is a risk factor for obesity [19] whereas activation of BDNF
receptor prevents the progression of diabetes [20]. However, the effect of
physical fitness (PF), a reflection of exercise participation [21], on the
relationship of BDNF with obesity is not known. Since BDNF [12, 13, 14,
15] and obesity [21] are altered with exercise, the relationship might
also be PF-dependent. Therefore, the purpose of the current study is two
folds. (i) Verify the relationship of serum BDNF with PF and obesity; (ii)
Examine the role of PF on the relationship of BDNF with obesity.
Determining this triangular relationship can further enhance our
knowledge of the importance of exercise/PF for BDNF and obesity.

2. Material and methods

2.1. Design and recruitment

The study was cross-sectional and observational to examine the role
of PF in the relationship of BDNF with obesity. Serum BDNF, obesity, and
PF were assessed in apparently healthy young (age: 18–35 years) adults.
All participants were randomly selected from the local community in
May 2014–April 2016. Participants were invited using flayers, adver-
tisements, and personal contacts. After agreeing to participate, the par-
ticipants filled a medical history questionnaire before initiation of the
study. All eligible participants signed an informed consent approved by
the Institutional Review Board with ethical clearance number: MA/OK-
155/2014. Volunteers with acute medical conditions, cardiovascular
diseases, diabetes mellitus, psychiatric, stress-related, and mood disor-
ders were excluded from the study. Additionally, individuals taking
medications were excluded from the study. Data was analyzed by a
blinded researcher to ensure impartiality.

2.2. Obesity measurements

Three measures were used to determine obesity, including body
weight (BW), body mass index (BMI), and waist circumference (WC).
Standard weight scale (Microlife WS 100, Microlife AG, Heerbrugg,
Switzerland) and tab measure were used to obtain weight and height,
respectively. The WC determined at the umbilicus height [22, 23]. The
international standards for BMI ranges were used in the current study.
These ranges include height [22, 23]:

Underweight: BMI is less than 18.5
Normal weight: BMI is 18.5–24.9
Overweight: BMI is 25–29.9
Obese: BMI is 30 or more

Additionally, the following ranges were used for the WC in the cur-
rent study height [22, 23]:

Men: 102 cm or more
Women: 89 cm or more

2.3. Serum BDNF measurement

Fasting blood samples were drawn from antecubital veins of the
participants into plain glass tubes while they were in sitting position.
After collection, samples were spun for 8–10 min at 1500 xg to obtain
serum for BDNF. Serum samples were then divided into several aliquots
and immediately stored at -80 �C for future use.

Serum BDNF level was determined using enzyme linked immuno-
sorbent assay (ELISA) specific for BDNF and as described in the kit
manual (Human BDNF Duoset ELISA Kit R&D system, USA). In brief, the
samples were added to an anti-human BDNF antibody coated ELISA wells
and allowed to incubate for 2 h at room temperature. Subsequently,
2

biotinylated anti-human BDNF antibody was introduced and allowed to
bind to the captured BDNF for 1 h at the same temperature. Horse-radish-
peroxidase (HRP)-streptavidin conjugate was afterward added to the
reaction mixture then incubated at room temperature for 45 min. Finally,
tetramethyl benzidine (TMB) was added to each well followed by addi-
tional incubation for 30 min at room temperature in the dark. The color
developed after the incubation was read at 450 nm immediately and
levels of serum BDNF were deducted from the standard provided by the
kit [14, 24].
2.4. Physical fitness measurement

Level of aerobic PFwas determined using the 6min walk test (6MWD)
[25], according to the American Thoracic Society Committee on Profi-
ciency Standards for Clinical Pulmonary Function Laboratories guide-
lines [26, 27]. It was conducted in an enclosed corridor and on a flat
ground and a circular track of 33 m long [28]. The walking course was
demarcated with bright colored cones. During the test, participants were
encouraged, at intervals, to make sure that they progress at a constant
pace. Number of loops covered by the participants were then multiplied
by the loop distance (33 m) [29].

The 6MWD test is widely used in a variety of populations, including
healthy and diseased young and elderly. However, norms (i.e. reference
values) are scares [30] and vary across populations and countries [31].
Data from Northern Africa [32] and Saudi Arabia [28] were different,
though both are from the Middle East region. Thus, given these in-
consistencies [30, 33, 34], the participants’ PF in the current study were
divided to below (Lw6MWD) and above (Hi6MWD) the 50th percentile of
the 6MWD scores.
2.5. Statistical analysis

All statistical analyses were performed using SPSS software for Win-
dows (version 19.0; Chicago, IL). Group data are expressed as means �
SD, and αwas set a priori at P< 0.05. All primary study measures (BDNF,
6MWD, and obesity indices) were tested for normality. A measure with
skewedness score (Sk) less than |1.0| was considered normally distrib-
uted. Additionally, the relative distance of a particular data point from
the data mean was used to remove outliers. Subsequent statistical tests
(i.e. Student's t-test, ANCOVA, Pearson's correlation, and regression)
were performed after transforming skewed variables as well as after
removing the outliers.

ANCOVA tests were used to compare BW, BMI, and WC between the
participants in the Hi6MWD versus Lw6MWD as well as the 6MWD score
in the above (HiBDNF) versus below (LwBDNF) the serum BDNF mean (μ
¼ 26.3 � 12.8 μg/dl). The ANCOVA was used to covariate for serum
cholesterol, glucose, and triglycerides. Cohen's d was used as a measure
of effect size; in general,<0.20 is considered to be a small effect,>0.20 to
<0.50 a moderate effect, and >0.50 a large effect [35].

The relationships between 6MWD, BDNF, and obesity indices were
examined with Pearson's correlations. In general, r values < 0.10 are
considered to be a small effect, >0.10 to <0.50 a moderate effect, and
>0.50 a large effect [36]. Linear regression was, subsequently, performed
to examine the ability of serum BDNF to predict obesity (BW, BMI, and
WC) when correlations were found significant between variables. The
correlation and regression analyses were performed for the entire sample
then in the Hi6MWD and Lw6MWD groups.

3. Results

3.1. Participants

The participant characteristics are shown in Table 1. A total of 174
young adults agreed to participant in the study. No differences were
found between the Lw6MWD versus Hi6MWD in height, BW, BMI, and



Table 1. Participant characteristics.

Lw6MWD (n ¼ 86) Hi6MWD (n ¼ 88) p-value

Age (years 23.5 � 6.6 25.0 � 6.6 0.1

Height (cm) 166.2 � 9.6 168.8 � 9.8 0.1

Weight (kg) 67.9 � 15.0 68.5 � 18.6 0.9

BMI (kg/m2) 24.5 � 4.6 23.9 � 5.5 0.5

Waist circumference (cm) 83.5 � 11.8 81.8 � 15.4 0.4

Percent body fat (%) 24.5 � 8.7 23.7 � 8.9 0.6

Data presented in mean � sd.

Figure 1. The difference (p < 0.006) in serum BDNF (μg/dl) between the
participants with low versus high maximum walked distance groups. Data pre-
sented in mean � SE.

Table 2. Obesity in the LwBDNF versus HiBDNF.

LwBDNF (n ¼ 85) HiBDNF (n ¼ 89) p-value

Weight (kg) 74.6 � 20.1 66.5 � 17.9 0.05

BMI (kg/m2) 26.0 � 6.3 23.8 � 5.2 0.05

Waist circumference (cm) 86.4 � 14.8 80.5 � 13.2 0.002

Data presented in mean � sd.
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WC. Additionally, the mean 6MWD score and serum BDNF were 563.8 �
93.7 m and 26.3 � 12.8 μg/dl, respectively.
3.2. Confirming normality

All primary study outcomes, including 6MWD, serum BDNF, and
obesity measures were normally distributed (Sk < 1.0).
Table 3. Correlations of BDNF with 6MWD and obesity measures in all participants

Serum BDNF (μg/dl)

6MWD Weight

All participants

r ¼ -0.30; p ¼ 0.000 r ¼ -0.20; 0.004

Hi6MWD group

r ¼ -0.20; p ¼ 0.023 r ¼ -0.30; p ¼ 0.009

Lw6MWD group

r ¼ -0.20; p ¼ 0.135 r ¼ 0.12; p ¼ 0.400

6MWD ¼ maximum walked distance in 6 min; BMI ¼ Body mass index; WC ¼ waist

3

3.3. Relationship of 6MWD with serum BDNF

As in Figure 1, the ANCOVA shows that serum BDNF was lower (p ¼
0.000) in the Lw6MWD versus the Hi6MWD. Pearson's correlation,
shown in Table 3, demonstrated a medium relationship (r ¼ 0.3; p ¼
0.001) of 6MWD test with serum BDNF. Similarly, subsequent simple
linear regression analysis revealed that the 6MWD explained 6.8% of
BDNF (BDNF ¼ 4.9 þ 0.038*6MWD; p ¼ 0.001).

3.4. Relationship of BDNF with obesity

Table 2 shows the ANCOVA revealing greater (p < 0.05) BW, BMI,
and WC in the LwBDNF versus HiBDNF groups. Pearson's correlation, in
Table 3, revealed that serum BDNF correlated with BW (r ¼ -0.2; p ¼
0.004), BMI (r ¼ -0.2; p ¼ 0.011), and WC (r ¼ -0.25; p ¼ 0.001). Sub-
sequent simple linear regression analyses revealed that BDNF explained
4.7% of BW (BW¼ 76.7þ(-0.3)*BDNF; p¼ 0.004) (Figure 2A), explained
3.8% of BMI (BMI ¼ 26.5þ(-0.081)*BDNF; p ¼ 0.011) (Figure 3A), and
explained 6.2% of WC (WC¼ 90.0þ(-0.3)*BDNF; p¼ 0.001) (Figure 4A).

3.5. Effect of PF level on the relationship of BDNF with obesity

After dividing the participants according to 6MWD scores, as in
Table 3, BDNF correlations with obesity measures remained only in the
Hi6MWD (BW: r¼ -0.3; p¼ 0.009, BMI: r¼ -0.24; p¼ 0.03, WC: r¼ -0.3;
p ¼ 0.013) but not in the Lw6MWD (BW: r ¼ -0.12; p ¼ 0.4, BMI: r ¼
-0.02; p ¼ 0.85, WC: r ¼ -0.2; p ¼ 0.17). Additionally, prediction of
obesity remained only in the Hi6MWD (BW ¼ 81.1þ(-0.41)*BDNF; R2 ¼
0.082; p ¼ 0.009 (Figure 2B)), (BMI ¼ 26.99þ(-0.1)*BDNF; R2 ¼ 0.06; p
¼ 0.03 (Figure 3B)), and (WC¼ 91.7þ(-0.3)*BDNF; R2 ¼ 0.07; p¼ 0.013
(Figure 4B)) but not in the Lw6MWD (BW ¼ 70.8þ(-0.1)*BDNF; R2 ¼
0.01; p¼ 0.4 (Figure 2C)), (BMI¼ 24.7þ(-0.009)*BDNF; R2 ¼ 0.001; p¼
0.85 (Figure 3C)), and (WC ¼ 87.1þ(-0.2)*BDNF; R2 ¼ 0.03; p ¼ 0.17
(Figure 4C)).

4. Discussion

The current study examined the role of PF on the relationship of BDNF
with obesity in young adults. A secondary aim was to verify the rela-
tionship of BDNF with PF and obesity. Serum BDNF correlated with
and the Hi6MWD and Lw6MWD groups.

BMI WC

r ¼ -0.20; p ¼ 0.011 r ¼ -0.25; p ¼ 0.001

r ¼ -0.24; p ¼ 0.030 r ¼ -0.30; p ¼ 0.013

r ¼ -0.02; p ¼ 0.850 r ¼ -0.20; p ¼ 0.170

circumference; BDNF ¼ brain derived neurotrophic factor.



Figure 2. Relationship of BDNF with Weight in all participants A: (BW ¼
78.9þ(-0.3)*BDNF; R2 ¼ 0.047; p ¼ 0.004); the Hi6MWD group B: (BW ¼
81.1þ(-0.41)*BDNF; R2 ¼ 0.082; p ¼ 0.009); and the Lw6MWD group C: (BW ¼
70.8þ(-0.1)*BDNF; R2 ¼ 0.01; p ¼ 0.4).

Figure 3. Relationship of BDNF with BMI in all participants A: (BMI ¼ 26.5þ(-
0.081)*BDNF; R2 ¼ 0.038; p ¼ 0.011); the Hi6MWD B: (BMI ¼ 26.99þ(-0.1)*
BDNF; R2 ¼ 0.06; p ¼ 0.03); and the Lw6MWD C: (BMI ¼ 24.7þ(-0.009)*BDNF;
R2 ¼ 0.001; p ¼ 0.85).
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Figure 4. Relationship of BDNF with Waist Circumference in all participants A:
(WC ¼ 90.0þ(-0.3)*BDNF; R2 ¼ 0.062; p ¼ 0.001), the Hi6MWD group B: (WC
¼ 91.7þ(-0.3)*BDNF; R2 ¼ 0.07; p ¼ 0.013), and the Lw6MWD group C: (WC ¼
87.1þ(-0.2)*BDNF; R2 ¼ 0.03; p ¼ 0.17).
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6MWD scores and obesity measures including BW, BMI, and WC. Addi-
tionally, it was reduced in the participants with greater obesity and lower
6MWD scores. After dividing the participants to Hi6MWD and Lw6MWD
groups, the correlations of BDNFwith all obesity measures remained only
in the Hi6MWD but not in the Lw6MWD group. These findings might
suggest that improving PF may enhance the possible favorable contri-
bution of BDNF in obesity control [37, 38].

Regular exercise enhances BDNF in the brain [12, 14, 39], platelets
[40, 41] plasma [42], and serum [41, 43]. The effect of PF level on
circulating BDNF is however considerably less reported and understood
[44, 45]. Data have shown that PF (i.e. estimated VO2max) was associ-
ated with lower serum BDNF in healthy males and females [44]. This
inverse relationship was attributed to higher circulatory glucocorticoid
levels usually found in athletes [46] and individuals with higher PF [47].
However, it was further elaborated that post-exercise glucocorticoid and
BDNF levels are not related [48]. Additional speculations indicated that
reduced serum BDNF might be due to a more efficient brain uptake of
BDNF to promote neural function in trained individuals [44]. However,
more experimental evidence to support this speculative hypothesis is
needed [44]. Similarly, another study found inverse correlations of
serum BDNF with PF, however positively with CV risk factors, including
obesity [45]. The study, thus, suggests negative effects of PF on BDNF
circulatory level and obesity as a CV risk factor. Thus, increased PF is not
always associated with favorable health-related measures [10, 18, 49,
50], including obesity [21].

Opposite to these findings, the current study found positive correla-
tion between BDNF and PF as measured using 6MWD. This is the first to
report a relationship of BDNF with 6MWD, a test mimics popular daily
activities (i.e. walking) [25]. Similar to our findings, one study reported
greater plasma BDNF in young athletes versus untrained [42]. Addi-
tionally, improved PF, following exercise training, correlated with ele-
vations in circulating BDNF in older women [51] and schizophrenics
[52].

This increased in circulatory BDNF in individuals with higher PF
level/athletes, could be due to increased BDNF brain synthesis and
release. Exercise-induced increase in circulating BDNF is most likely
came from the brain, as BDNF can easily cross the blood-brain barrier
[39]. We think constant muscle contraction during exercise, sends
feedback signals to the CNS to manufacture and release BDNF in the
brain, which then crosses into the circulation [10]. However, other
sources cannot be excluded [53, 54, 55] especially it is stored in platelets
in large amounts [54, 55] and synthesized in vascular endothelium cell
[53], both are activated during exercise. Certainly more studies are
needed to further verify these relationships and to identify BDNF "loca-
tion(s) of origin".

Levels of BDNF are reduced in obese individuals. The role of BDNF in
obesity seems to be primarily centrally mediated but peripheral contri-
bution cannot be ignored. Early studies suggested that BDNF-knockout
rats were more prone to obesity as compared to control [37], however
when allowed equal amount of food, no differences in weight were
observed [56]. However, genetically deleting tropomyosin receptor ki-
nase B (TrkB), a primary BDNF receptor, resulted in hyperphagia and
obesity [38]. These results suggested a central role including BDNF re-
duces appetite, thus promote a negative energy balance. Once activated
with BDNF, CNS TrkB triggers a cascade of reactions that inhibits eating
urges and weight gains [38]. Though fewer studies claim peripheral role
on obesity, BDNF is expressed in the adipose tissue suggesting a meta-
bolic involvement. It seems to communicate a feedback signal between
the brain and the adipose tissue-derived adipokines (i.e. leptin), however
the exact role is yet to be identified [57]. Still however, peripheral BDNF
role in metabolism is unclear and requires further verifications.

The mean 6MWD (μ ¼ 563.8 � 93.7m) was distinctively different as
compared to studies from the Middle East region. It was greater than
found in Saudi Arabia (μ ¼ 409 � 51 m) [28] and lower than found in
Northern Africa (μ¼ 680� 70 m) [32]. However similar to that reported
from Singaporeans (μ ¼ 560 � 105 m) [33] and little less than Brazilians
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(μ ¼ 571 � 74 m) [58] and Italian (μ ¼ 593 � 57) [31]. The effect of PA
level on the relationship of BDNF with obesity has never been examined.
However, one study showed that 30 aerobic exercise sessions resulted in
increased serum BDNF level coupled with reduced obesity [41]. Another
study, postulated that negative associations of BDNF with CV risk factors,
including obesity, might be because of increased PF [45]. The current
study is the first to demonstrate that greater 6MWD scores fortified the
relationship of BDNF with obesity. These results suggest that the favor-
able effect of BDNF on obesity might be found in individuals with higher
level of PF. Thus enhancing PF is essential for BDNF to reduce obesity in
young healthy individuals. Possibly, there is a "PF threshold", above
which, circulatory BDNF can stimulate cellular adaptations that impact
body metabolism, subsequently obesity. Alternatively, at lower PF, other
regulatory mechanisms are more dominates, thus correlations between
BDNF and obesity measures were diminished in the Lw6MWD group. In
support of this, implementing an exercise program aiming at improving
PF seems essential to the relationship of BDNF with obesity [41, 59].
Collectively, the relationships between PF, BDNF, and obesity seemmore
complex than expected [60], thus, these mere speculations need to be
refined with more investigations.
4.1. Clinical implications

Obesity is a proliferating global epidemic, associated with many le-
thal diseases, and is an independent risk factor of morbidity and mor-
tality. In fact, the recent classification of obesity as a disease has
warranted an urgent need for strategies to combat it. Many strategies
have been adapted; however, apparently, we are yet to succeed. There-
fore, strategies to fight the obesity epidemic, and associated diseases, are
still needed. According to the current findings, a strategy aimed at
establishing a negative energy balance, enhancing PF, thus increasing
BDNF seems appropriate. Obviously, exercise is a strategy that can,
potentially, meet all these criteria. Therefore, as recommended by several
organizations, moderate exercise on most days of the week should be
encouraged for obese or at risk individuals [18].
4.2. Limitations

The current study is not without limitations. First and for most,
causality interferences and generalizability of the results are confined to
the cross-sectional design and the relatively smaller size. Additionally,
we should realize that the 6MWD is not the best measurement for aerobic
PF, especially no surrogate measurements were obtained, including heart
rate, SpO2, and Borg and breathlessness. Therefore, to confirm the cur-
rent finings, future studies should consider applying longitudinal/inter-
ventional design and recruiting larger sample. Additionally, using more
specific test of aerobic PF along with surrogate measurements (i.e. heart
rate, SpO2, and Borg and breathlessness scales) are warranted.

5. Conclusion

In the current study, we confirm the importance of BDNF for obesity.
Additionally, the relationship of BDNF with obesity was found in in-
dividuals with higher, but not lower, fitness level. Therefore, the data
suggest that the effect of BDNF might be “fitness-dependent”. However,
studies aimed at examining the relationship of BDNF with obesity after
improving PA, are warranted.
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