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Review Article 

The effect of exercise training on neurotrophins in obese and overweight 

individuals: A systematic review and meta-analysis of randomized controlled 

trials 

Rasoul Eslami1, Diako Heidary2, Serve Heidari3, Arezoo Soleymani Fard2* 

Abstract  

 

Introduction 

The purpose of this research was to conduct a systematic review and 

meta-analysis on the effect of exercise training on neurotrophin levels 

in obese and overweight individuals. The research evaluated the effect 

of exercise training on neurotrophins in the databases of PubMed, 

Science Direct, Scopus, and Google Scholar with identified keywords 

among papers published from 2000 onwards. After preliminary 

screening, full-text studies as well as critical evaluation of the papers 

meeting the inclusion criteria were analyzed. Finally, 12 studies 

entered systematic research, and 6 studies entered meta-analysis 

research. The results show that exercise training has an addictive 

effect on neurotrophin levels in obese individuals, but this addictive 

effect is not significant. The present meta-analyze shows that the brain 

-Derived Neurotrophic Factor (BDNF) response to exercise in obese 

individuals is increasing, but the increase is not significant (Difference 

in means = -0.42 pg/ml, P = 0.460). On the other hand, the Nerve 

Growth Factor (NGF) response to exercise is also increasing which is 

significant (Z = 2.12, P = 0.034).  Thus, it can be concluded that 

exercise cannot increase neurotrophins in obese and overweight 

individuals; although, further studies are needed in this area. 
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Neurotrophic factors (NTFs) are secretory proteins that regulate 

the growth, maintenance, function, and flexibility of the 

vertebrate nervous system. There are four major classes of 

neurotropic molecules in Neurotrophins’ family: Glial cell line-

derived neurotrophic factor (GDNF) family, Neurotrophic 

cytokines (Neurokines), the new family of Cerebral dopamine 

neurotrophic factor (CDNF) and Mesencephalic astrocyte-

derived neurotrophic factor (Aron & Klein, 2011). 

The neurotropic family includes several genes, such as nerve 

growth factor (NGF), brain-derived neurotrophic factor (BDNF), 

neurotrophin-3 (NT-3), and neurotrophin-4 (NT-4) (Eslami et al., 

2016). In the central nervous system (CNS), adult NGF has 

neuroprotective effects and can affect neural responses to 

damage in a variety of cells that exhibit NGF receptors, such as 

sensory neurons of joint pain (sympathetic peripheral neurons 

with a small diameter) and motor neurons α. Brain-derived 

neurotrophic factor also exerts neuroprotective and growth-

promoting effects on a variety of post-injury neural populations. 

This issue is particularly evident in the Rubrospinal, 

Reticulospinal, and Vestibulospinal ducts, as well as in Clark-

specific nerve cells in the gray matter of the lumbar spinal cord. 

The neuroprotective results may be specifically attributed to the 

downstream effects of TrkB receptor signaling. Studies also 

show that BDNF reduces glutamate-induced apoptotic cell 

death (Keefe et al., 2017). However, the function of BDNF goes 

beyond the brain, because BDNF has a role to regulate 

metabolic functions such as fat oxidation and glucose uptake 

(Marosi & Mattson, 2014). 

Currently, exercise creates a set of powerful effects on the brain 

such as memory, learning, mood, cognitive function, formability, 

and learning ability. An active lifestyle is a powerful way to delay 

the onset of brain and nerve problems. Exercise as a low-cost 

treatment method has a positive effect on cognitive function, 

which is most likely due to neurological factors (Darvishi, 2020; 

Kazemi, 2017). Exercise is a model that can affect the 

expression of neurotrophin within the appropriate physiological 
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range. Increased exercise stimulates sensory nerve cells and 

gene expression that stimulates required proteins for axon growth 

and regeneration after injury (Eslami et al., 2017). It is reported 

that scheduled exercise for at least two weeks increases 

peripheral BDNF levels in adults (Dinoff et al., 2017). There is 

also a hypothesized mechanism that exercise increases BDNF 

levels in the brain (Vaynman et al., 2004), and BDNF may play a 

role in fat oxidation in obese and overweight individuals 

(Jiménez-Maldonado et al., 2014). 

Several stimuli can increase BDNF expression and function. 

Based on the findings of various studies, exercise has been 

widely recognized as an effective stimulant for increasing BDNF 

synthesis in the brain (Erickson, 2011; Gomez-Pinilla, 2003) and 

peripheral nerves (Dinoff et al., 2017). Considering the effect of 

exercise on increasing BDNF in the brain, various molecular 

mechanisms have been proposed to explain the increase in 

BDNF synthesis in neurons due to exercise (mainly moderate-

intensity continuous exercise) (Fernandes et al., 2017). Exercise 

has been shown to increase intracellular calcium levels in nerve 

cells. This ion indirectly activates Ca2+/calmodulin-dependent 

protein kinase (CaMKII). This kinase alters the Mitogen-activated 

protein kinase (MAP-K) pathway to the protein bound to 

phosphorylate CRE-binding protein and increases CREB 

transcription and thus BDNF transcription (Vaynman et al., 2004). 

Moreover, another model shows that physical activity stimulates 

the synthesis of BDNF in the brain by increasing the activity of 

reactive oxygen species (ROS). Exercise increases the activity of 

mitochondria in nerve cells, and higher mitochondrial activity has 

been found to cause the overproduction of ROS. Thus, ROS 

increases the activity of CRE-binding proteins to increase CREB 

and BDNF transcription (Radak et al., 2016). 

Up to now, numerous studies have considered the effect of 

exercise on neurotrophins in obese and overweight individuals. 

However, the results of these investigations are inconsistent (Cho 

& Roh, 2016). Therefore, it is necessary to have a systematic 

review and Meta-analysis study in this scope. Hence, this 

research conducted a systematic review and meta-analysis study 

on the effect of exercise training on neurotrophins in obese and 

overweight individuals. 

Materials and Methods 

This is a systematic review and meta-analysis randomized 

clinical trial. Accordingly, the papers were extracted using a 

systematic search strategy in Pubmed, Science Direct, and 

Scopus databases. The specific keywords: ‘Exercise’, ‘Training’, 

‘Physical Activity’, ‘Neurotrophic Factors’, ‘Neurotrophins’, 

‘BDNF’ and ‘NGF’ in all the papers published from 2000 onwards 

were extracted. The Google Scholar Database was used as a 

complementary search, and the number of papers was added to 
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the research project. It should also be noted that the search 

process in this study was completed on April 1st, 2022. 

The exclusion criteria were all of the review papers, case reports, 

and conference papers that were presented only with the abstract 

of the article, papers that had irrelevant titles or were non-sport 

articles, papers written other than English, and papers focued on 

non-obese and overweight individuals. Other papers met the 

inclusion criteria in this study. Complete information of the papers 

that were eligible for the study included the type of the study, 

sample size, characteristics of the subjects (age, gender, and 

health status), data on neurotrophins before and after exercise 

intervention in the experimental and control groups and 

specifications of exercise program (type of exercise, intensity, 

and duration of exercises). The information was drawn from 

papers after a comprehensive review, categorized and then 

reported. These data were analyzed by Comprehensive Meta-

analysis software version 2. 

In addition, the quality of the papers was assessed by using the 

Downs and Black checklists. This checklist consists of 27 items, 

of which 25 items have a score of zero or one, one item has a 

score of zero to two, and the last item has a score of zero to five, 

and the maximum score based on this checklist is 31. Meanwhile, 

papers that scored between 20 and 25 were rated as mediocre 

quality papers, and papers that scored above 25 were rated as 

high-quality papers. The validity and reliability of this checklist 

have been confirmed in previous studies (Jacket, 1998). The 

quality assessment of the papers and data extraction were done 

by two authors separately. In case of disagreement, the issue 

was discussed between the two authors, and the final opinion 

was applied. All the steps of extracting and selecting papers are 

shown in Fig 1. 

Results 

According to various databases searching, 1821 papers were 

found. After the initial review of the titles and abstracts of the 

papers and the removal of irrelevant and duplicate papers, 113 

papers entered the evaluation stage. The full-text information of 

the remaining papers was extracted after reviewing if the article 

met the inclusion criteria. At this stage, 97 papers that didn't meet 

the inclusion criteria were removed. Altogether 12 papers were 

included in the systematic review, of which 6 papers were 

suitable for entering the meta-analysis and were evaluated by the 

meta-analysis (Figure 1).10 papers were related to human 

studies (Table 1), and 2 papers were related to animal studies 

(Table 2). 

The meta-analysis results of studies on the effect of exercise 

training on BDNF in obese and overweight individuals (Figure 2) 

indicated that the response of BDNF to exercise is increased, 

although these changes are not significant (Difference in means 

= -0.42 pg/ml, Z = -0.73, P = 0.460). 
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Figure 1. Flow diagram of the search process. 

 

Table 1. Summary of studies included in the review (human studies). 

 

 

 

Study 

 

 

 

Country 

Exercise + 

Control= 

Total sample 

size 

(Baseline) 

 

 

 

Sex 

Participants 

characteristics 

 

 

 

Groups 

Age 

(years) 

(Baseline) 

BMI 

(kg/m2) 

(Baseline) 

d/ 

w 

 W  

 

 

Exercise 

Intervention 

 

 

 

Results 

 

 

 

 

 

Cho & Roh, 

2016 

 

 

 

 

 

 

Republic of 

Korea 

 

8+8=16 

Male obese young 

men 

Exercise 

Control 

Exercise: 

22.9±2.5 

Control: 

22.3±2.1 

Exercise: 

28.7±2.5 

Control: 

27.7±2.2 

3 8 The exercise group 

performed treadmill 

exercise at the intensity of 

70% heart rate reserve 

Aerobic exercise training 

can induce neurogenesis in 

obese individuals by 

increasing  the levels of 

brain-derived neurotrophic 

factors and reducing the 

levels of eotaxin-1 

 

 

 

 

 

Cho et al., 

2016 

 

 

 

 

 

Republic of 

Korea 

12+12=24 Female obese middle-

aged women 

Exercise 

Control 

Exercise: 

54.83±2.7

9 

Control: 

54.67±3.0

3 

Exercise: 

26.87±2.1

5 

Control: 

26.28±1.6

7 

3 8 Aerobic exercise consisted 

of treadmill running for 40 

minutes at 70% of the 

subjects’ heart rate reserve 

(HRR) 

results suggest that aerobic 

exercise training could 

improve the mood state of 

obese middle-aged women 

through a decrease in 

serum cortisol and an 

increasing in serum BDNF 

and NGF 

 

 

 

Glud et al., 

2019-1 

 

 

 

Denmark 

9+6=15 Male overweight 

and obese 

participants 

Exercise 

Control 

Exercise: 

37.8±6.8 

Control: 

37.0±5.9 

Exercise: 

33.4±2.1 

Control: 

32.4±2.4 

3 12 The exercise consisted of 

supervised aerobic 

exercise with a duration of 

60–75 min per training 

session, estimated energy 

expenditure of 500–600 

kcal per session, and an 

intensity of 70% of heart 

rate reserve 

Circulating BDNF was 

significantly changed by 

diet alone or combined with 

exercise in women and only 

by exercise alone in men 

 

 

Glud et al., 

2019-2 

 

 

 

Denmark 

11+8=19 Female overweight 

and obese 

participants 

Exercise 

Control 

Exercise: 

38.3±8.3 

Control: 

34.6±7.0 

Exercise: 

35.1±3.9 

Control: 

37.2±2.7 

3 12 The exercise consisted of 

supervised aerobic 

exercise with a duration of 

60–75 min per training 

session, estimated energy 

expenditure of 500–600 

kcal per session, and an 

intensity of 70% of heart 

rate reserve 

Circulating BDNF was 

significantly changed by 

diet alone or combined with 

exercise in women and only 

by exercise alone in men 
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Table 1 (continue). Summary of studies included in the review (human studies). 

 

 

 

 

 

 

 

        expenditure of 500–600 

kcal per session, and an 

intensity of 70% of heart 

rate reserve 

 

 

 

 

 

 

Goldfield et 

al., 2018-1 

 

 

 

 

 

Canada 

69+69=138 Female 

/Male 

adolescents 

with obesity 

Exercise 

(Aerobic) 

 

Control 

Exercise: 

15.5±1.3 

Control: 

15.6±1.3 

Exercise: 

34.6±4.2 

Control: 

34.3±5.0 

4 22 The Aerobic group 

exercised on treadmills, 

elliptical machines, and/or 

bicycle ergometers. The 

intensity of exercise was 

also progressive, whereby 

participants began at 65% 

and progressed to 85%of 

their pre-determined 

maximum heart rate 

 

 

 

 

 

No significant change 

 

 

 

 

Goldfield et 

al., 2018-2 

 

 

 

 

 

Canada 

70+69=139 Female 

/Male 

adolescents 

with obesity 

Exercise 

(Resistance

) 

 

Control 

Exercise: 

15.8±1.5 

Control: 

15.6±1.3 

Exercise: 

35.3±4.8 

Control: 

34.3±5.0 

4 22 The Resistance group 

progressed from 20 to 45 

min per session, 

performing 7 exercises 

using weight machines or 

free weights, and 

progressing from 2 sets of 

15 repetitions at moderate 

intensity to 3 sets of 8 

repetitions at the maximum 

resistance that could be 

moved 8 times (8-RM) 

 

 

 

 

 

No significant change 

 

 

 

Goldfield et 

al., 2018-3 

 

 

 

 

Canada 

74+69=143 Female 

/Male 

adolescents 

with obesity 

Exercise 

(Combined) 

 

Control 

Exercise: 

15.5±1.3 

Control: 

15.6±1.3 

Exercise: 

34.5±4.1 

Control: 

34.3±5.0 

4 22 The Combined exercise 

group did the full of  

aerobic training program 

plus the resistance training 

program during each 

session 

 

 

 

No significant change 

 

 

 

 

Lee et al., 

2014 

 

 

 

 

Republic of 

Korea 

8+11=19 Female 

/Male 

Juvenile 

Obesity and 

Type 2 

Diabetes 

Mellitus 

Exercise 

Control 

Exercise: 

16.37±0.9

1 

Control: 

16.45±1.3

6 

Exercise: 

27.47±2.5

1 

Control: 

22.35±3.9

4 

3 12 The outcome of doing 

aerobic exercise sessions 

at 40–60 minutes with 

maximum oxygen intake 

(VO2max) of 50~60% was 

investigated 

While 12 weeks of regular 

aerobic exercise had a 

positive effect on body 

composition and increased 

BDNF levels of juveniles in 

the OG, it did not affect the 

inflammatory factor levels 

and did not affect the TG 

 

 

 

 

Roh et al., 

2020 

 

 

 

 

Korea 

13+13=26 Female 

 

Elderly 

Women with 

Obesity 

Exercise 

Control 

Exercise: 

70.92±6.6

0 

Control: 

70.23±6.0

6 

Exercise: 

24.67±1.5

5 

Control: 

25.72±2.3

2 

3 12 The exercise group 

performed resistance 

training by using elastic 

bands 

Results imply that regular 

resistance training in 

elderly women with obesity 

can increase muscle mass, 

reduce inflammation, and 

stimulate neurotrophic 

factors 

 

 

 

Roh and 

So, 2017 

 

 

 

Republic of 

Korea 

10+10=20 Male 

 

obese and 

non-obese 

men 

Exercise 

(obese) 

 

Control 

(non-

obese) 

Exercise: 

23.00±2.3

6 

Control: 

22.80±2.3

5 

Exercise: 

29.74±3.1

2 

Control: 

22.00±1.2

2 

3 8 Both groups performed 

treadmill exercise  at 40 

min with 70% heart rate 

reserve 

Results suggest that 

obesity can reduce serum 

neurotrophic factor levels. 

On the other hand, aerobic 

exercise can improve an 

oxidant-antioxidant 

imbalance in obese 

subjects. 

 

 

Nazari et 

al., 2016 

 

 

 

Iran 

10+10=20 Male 

 

Overweight 

Men 

Exercise 

Control 

Exercise: 

22.7±1.5 

Control: 

22.3±1.5 

Exercise: 

26.9±0.7 

Control: 

27.1±0.8 

3 8 This   study   involved   a   

combined   training   

program(strength and 

endurance) 

It seems that brain-derived 

neurotrophic factor levels 

are affected by physical 

activity 

 

 

 

 

Walsh et 

al., 2018 

 

 

 

 

Canada 

152+50=202 Female/

Male 

 

Adolescents 

with Obesity 

Exercise 

Control 

Exercise: 

15.5±1.4 

Control: 

15.4±1.3 

Exercise: 

34.5±4.1 

Control: 

34.3±5.1 

4 4 Participants engaged in 

low-intensity and low-

volume, resistance and 

aerobic training 

Exercise-induced 

reductions in some 

diabetes risk factors were 

associated with increases 

in BDNF in adolescents 

with obesity, suggesting 

that exercise training may 

be an effective strategy to 

promote metabolic health 

and increases in BDNF, a 

protein favoring 

neuroplasticity 

 

 

Woo, 2012 

 

 

Korea 

15+15=30 Female/

Male 

 

Obese 

Children 

Exercise 

(Obese) 

Control 

(Normal) 

10-12 

years 

--- 4 12 The aerobic exercise 

program of this study was 

performed with 40-60% 

heart rate reserve 

BDNF and NGF expression 

increased significantly 
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According to the obtained I2 score (I2 = 90.4% and P = 0.000), it 

is observed that the heterogeneity of different studies with each 

other is significant. On the other hand, Figure 3 shows the funnel 

plot to check the status of publication bios in the meta-analysis, 

which does not show significant bias. In other words, these 

results are almost reliable. 

Also, the results of the meta-analysis of studies on the effect of 

exercise training on NGF in obese and overweight individuals 

(Figure 4) indicated that the response of NGF to exercise 

increased, and these changes are significant (Difference in 

means = 25.62 pg/ml, Z = 2.12, P = 0.034). According to the 

obtained I2 score (I2=0.0% and P = 0.804), it is observed that the  

Table 2. Summary of studies included in the review (animal studies). 

Study Country Exercise + 

Control= 

Total Sample 

Size 

(Baseline) 

Animals Participants 

Characteristics 

Groups D/

W 

W Exercise 

Intervention 

Results 

Kim et al., 

2020-1 

Korea 7+7=14 Mice Obese mice 

maintained on high 

fat diet 

Low-intensity 

exercise 

 

Control 

5 8 All exercise groups were subjected to exercise on an 

animal treadmill 

No 

significant 

change 

Kim et al., 

2020-2 

Korea 7+7=14 Mice Obese mice 

maintained on high 

fat diet 

Moderate 

intensity 

exercise 

 

Control 

5 8 All exercise groups were subjected to exercise on an 

animal treadmill 

No 

significant 

change 

Kim et al., 

2020-3 

Korea 7+7=14 Mice Obese mice 

maintained on high 

fat diet 

High 

intensity 

exercise 

 

Control 

5 8 All exercise groups were subjected to exercise on an 

animal treadmill 

BDNF 

expression 

increased 

significantly 

Woo et al., 

2019-1 

Republic of 

Korea 

9+9=18 Mice Obese mice Moderate 

intensity 

exercise 

 

Control 

5 8 In both groups, the tail of the mice was attached with a 

pendulum weighing 75% of the body mass before 

climbing up the ladder. Upon successfully climbing the 

ladder to the top, the one repetition maximum (1RM) 

value was assessed through the gradual addition of 

weights of 15% of the body mass to the tail. A total of 

eight rounds of climbing were performed by mice of 

both groups in one set of exercises with loads 

equivalent to approximately 50% and 75% of 1RM 

BDNF and 

NGF 

expression 

increased 

significantly 

Woo et al., 

2019-2 

Republic of 

Korea 

9+9=18 Mice Obese mice High-

intensity 

exercise 

 

Control 

5 8 In both groups, the tail of the mice was attached with a 

pendulum weighing 75% of the body mass before 

climbing up the ladder. Upon successfully climbing the 

ladder to the top, the one repetition maximum (1RM) 

value was assessed through the gradual addition of 

weights of 15% of the body mass to the tail. A total of 

eight rounds of climbing were performed by mice of 

both groups in one set of exercises with loads 

equivalent to approximately 50% and 75% of 1RM 

BDNF and 

NGF 

expression 

increased 

significantly 

 

 

Figure 2. Meta-analysis of the effects of exercise training on BDNF in obese and overweight individuals 
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heterogeneity of different studies with each other is not 

significant. 

Discussion 

The purpose of this research was to investigate and identify the 

response of neurotrophins to exercise in obese and overweight 

individuals. The present meta-analysis results show that exercise 

training can increase the levels of some important neurotrophins 

in humans, including BDNF and NGF. However, it should be 

mentioned that while the increase in BDNF was not significant, 

NGF had a significant incremental response. These results are 

consistent with tose of Goldfield et al. (2018) who investigated the 

long-term effects of aerobic exercise, resistance training, and 

combination training on the BDNF level of a large group of 

overweight and obese adolescents (Goldfield et al., 2018). 

According to meta-analysis results, several studies such as Cho 

et al. (2016) and Roh et al. (2020) (19 and 23), Lee et al. (2014) 

and Glud et al. (2019) have shown a reduction in BDNF levels in 

response to exercise in obese and overweight individuals. Regar- 

 

-ding NGF levels, some studies such as Lee et al. (2014) and 

Chou et al. (2016) have reported the increased effect of exercise 

on NGF levels in humans. 

There are several biological mechanisms associated with 

neurotropic expression and obesity and overweight that are still 

unknown. However, there is evidence to suggest that brain-

derived neurotrophic factor (BDNF) is involved in cognitive 

function in prescribing or reducing food intake (Szuhany et al., 

2015). On the other hand, high levels of BDNF are associated 

with a healthy lifestyle and low levels of BDNF are associated 

with the risk of metabolic disorders and eating disorders (Rosas-

Vargas et al., 2011). Other studies have shown conflicting data in 

association with low BDNF levels in overweight individuals 

(Sandrini et al., 2018). A meta-analytic study by Sandrini et al. 

(2018) showed that there is no significant relationship between 

BDNF levels and obesity (Sandrini et al., 2018). In this study, the 

effect of exercise on neurotropic levels in obese and overweight 

individuals was investigated in various studies and it was found 

that there is no significant relationship between these variables, 

 

 

Figure 3. Funnel plot of studies on the effects of exercise training on BDNF in obese and overweight individuals. 

 

Figure 4. Meta-analysis of the effects of exercise training on NGF in obese and overweight individuals. 
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which can be a confirmation of previous studies. 

According to the results, physical activity and exercise have 

beneficial effects on brain health such as reducing the risk of 

dementia and Alzheimer's, maintaining cognitive function, and 

controlling metabolism (Costman, 2002; Pedersen, 2019; 

Santos-Lozano, 2016; Sardahaee, 2010; Williams, 2010). 

Physical exercise increases attention, processing speed, and 

executive functions, as well as improves reaction time and 

language learning (Smith et al., 2010). Exercise improves several 

basic physiological functions, such as sleep (Kelley & Kelley, 

2017), appetite (Blundell et al., 2015), and mood (Crush et al., 

2018), which are associated with the brain. In this regard, 

research has indicated that a wide network of brain areas and 

about 82% of the total volume of gray matter involved in learning 

and memory are affected by exercise (Batouli & Saba, 2017). 

Although the beneficial effects of exercise on the brain are 

evident, the mechanisms of this effect are not yet fully understood 

(Darvishi & Eslami, 2020). 

The effects of exercise on the resting BDNF level are highly 

complex and variable. Studies indicate that some of these 

inconstancies, especially in acute periods of exercise, may be 

due to the potential moderating effects on the study population 

(healthy versus clinical specimens), age, gender (more severe 

effects in men), measurement method (serum versus plasma), 

and programmatic factors such as frequency, intensity, and 

duration of exercise (Dinoff, 2017; Eslami, 2015). BDNF is one of 

the neurotrophins and one of the most important mediators of the 

effects of exercise on the brain, especially cognition (Loprinzi & 

Frith 2019). BDNF is essential for many effects of exercise on the 

brain (Chambliss, 2003; Farmer, 2004; Perreau, 2005). For 

example, BDNF is involved in neuronal production and 

differentiation, nerve cell survival, hippocampal function, and 

learning (Wrann et al., 2013). In this regard, studies have shown 

that the release of BDNF in the human brain increases a period 

of acute exercise (Ramaussen, 2009; Seifert, 2010).  

Although several studies support the idea that BDNF plays a 

dominant role in mediating the effects of exercise on the brain, 

the mechanisms involved in increasing BDNF levels induced by 

muscle activity during exercise are unclear. BDNF is a protein in 

skeletal muscle whose production is stimulated by muscle 

contraction (Matthews et al., 2009). There is also little evidence 

that muscle-derived BDNF enters the bloodstream. However, 

there is no evidence that BDNF mediates brain-muscle 

interactions (Eslami et al., 2018). Thus, exercise training is likely 

to increase the levels of other factors secreted by the muscle into 

the bloodstream and cross the blood-brain barrier, then stimulate 

increased BDNF production in the brain (Nourollahi & Eslami, 

2019). 

On the other hand, NGF plays an important role in the survival of 

 

 

sympathetic and sensory neurons as well as biological activities, 

including cell growth (Steers & Tuttle, 2006). Schules et al. 

examined the effects of 8 weeks of aerobic exercise using 

ergometers on patients with multiple sclerosis (MS) and did not 

report a significant difference in the NGF level of the exercise 

group (Schulz et al., 2004). Bansi et al. performed 3 weeks of 

regular exercise for middle-aged patients with MS and were 

unable to significantly alter resting NGF levels (Bansi et al., 

2013). Lee et al. (2014) also did not show a significant difference 

in resting NGF levels in the obese group of trained individuals 

compared to the control group, although they observed an 

increase in NGF levels compared to the control group. Another 

previous study of 146 adults reported that NGF levels were higher 

in obese people than in normal-weight people (Bullo et al., 2007). 

In general, it can be claimed that exercise does not have a 

significant increase in resting NGF levels in obese and 

overweight individuals.    

Conclusion 

Neurotrophin-3 (NT-3) and neurotrophin-4 (NT-4) are other 

members of the neurotrophic factors that have similar properties 

to BDNF. These nutritional factors increase neuronal maturation 

and enhance the maintenance of adult neurons (Numakawa et 

al., 2010). NT-3 and NT-4 play an important role in regulating the 

plasticity of brain cells and their function is very important for 

synaptic transmission (Eslami et al., 2018). NT-3 also plays an 

important role in the survival and function of sensory nerve cells. 

NT-4 is also involved in long-term synaptic potential (Eslami et 

al., 2015). Studies on the effect of exercise on these 

neurotrophins in obese and overweight individuals are limited and 

it is hoped that high-quality research will be done in the future. 

There may be limitations to the present study, including the small 

number of studies that have been performed in this area and the 

exact amount of neurotrophins reported in them. There may also 

be studies published other than English that are not included in 

this study.  

Exercise does not play a significant role in increasing neurotropic 

levels in obese and overweight individuals, and exercise-induced 

neurotropic responses are heterogeneous and very variable like 

most of the intervention studies. Future randomized clinical trials 

to confirm these initial findings and further elucidate the effects 

that duration, intensity, and various exercise methods have on 

resting neurotropic levels and can help optimize exercise 

prescriptions in high-risk populations such as obese and 

overweight individuals. 

What is already known on this subject? 

Up to now, numerous studies have considered the effect of 

exercise on neurotrophins in obese and overweight individuals. 

However, the results of these investigations are inconsistent. 
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What this study adds? 

Exercise does not play a significant role in increasing neurotropic 

levels in obese and overweight individuals, and exercise-induced 

neurotropic responses are heterogeneous and very variable like 

most of the intervention studies.  

Acknowledgements 

None. 

Funding 

None. 

Compliance with ethical standards 

Conflict of interest The author declare that she has no conflict of 

interest. 

Ethical approval Not applicable. 

Informed consent Not applicable. 

Author contributions 

Conceptualization: A.S.F., D.H.; Methodology: R.E., D.H.; 

Software: S.H.; Validation: A.S.F., R.E.; Formal analysis: S.H.; 

Investigation: A.S.F.; Resources: R.E.; Data curation: D.H.; 

Writing - original draft: A.S.F.; Writing - review & editing: D.H.; 

Visualization: S.H.; Supervision: A.S.F.; Project administration: 

R.E.; Funding acquisition: A.S.F. 

Conflict of interest The author declare that she has no conflict of 

interest. 

References 

Aarsland, D., Sardahaee, F. S., Anderssen, S., Ballard, C., & group, t. 

A. s. S. S. R. (2010). Is physical activity a potential preventive factor for 

vascular dementia? A systematic review. Aging & mental health, 14(4), 

386-395. doi: https://doi.org/10.1080/13607860903586136 

Adlard, P. A., Perreau, V. M., & Cotman, C. W. (2005). The exercise-

induced expression of BDNF within the hippocampus varies across life-

span. Neurobiology of aging, 26(4), 511-520. doi: 

https://doi.org/10.1016/j.neurobiolaging.2004.05.006 

Aron, L., & Klein, R. (2011). Repairing the parkinsonian brain with 

neurotrophic factors. Trends in neurosciences, 34(2), 88-100.doi: 

https://doi.org/10.1016/j.tins.2010.11.001 

Bansi, J., Bloch, W., Gamper, U., & Kesselring, J. (2013). Training in 

MS: influence of two different endurance training protocols (aquatic 

versus overland) on cytokine and neurotrophin concentrations during 

three week randomized controlled trial. Multiple Sclerosis Journal, 

19(5), 613-621. doi: https://doi.org/10.1177/1352458512458605 

 

J
o

u
rn

a
l 

o
f 

E
x
er

ci
se

 &
 O

rg
a

n
 C

ro
ss

 T
a

lk
 

Batouli, S. A. H., & Saba, V. (2017). At least eighty percent of brain grey 

matter is modifiable by physical activity: A review study. Behavioural 

brain research, 332, 204-217. doi: 

https://doi.org/10.1016/j.bbr.2017.06.002 

Blundell, J., Gibbons, C., Caudwell, P., Finlayson, G., & Hopkins, M. 

(2015). Appetite control and energy balance: impact of exercise. 

Obesity reviews, 16, 67-76. doi: https://doi.org/10.1111/obr.12257 

Bulló, M., Peeraully, M. R., Trayhurn, P., Folch, J., & Salas-Salvadó, J. 

(2007). Circulating nerve growth factor levels in relation to obesity and 

the metabolic syndrome in women. European Journal of 

Endocrinology, 157(3), 303-310. doi: https://doi.org/10.1530/EJE-06-

0716 

Cho, S. Y., & Roh, H. T. (2016). Effects of aerobic exercise training on 

peripheral brain-derived neurotrophic factor and eotaxin-1 levels in 

obese young men. Journal of physical therapy science, 28(4), 1355-

1358. doi: https://doi.org/10.1589/jpts.28.1355 

Cho, S.-Y., So, W.-Y., & Roh, H.-T. (2016). Effects of aerobic exercise 

training and cranial electrotherapy stimulation on the stress-related 

hormone, the neurotrophic factor, and mood states in obese middle-

aged women: a pilot clinical trial. Salud mental, 39(5), 249-256. doi: 

https://doi.org/10.17711/SM.0185-3325.2016.029 

Cotman, C. W., & Berchtold, N. C. (2002). Exercise: a behavioral 

intervention to enhance brain health and plasticity. Trends in 

neurosciences, 25(6), 295-301. doi: https://doi.org/10.1016/S0166-

2236(02)02143-4 

Crush, E. A., Frith, E., & Loprinzi, P. D. (2018). Experimental effects of 

acute exercise duration and exercise recovery on mood state. Journal 

of affective disorders, 229, 282-287. doi: 

https://doi.org/10.1016/j.jad.2017.12.092 

Darvishi, M., & Eslami, R. (2020). Effects of aerobic exercise in 

manipulated environment on serum levels of BDNF, Irisin and 

Cathepsin B in healthy active men. Yafteh, 22(2). doi: 

http://eprints.lums.ac.ir/id/eprint/2372 

Dinoff, A., Herrmann, N., Swardfager, W., & Lanctot, K. L. (2017). The 

effect of acute exercise on blood concentrations of brain‐derived 

neurotrophic factor in healthy adults: A meta‐analysis. European 

Journal of Neuroscience, 46(1), 1635-1646. doi: 

https://doi.org/10.1111/ejn.13603 

Dinoff, A., Herrmann, N., Swardfager, W., Liu, C., Sherman, C., Chan, 

S., & Lanctôt, K. (2017). 996. The Effect of Exercise Training on Resting 

Concentrations of Peripheral Brain-derived Neurotrophic Factor 

(BDNF): A Meta-analysis. Biological Psychiatry, 81(10), S403. doi: 

https://doi.org/10.1016/j.biopsych.2017.02.723 

Erickson, K. I., Voss, M. W., Prakash, R. S., Basak, C., Szabo, A., 

Chaddock, L., Kim, J. S., Heo, S., Alves, H., & White, S. M. (2011).  

 

https://doi.org/10.1080/13607860903586136
https://doi.org/10.1016/j.neurobiolaging.2004.05.006
https://doi.org/10.1016/j.tins.2010.11.001
https://doi.org/10.1177/1352458512458605
https://doi.org/10.1016/j.bbr.2017.06.002
https://doi.org/10.1111/obr.12257
https://doi.org/10.1530/EJE-06-0716
https://doi.org/10.1530/EJE-06-0716
https://doi.org/10.1589/jpts.28.1355
https://doi.org/10.17711/SM.0185-3325.2016.029
https://doi.org/10.1016/S0166-2236(02)02143-4
https://doi.org/10.1016/S0166-2236(02)02143-4
https://doi.org/10.1016/j.jad.2017.12.092
http://eprints.lums.ac.ir/id/eprint/2372
https://doi.org/10.1111/ejn.13603
https://doi.org/10.1016/j.biopsych.2017.02.723


Review article                                          Journal of Exercise & Organ Cross Talk. 2022; 2 (3): 112-122. doi: 10.22034/jeoct.2022.357541.1051 

120 
 

  

J
o

u
rn

a
l 

o
f 

E
x
er

ci
se

 &
 O

rg
a

n
 C

ro
ss

 T
a

lk
 

Goldfield, G. S., Kenny, G. P., Prud'homme, D., Holcik, M., Alberga, A. 

S., Fahnestock, M., Cameron, J. D., Doucette, S., Hadjiyannakis, S., 

Tulloch, H., Tremblay, M. S., Walsh, J., Guerin, E., Gunnell, K. E., 

D'Angiulli, A., & Sigal, R. J. (2018). Effects of aerobic training, 

resistance training, or both on brain-derived neurotrophic factor in 

adolescents with obesity: The hearty randomized controlled trial. 

Physiol Behav, 191, 138-145. 

https://doi.org/10.1016/j.physbeh.2018.04.026  

Jacket, C. W. M. L. H. (1998). 24. Downs SH, Black N. The feasibility 

of creating a checklist for the assessment of the methodological quality 

both of randomised and non-randomised studies of health care 

interventions. J Epidemiol Community Health, 52(6), 377-384. doi: 

http://dx.doi.org/10.1136/jech.52.6.377 

Jiménez-Maldonado, A., de Álvarez-Buylla, E. R., Montero, S., 

Melnikov, V., Castro-Rodríguez, E., Gamboa-Domínguez, A., 

Rodríguez-Hernández, A., Lemus, M., & Murguía, J. M. (2014). Chronic 

exercise increases plasma brain-derived neurotrophic factor levels, 

pancreatic islet size, and insulin tolerance in a TrkB-dependent 

manner. PLoS One, 9(12), e115177. doi: 

https://doi.org/10.1371/journal.pone.0115177 

Kazemi, A., Rahmati, M., Eslami, R., & Sheibani, V. (2017). Activation 

of neurotrophins in lumbar dorsal root probably contributes to 

neuropathic pain after spinal nerve ligation. Iranian journal of basic 

medical sciences, 20(1), 29. doi: 

https://doi.org/10.22038/ijbms.2017.8089 

Keefe, K. M., Sheikh, I. S., & Smith, G. M. (2017). Targeting 

neurotrophins to specific populations of neurons: NGF, BDNF, and NT-

3 and their relevance for treatment of spinal cord injury. International 

journal of molecular sciences, 18(3), 548. doi: 

https://doi.org/10.3390/ijms18030548 

Kelley, G. A., & Kelley, K. S. (2017). Exercise and sleep: a systematic 

review of previous meta‐analyses. Journal of Evidence‐Based 

Medicine, 10(1), 26-36. doi: https://doi.org/10.1111/jebm.12236 

Kim, T.-W., Baek, K.-W., Yu, H. S., Ko, I.-G., Hwang, L., & Park, J.-J. 

(2020). High-intensity exercise improves cognitive function and 

hippocampal brain-derived neurotrophic factor expression in obese 

mice maintained on high-fat diet. Journal of exercise rehabilitation, 

16(2), 124-131. doi: https://doi.org/10.12965/jer.2040050.025 

Lee, S. S., Yoo, J. H., Kang, S., Woo, J. H., Shin, K. O., Kim, K. B., 

Cho, S. Y., Roh, H. T., & Kim, Y. I. (2014). The effects of 12 weeks 

regular aerobic exercise on brain-derived neurotrophic factor and 

inflammatory factors in juvenile obesity and type 2 diabetes mellitus. 

Journal of physical therapy science, 26(8), 1199-1204. doi: 

https://doi.org/10.1589/jpts.26.1199 

Loprinzi, P. D., & Frith, E. (2019). A brief primer on the mediational role 

of BDNF in the exercise‐memory link. Clinical physiology and 

functional imaging, 39(1), 9-14. doi: https://doi.org/10.1111/cpf.12522 

Marosi, K., & Mattson, M. P. (2014). BDNF mediates adaptive brain and 

body responses to energetic challenges. Trends in Endocrinology & 

Metabolism, 25(2), 89-98. doi: 

https://doi.org/10.1016/j.tem.2013.10.006 

 

Exercise training increases size of hippocampus and improves 

memory. Proceedings of the national academy of sciences, 108(7), 

3017-3022.doi: https://doi.org/10.1073/pnas.1015950108 

Eslami, R., Gharakhanlou, R., & Parnow, A.-H. (2018). The Response 

of Skeletal Muscle-Expressed Neurotrophins to Acute Resistance 

Exercise in Male Wistar Rats. Annals of Applied Sport Science, 6(2), 

45-53. doi: http://dx.doi.org/10.29252/aassjournal.6.2.45 

Eslami, R., Gharakhanlou, R., Kazemi, A., & Dabaghzadeh, R. (2015). 

Effect of a session resistance exercise on mRNA expression of NT-3 

and TrkC proteins in soleus muscle of Wistar rats. Journal of Gorgan 

University of Medical Sciences, 17(3), 63-68. doi: 

http://goums.ac.ir/journal/article-1-2502-en.html 

Eslami, R., Gharakhanlou, R., Kazemi, A., Dakhili, A. B., 

Sorkhkamanzadeh, G., & Sheikhy, A. (2016). Does endurance training 

compensate for neurotrophin deficiency following diabetic neuropathy? 

Iranian Red Crescent Medical Journal, 18(10). doi: 

https://doi.org/10.5812/ircmj.37757 

Eslami, R., Gharakhanlou, R., Mowla, S. J., & Rajabi, H. (2013). Effect 

of one session resistance exercise on mRNA expression of NT4/5 and 

P75 proteins in slow and fast skeletal muscles of Wistar rats. Journal 

of Mazandaran University of Medical Sciences, 23(100), 74-82. doi: 

http://jmums.mazums.ac.ir/article-1-2191-en.html 

Eslami, R., Gharakhanlou, R., Mowla, S. J., & Rajabi, H. (2013). Effect 

of one session resistance exercise on mRNA expression of NT4/5 and 

P75 proteins in slow and fast skeletal muscles of Wistar rats. Journal 

of Mazandaran University of Medical Sciences, 23(100), 74-82. doi: 

http://jmums.mazums.ac.ir/article-1-2191-en.html 

Eslami, R., Sorkhkamanzadeh, G., Kazemi, A.-R., Gharakhanlou, R., & 

Banaifar, A.-a. (2015). Effect of 6-week endurance training on bdnf 

expression in motor root of spinal cord in rats with diabetic neuropathy. 

Journal of Mazandaran University of Medical Sciences, 25(124), 94-

106. doi: http://jmums.mazums.ac.ir/article-1-5544-en.html 

ESLAMI, R., VALIPOUR, D. V., & Alikarami, H. (2018). Serum 

Responses of Neurotrophic Factors to Carbohydrate Consumption 

during Aerobic Exercise in Adolescent Male Futsal Players. doi: 

https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=754881 

Farmer, J., Zhao, X., Van Praag, H., Wodtke, K., Gage, F., & Christie, 

B. (2004). Effects of voluntary exercise on synaptic plasticity and gene 

expression in the dentate gyrus of adult male Sprague–Dawley rats in 

vivo. Neuroscience, 124(1), 71-79. doi: 

https://doi.org/10.1016/j.neuroscience.2003.09.029 

Fernandes, J., Arida, R. M., & Gomez-Pinilla, F. (2017). Physical 

exercise as an epigenetic modulator of brain plasticity and cognition. 

Neuroscience & Biobehavioral Reviews, 80, 443-456. doi: 

https://doi.org/10.1016/j.neubiorev.2017.06.012 

Glud, M., Christiansen, T., Larsen, L., Richelsen, B., & Bruun, J. (2019). 

Changes in circulating BDNF in relation to sex, diet, and exercise: a 12-

week randomized controlled study in overweight and obese 

participants. Journal of obesity, 2019. doi: 

https://doi.org/10.1155/2019/4537274 

 

https://doi.org/10.1016/j.physbeh.2018.04.026
http://dx.doi.org/10.1136/jech.52.6.377
https://doi.org/10.1371/journal.pone.0115177
https://doi.org/10.22038/ijbms.2017.8089
https://doi.org/10.3390/ijms18030548
https://doi.org/10.1111/jebm.12236
https://doi.org/10.12965/jer.2040050.025
https://doi.org/10.1589/jpts.26.1199
https://doi.org/10.1111/cpf.12522
https://doi.org/10.1016/j.tem.2013.10.006
https://doi.org/10.1073/pnas.1015950108
http://dx.doi.org/10.29252/aassjournal.6.2.45
http://goums.ac.ir/journal/article-1-2502-en.html
https://doi.org/10.5812/ircmj.37757
http://jmums.mazums.ac.ir/article-1-2191-en.html
http://jmums.mazums.ac.ir/article-1-2191-en.html
http://jmums.mazums.ac.ir/article-1-5544-en.html
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=754881
https://doi.org/10.1016/j.neuroscience.2003.09.029
https://doi.org/10.1016/j.neubiorev.2017.06.012
https://doi.org/10.1155/2019/4537274


Review article                                          Journal of Exercise & Organ Cross Talk. 2022; 2 (3): 112-122. doi: 10.22034/jeoct.2022.357541.1051 

121 
 

  

J
o

u
rn

a
l 

o
f 

E
x
er

ci
se

 &
 O

rg
a

n
 C

ro
ss

 T
a

lk
 

Santos-Lozano, A., Pareja-Galeano, H., Sanchis-Gomar, F., Quindós-

Rubial, M., Fiuza-Luces, C., Cristi-Montero, C., Emanuele, E., 

Garatachea, N., & Lucia, A. (2016). Physical activity and Alzheimer 

disease: a protective association. Mayo Clinic Proceedings, doi: 

https://doi.org/10.1016/j.mayocp.2016.04.024 

Schulz, K.-H., Gold, S. M., Witte, J., Bartsch, K., Lang, U. E., Hellweg, 

R., Reer, R., Braumann, K.-M., & Heesen, C. (2004). Impact of aerobic 

training on immune-endocrine parameters, neurotrophic factors, quality 

of life and coordinative function in multiple sclerosis. Journal of the 

neurological sciences, 225(1-2), 11-18.doi: 

https://doi.org/10.1016/j.jns.2004.06.009 

Seifert, T., Brassard, P., Wissenberg, M., Rasmussen, P., Nordby, P., 

Stallknecht, B., Adser, H., Jakobsen, A. H., Pilegaard, H., & Nielsen, H. 

B. (2010). Endurance training enhances BDNF release from the human 

brain. American Journal of Physiology-Regulatory, Integrative and 

Comparative Physiology, 298(2), R372-R377. doi: 

https://doi.org/10.1152/ajpregu.00525.2009 

Smith, P. J., Blumenthal, J. A., Hoffman, B. M., Cooper, H., Strauman, 

T. A., Welsh-Bohmer, K., Browndyke, J. N., & Sherwood, A. (2010). 

Aerobic exercise and neurocognitive performance: a meta-analytic 

review of randomized controlled trials. Psychosomatic medicine, 72(3), 

239. doi: https://doi.org/10.1097/PSY.0b013e3181d14633 

Steers, W. D., & Tuttle, J. B. (2006). Mechanisms of disease: the role 

of nerve growth factor in the pathophysiology of bladder disorders. 

Nature clinical practice Urology, 3(2), 101-110. doi: 

https://doi.org/10.1038/ncpuro0408 

Szuhany, K. L., Bugatti, M., & Otto, M. W. (2015). A meta-analytic 

review of the effects of exercise on brain-derived neurotrophic factor. 

Journal of psychiatric research, 60, 56-64. doi: 

https://doi.org/10.1016/j.jpsychires.2014.10.003 

Van Hoomissen, J. D., Chambliss, H. O., Holmes, P. V., & Dishman, R. 

K. (2003). Effects of chronic exercise and imipramine on mRNA for 

BDNF after olfactory bulbectomy in rat. Brain Res, 974(1-2), 228-235. 

https://doi.org/10.1016/s0006-8993(03)02584-8 

Vaynman, S., Ying, Z., & Gomez-Pinilla, F. (2003). Interplay between 

brain-derived neurotrophic factor and signal transduction modulators in 

the regulation of the effects of exercise on synaptic-plasticity. 

Neuroscience, 122(3), 647-657. doi: 

https://doi.org/10.1016/j.neuroscience.2003.08.001 

Vaynman, S., Ying, Z., & Gómez‐Pinilla, F. (2004). Exercise induces 

BDNF and synapsin I to specific hippocampal subfields. Journal of 

neuroscience research, 76(3), 356-362. doi: 

https://doi.org/10.1002/jnr.20077 

Vaynman, S., Ying, Z., & Gomez‐Pinilla, F. (2004). Hippocampal BDNF 

mediates the efficacy of exercise on synaptic plasticity and cognition. 

European Journal of neuroscience, 20(10), 2580-2590. doi: 

https://doi.org/10.1111/j.1460-9568.2004.03720.x 

Walsh, J. J., D'Angiulli, A., Cameron, J. D., Sigal, R. J., Kenny, G. P., 

Holcik, M., Doucette, S., Alberga, A. S., Prud'homme, D., & 

Hadjiyannakis, S. (2018). Changes in the brain-derived neurotrophic 

Matthews, V. B., Åström, M.-B., Chan, M., Bruce, C. R., Krabbe, K., 

Prelovsek, O., Åkerström, T., Yfanti, C., Broholm, C., & Mortensen, O. 

H. (2009). Brain-derived neurotrophic factor is produced by skeletal 

muscle cells in response to contraction and enhances fat oxidation via 

activation of AMP-activated protein kinase. Diabetologia, 52(7), 1409-

1418. doi: https://doi.org/10.1007/s00125-009-1364-1 

Nazari, Y., Nikbakht, M., Habibi, A., & Shakeryan, S. (2016). Acute and 

Chronic Effects of Combined Training on Brain-Derived Neurotrophic 

Factor Levels and Its Association with Anthropometric Variables in 

Overweight Men. Annals of Military and Health Sciences Research, 

14(4).  doi: https://doi.org/10.5812/amh.13037 

Nourollahi, Z., & Eslami, R. (2019). Studying The Effect Of 8 Weeks Of 

Hict On Serum Levels Of Bdnf And Irisin And Body Weight In Elderly 

Women With Metabolic Syndrome. Iranian Journal of Diabetes and 

Metabolism, 18(4), 221-227. doi: http://ijdld.tums.ac.ir/article-1-5823-

en.html 

Numakawa, T., Suzuki, S., Kumamaru, E., Adachi, N., Richards, M., & 

Kunugi, H. (2010). BDNF function and intracellular signaling in neurons. 

Histology and histopathology. doi: http://hdl.handle.net/10201/42576 

Pedersen, B. K. (2019). Physical activity and muscle–brain crosstalk. 

Nature Reviews Endocrinology, 15(7), 383-392. doi: 

https://doi.org/10.1038/s41574-019-0174-x. 

Radak, Z., Suzuki, K., Higuchi, M., Balogh, L., Boldogh, I., & Koltai, E. 

(2016). Physical exercise, reactive oxygen species and 

neuroprotection. Free Radical Biology and Medicine, 98, 187-196. doi: 

https://doi.org/10.1016/j.freeradbiomed.2016.01.024 

Rasmussen, P., Brassard, P., Adser, H., Pedersen, M. V., Leick, L., 

Hart, E., Secher, N. H., Pedersen, B. K., & Pilegaard, H. (2009). 

Evidence for a release of brain‐derived neurotrophic factor from the 

brain during exercise. Experimental physiology, 94(10), 1062-1069. 

doi: https://doi.org/10.1113/expphysiol.2009.048512 

Roh, H.-T., & So, W.-Y. (2017). The effects of aerobic exercise training 

on oxidant–antioxidant balance, neurotrophic factor levels, and blood–

brain barrier function in obese and non-obese men. Journal of sport 

and health science, 6(4), 447-453. doi: 

https://doi.org/10.1016/j.jshs.2016.07.006 

Roh, H.-T., Cho, S.-Y., & So, W.-Y. (2020). A cross-sectional study 

evaluating the effects of resistance exercise on inflammation and 

neurotrophic factors in elderly women with obesity. Journal of clinical 

medicine, 9(3), 842. doi: https://doi.org/10.3390/jcm9030842 

Rosas-Vargas, H., Martínez-Ezquerro, J. D., & Bienvenu, T. (2011). 

Brain-derived neurotrophic factor, food intake regulation, and obesity. 

Archives of medical research, 42(6), 482-494.doi: 

https://doi.org/10.1016/j.arcmed.2011.09.005 

Sandrini, L., Di Minno, A., Amadio, P., Ieraci, A., Tremoli, E., & Barbieri, 

S. S. (2018). Association between obesity and circulating brain-derived 

neurotrophic factor (BDNF) levels: systematic review of literature and 

meta-analysis. International journal of molecular sciences, 19(8), 2281. 

doi: https://doi.org/10.3390/ijms19082281 

 

https://doi.org/10.1016/j.mayocp.2016.04.024
https://doi.org/10.1016/j.jns.2004.06.009
https://doi.org/10.1152/ajpregu.00525.2009
https://doi.org/10.1097/PSY.0b013e3181d14633
https://doi.org/10.1038/ncpuro0408
https://doi.org/10.1016/j.jpsychires.2014.10.003
https://doi.org/10.1016/s0006-8993(03)02584-8
https://doi.org/10.1016/j.neuroscience.2003.08.001
https://doi.org/10.1002/jnr.20077
https://doi.org/10.1111/j.1460-9568.2004.03720.x
https://doi.org/10.1007/s00125-009-1364-1
https://doi.org/10.5812/amh.13037
http://ijdld.tums.ac.ir/article-1-5823-en.html
http://ijdld.tums.ac.ir/article-1-5823-en.html
http://hdl.handle.net/10201/42576
https://doi.org/10.1038/s41574-019-0174-x
https://doi.org/10.1016/j.freeradbiomed.2016.01.024
https://doi.org/10.1113/expphysiol.2009.048512
https://doi.org/10.1016/j.jshs.2016.07.006
https://doi.org/10.3390/jcm9030842
https://doi.org/10.1016/j.arcmed.2011.09.005
https://doi.org/10.3390/ijms19082281


Review article                                          Journal of Exercise & Organ Cross Talk. 2022; 2 (3): 112-122. doi: 10.22034/jeoct.2022.357541.1051 

122 
 

 

J
o

u
rn

a
l 

o
f 

E
x
er

ci
se

 &
 O

rg
a

n
 C

ro
ss

 T
a

lk
 

J
o

u
rn

a
l 

o
f 

E
x
er

ci
se

 &
 O

rg
a

n
 C

ro
ss

 T
a

lk
 

 factor are associated with improvements in diabetes risk factors after 

exercise training in adolescents with obesity: the HEARTY randomized 

controlled trial. Neural plasticity, 2018. doi: 

https://doi.org/10.1155/2018/7169583 

Williams, J. W., Plassman, B. L., Burke, J., & Benjamin, S. (2010). 

Preventing Alzheimer's disease and cognitive decline. Evidence 

report/technology assessment(193), 1-727.doi: 

https://doi.org/10.7326/0003-4819-154-3-201102010-00014 

Woo, J., Roh, H.-T., Park, C.-H., Yoon, B.-K., Kim, D.-Y., & Shin, K.-O. 

(2019). Effect of resistance training at different intensities on 

hippocampal neurotrophic factors and peripheral CCL11 levels in 

obese mice. Journal of the Korean Applied Science and Technology, 

36(3), 876-884.doi: https://doi.org/10.12925/jkocs.2019.36.3.876 

Woo, J.-H. (2012). The effects of exercise on neurotrophins, 

hepatocyte growth factor (HGF), and oxidative stress in obese children. 

Journal of Life Science, 22(5), 569-574. doi: 

https://doi.org/10.5352/JLS.2012.22.5.569 

Wrann, C. D., White, J. P., Salogiannnis, J., Laznik-Bogoslavski, D., 

Wu, J., Ma, D., Lin, J. D., Greenberg, M. E., & Spiegelman, B. M. 

(2013). Exercise induces hippocampal BDNF through a PGC-

1α/FNDC5 pathway. Cell metabolism, 18(5), 649-659. doi: 

https://doi.org/10.1016/j.cmet.2013.09.008 

 

https://doi.org/10.1155/2018/7169583
https://doi.org/10.7326/0003-4819-154-3-201102010-00014
https://doi.org/10.12925/jkocs.2019.36.3.876
https://doi.org/10.5352/JLS.2012.22.5.569
https://doi.org/10.1016/j.cmet.2013.09.008

