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Abstract
Purpose Glucose dysregulation is one of the distinctive features of type 2 diabetes that is associated with an increased risk of
cognitive impairment and dementia. The low concentrations of brain-derived neurotrophic factor (BDNF) are reported in people
with insulin resistance, metabolic syndrome, and type 2 diabetes. BDNF can be increased by an adjustment in lifestyle including
caloric restriction and exercise training. Studies have reported controversial findings about physical activity and its association
with BDNF, but there is no comprehensive conclusions on this issue. The aim of this study was to systematically review the
effects of exercise training on BDNF levels in patients with type 2 diabetes.
Methods The electronic databases of Embase, Pedro, PubMed, Medline, Cochrane Library, as well as the Google Scholar search
enginewere used to obtain the related data about the role of exercise training onBDNF levels in patients with type 2 diabetes. The
search period was set from inception to August 2019. Keywords of “exercise”, “training”, “physical activity”, “brain-derived
neurotrophic factor”, “type 2 diabetes”, and “randomized clinical trials”, were used in persian and English. The PEDro scale was
used to evaluate the quality of the included articles. Results. Finally, 11 articles (four human and seven animal articles) with
medium to high quality were included in the study which 5 articles reported elevation (one human and four animal articles), 4
articles reported a reduction (one human and three animal articles), and 2 articles reported no changes (both of them in human
articles) in BDNF level following the exercise training.
Conclusion Decreased energy intake and increased energy expenditure through exercise training may modulate BDNF levels in
patients with type 2 diabetes.
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Introduction

The prevalence of diabetes and obesity in Western societies is
rapidly increasing due to the consumption of high-calorie
foods and lack of physical activity [1]. Studies have shown
in 2013 that there were 382 million diabetics worldwide,
which is expected to reach 592 million by 2035 [2]. Type 2

diabetes is a condition characterized by insulin resistance and
insufficient compensation for insulin secretion resulting in
impaired glucose regulation [3]. People with diabetes are more
likely to have vascular and neurological damage than healthy
individuals, which may be the reason for increased rates of
cardiovascular disease and cognitive decline in diabetic pa-
tients [4–7]. Diabetes mellitus leads to a wide range of prob-
lems including peripheral nerve disorders [8]. Atrophy and
even neuron death can be due to decreased growth factors in
diabetic neuropathy [9]. Studies have also shown that diabetes
threatens the central nervous system and is associated with an
increased risk of developing neurodegenerative diseases [10,
11]. A variety of neurotransmitter abnormalities have been
described in association with diabetes that acetylcholine, be-
lieved to be important in mediating the cognitive effects of
AD. Amongst other blood brain barrier abnormalities reported
in association with diabetes is a reduced rate of choline
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transport which has been described in chronically diabetic
rats. Mitochondrial abnormalities have been proposed as pos-
sibly mediating cerebral dysfunction in Type 2 DM indepen-
dently of glycaemic control and neurotoxic processes may be
involved similar to those proposed for mediating peripheral
neuropathy via the aldose reductase pathway. Advanced
glycation end products (AGEPs) have been identified in the
matrix of neurofibrillary tangles and senile plaques in post-
mortem samples of AD brains. This raises the possibility of
glycation as a mechanism contributing to amyloidogenesis
and the assembling of tau protein molecules into neurofibril-
lary tangles in AD. Recently, in vitro studies revealed AGEP-
specific binding activity to apolipoprotein E (apo E). It is
therefore possible that AGEPs mediate crosslinking of apo E
to the insoluble fibrils and thereby participate in plaque for-
mation in AD. On the other hand, there is in vivo evidence for
glycation of tau extracted from AD brain. Perturbations in
vascular homeostasis that occur in diabetes may be due to
toxicity mediated through engagement of AGEPs by the
RAGE receptor. Expression of RAGE also occurs in the cen-
tral nervous system and it has been recently described that it’s
binding by b-amyloid, also an oxidizing agent (as are
AGEPs), triggers a neurotoxic cascade that may lead to neu-
ronal loss in AD. The signaling pathway triggered by IGF or
insulin appears to be important both in amyloid plaque forma-
tion and neuronal loss in AD and in amylin-induced toxicity in
diabetes. Insulin receptors are known to be dense in the hip-
pocampus, an area particularly affected in early AD and in-
creased levels of insulin have been shown to inhibit hippo-
campal synaptic activity in vitro. In addition insulin has been
shown to reduce choline acetyl transferase activity which
could potentially lead to adverse cognitive effects secondary
to depleted acetylcholine levels. An association between dia-
betes and AD may exist due to similar biochemical pathways
controlled by IGF-I or insulin [11].

Neurotrophins are known as regulators of neuronal process-
es mainly through TrK receptor tyrosine kinases. Also, there is
some suggestion that trophic factors are critical modifiers of the
structure and function of neuromuscular networks [12].
Mammalian neurotrophins include nerve growth factors
(NGF), neurotrophin-3 (NT-3), neurotrophin-4/5 (NT-4/5),
and brain-derived neurotrophic factor (BDNF) levels [13, 14].
NGF was shown to be internalized by receptor-dependent
mechanisms and to be transported for vast distances along
axons in small membrane vesicles by an energy and
microtubule-dependent mechanism with eventual degradation
of NGF in lysosomes. NGF is also synthesized in mast cells
and is released following mast cell activation. NT-3 expression
is observed in muscle spindles and the ventral spinal cord, both
targets of proprioceptive Ia afferents, consistent with NT-3
functioning as a target-derived trophic factor. These neurons
are lost almost immediately after neurogenesis, however, which
suggests that they depend on NT-3 provided initially by

intermediate targets. BDNF and NT-4 are specific for TrkB
[13]. BDNF as a most essential neurotrophic factor in the brain
is thought to be the critical mechanism in the learning process,
behaviors, movements, memory and a wide range of stress
responses [15]. It has been suggested that BDNF can regulate
and promote neurogenesis, neuroplasticity, and cell survival in
the central nervous system [16]. In addition, BDNF has been
reported to stimulate the production of Bcl-2 (B cell lymphoma
2), antioxidant enzymes, and proteins involved in calcium reg-
ulation that prevent the death of cultured neurons in the labo-
ratory [17]. According to new findings, BDNF appears to be a
myokine that by the autocrine or paracrine method, has strong
effects on peripheral metabolism including lipid oxidation and
subsequently on fat mass [18, 19]. In general, BDNF is pro-
duced and distributed by platelets in peripheral and central
nervous systems, endotheliocytes, smooth muscle,
immunocytes, and skeletal muscle [20]. Low levels of BDNF
are associated with cognitive/learning dysfunction, depression,
neurodegenerative conditions, and mortality [21–24]. The ef-
fects of diabetes on the hippocampal neuronal structure are
qualitatively similar to the effects of BDNF signaling restric-
tion. So that, the increase in trkB truncated receptor expression
in combination with the reduced neuronal expression of BDNF
protein in hippocampus and temporal cortex may contribute to
the progressive atrophy of basal forebrain cholinergic neurons
associated with Alzheimer’s disease as well as to the loss of
hippocampal neuronal populations [21].

Studies have shown that serum and plasma levels of BDNF in
patients with type 2 diabetic are lower than in non-diabetic indi-
viduals and high levels of cognitive impairment in diabetic indi-
vidualsmay be the result of low levels of BDNF [25, 26]. Similar
findings have been reported in non-diabetic individuals, such that
low levels of the serum BDNF are associated with insulin resis-
tance and fat mass [27]. Conversely, other studies have found an
inverse relationship between serum levels of theBDNF and these
factors in type 2 diabetic patients [28].

Nutrition and exercise are the first lines of intervention to
slow down the progression of metabolic disorders associated
with pre-diabetes and type 2 diabetes [29]. so that, by modi-
fying the level of circulating insulin required to maintain glu-
cose homeostasis in insulin-resistant individuals, variations in
diet composition have the ability to either accentuate, or atten-
uate, the manifestations of the insulin resistance [1]. Physical
activity has a potential therapeutic effect on glucose regulation
and cardiovascular health, while either of these is at risk may
threaten cognitive integrity [30–33]. Studies have shown that
increased physical activity improves cognitive function, pe-
ripheral nerve function, and vascular function through vascu-
lar remodeling, angiogenesis, and neurogenesis [34–38].In
human and animal studies, growth factors with angiogenic
and neurotrophic features (IGF-1, VEGF, and BDNF) are in-
volved in vascular and neurological repair [39–41]. The re-
sults of animal studies have shown that imbalance and
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impairment of the response of these factors are likely the
causes of vascular disorder and neuropathy in elderly and
diabetic patients [42, 43]. BDNF can increase via intervention
in lifestyle through the combination of caloric restriction and
exercise training [44, 45]. Voluntary wheel running and calo-
ric restriction increase the BDNF levels in the hippocampus
and improve peripheral metabolism [46–49].Many studies
suggest that the improvement of peripheral metabolism is
caused by changes in central metabolic markers with conse-
quences on neuronal function [50, 51]. It has been found that
rats with high levels of voluntary wheel running, indicate an
improved peripheral metabolism, and greater exercise-
induced up regulation in the hippocampal BDNF [52]. The
results of studies on animals also indicate increasing BDNF
in hippocampus after activity and improvement of memory
and learning processes [53]. This metabotropic hypothesis
for the effects of exercise and caloric restriction on the struc-
ture and biochemistry of the hippocampus is potentially rele-
vant to the treatment and prevention of neurodegenerative
diseases. The results of previous studies on the effect of exer-
cise training on BDNF levels are controversial not clear; some
studies have shown elevated serum and plasma levels of
BDNF after aerobic training, while other studies have not
shown a significant change in BDNF levels after both aerobic
and resistance training [37, 54–58]. Despite the importance of
the subject, there is no systematic review in this area, so the
present study aimed to systematically review the articles pub-
lished to examine the effects of exercise training on BDNF
levels in patients (human and animal) with Type 2 diabetes.

Materials and Methods

Search Strategy

The present study was a systematic review. All steps of the
research, including searching, reviewing articles, and
extracting the required information were performed indepen-
dently by two researchers and if there were disagreements, it
was solved by discussion. The electronic databases of
Embase, Pedro, PubMed, Medline, Cochrane Library, as well
as the Google Scholar search engine were searched to find
related articles about the role of exercise training in the
BDNF levels in patients with type 2 diabetes. The search
period was set from the inception to August 2019.
Keywords of Exercise, training, physical activity, brain-
derived neurotrophic factor, type 2 diabetes, and
Randomized clinical trials, were used in Persian and English.

Inclusion and Exclusion Criteria

Inclusion criteria included randomized controlled trials, hav-
ing or induction of type 2 diabetes in subjects, a variety of

exercise interventions, assessment of gene/protein expression
of BDNF, and having no other disease. Studies without con-
trol group and also Review Articles excluded from the review.
Also, search was not restricted to either human or animal
articles.

Data Extraction

Final included articles reviewed and pre-prepared by a check-
list and the required data was extracted. The extracted data
included authors’ names, publication year and quality score,
subject characteristics (sample size, mean of the age, gender,
and clinical conditions), independent variables (training type,
time of each session, training frequency and volume), controls
group attribute, dependent variables (glucose and insulin) and
the results of study.

Evaluating the Quality of Articles

The PEDro scale was used to evaluate the quality of the arti-
cles [59]. The PEDro is a qualitative scale for rating of ran-
domized controlled trials in which the studies rate from 0 to
10; and includes 11 following criteria: specification of eligi-
bility criteria for subjects; random and concealed allocation of
subjects to groups; baseline similarity of the groups regarding
the most important prognostic indicators; blinding of subjects,
therapists, and assessors; measuring at least one key outcome
from more than 85% of the subjects initially allocated to
groups; reporting the results of between-group statistical com-
parisons for at least one key outcome; providing both point
estimate and measures of variability for at least one key
outcome.

Results

Forty-three articles found in this study based on searching of
related keywords. Seventeen articles that were duplicated,
were eliminated from the list; so, 26 articles remained, of
which 18 had full-text. Besides, 7 articles excluded due to lack
of exercise training intervention and lack of control group.
Finally, 11 articles (4 human studies [45, 60–62], 6 rat studies
[63–68] and 1 mouse study [69]) included in the review that
conducted between 2009 and 2017 (Fig. 1). The total included
subjects in this systematic review were 230 human subjects
(120 females and 110 males), 200 male Wistar rats and 48
male mice. The summary of extracted data of human and
animal studies are presented in Table 1 and Table 2, respec-
tively. In addition, brain-derived neurotrophic factor (BDNF)
was the primary and key outcome, and some variables such as
glucose (6 studies [60, 61, 65, 66, 69]), and insulin (4 studies
[60, 61, 68, 69]) were the secondary outcomes.
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The quality of the animal studies was at least 6 [64, 66, 68,
69] and at most 8 [63, 67] according to the PEDro scale. The
quality of all human studies was 5, and the major reasons for
this score were: low sample size; non-random allocation of
subjects to groups; the high age range of subjects; and the lack
of blinding of all subjects, all therapists who administered the
therapy, and also all assessors who measured at least one key
outcome.

Descriptive of Included Studies

In a study, Baker et al. (2010) found that 6 months of aerobic
training (treadmill, stationary bicycle, or elliptical trainer) with
75%–85% of heart rate reserve decreased serum BDNF levels
in men with glucose intolerance. Besides, the body fat per-
centage, body mass index, glucose and insulin in the aerobic
training group were not different from the control group
[60].On the other hand, Stomby et al. (2017) showed that
serum BDNF levels increased following combined exercise
(50% aerobic and 50% resistance training) with and without
the paleolithic diet in obese and overweight individuals with
type 2 diabetes. Also, there was a significant decrease in glu-
cose, insulin, body fat percentage and bodymass index in both
exercise and diet groups [61]. In two studies by Lee et al.
(2014) and Swift et al. (2012), there was no significant change
in BDNF levels following aerobic, resistance and combined
training in type 2 diabetic subjects, respectively [45, 62]. Also,
in the Lee et al. (2014) study, body weight, body mass index,
and body fat percentage decreased significantly in the obese
group, whereas those in the diabetic group increased

significantly [45]. Additionally, Eslami et al. (2016) found that
aerobic exercise increased BDNF gene expression in the sen-
sory and motor nerve roots of number 4, 5 and 6 of lumbar
vertebrae in diabetic rats. In addition, aerobic exercise signif-
icantly suppressed diabetes-induced weight loss in the
diabetic-exercise group compared to the diabetic-control
group, but did not change in the healthy control group. Also,
aerobic exercise significantly reduced the glucose level of the
diabetic-exercise group compared to the diabetic-control
group [63].Also, Salehi et al. (2010) found that swimming
exercise reduced the BDNF gene and protein expression of
the hippocampus of diabetic rats [67]. In addition, Kim et al.
(2015) reported that resistance training reduced BDNF protein
expression of the soleus muscle of type 2 diabetes rats. Weight
and glucose levels of the diabetic-trained group were signifi-
cantly lower than the control-diabetic group [65]. Rashidi
Molaei, Kazemi, & Rahmati (2016) showed that untrained
diabetics found a significant decrease in BDNF gene expres-
sion and blood glucose levels [66]. The results of Hajizadeh
Moghaddam et al. (2012) further showed that six weeks of
voluntary wheel running and consumption of Allium
paradoxum can increase BDNF, which may be useful in
counteracting the deleterious effects of diabetes and its asso-
ciated oxidative stress [64]. Salehi & Hoseini (2017) also
found that eight weeks of moderate- and high-intensity endur-
ance training significantly increased BDNF levels but had no
effect on insulin levels in rats [68]. Moreover, Stranahan et al.
(2009) showed that aerobic exercise and caloric restriction
could increase hippocampal BDNF levels in diabetic rats.
Also, the combination of running and caloric restriction

Articles included in the 

systematic review 

(n =11)

Articles with full-text 

(n =18)

Articles excluded: 

- Lack of exercise intervention 

- Lack of control group

Articles identified through database searches

(n=43)

Articles after exclusion of duplicates

(n=26)

Fig. 1 Process of exclusion and
inclusion of articles in the
systematic review
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reduced glucose levels. Insulin levels were the lowest in the
diet-inactive group. In addition, caloric restriction and its com-
bination with running resulted in significant weight loss [69].

In conclusion, endurance training in 4 studies with
quality score of 8 and 6, had incremental effect [63,
64, 68, 69], in 3 studies with quality score of 5, 6
and 8, had reduction effect [60, 66, 67] and in 2 studies
with quality score of 5 had a neutral effect [45, 62] on
BDNF levels of diabetic subjects. Also, resistance train-
ing in two studies with a quality score of 7 had a
reduction [65] and neutral effect [62] on subjects’
BDNF levels. Combined exercise also had a neutral
[62] and an increasing effect [61] in two studies with
a quality score of 5 on BDNF levels. In addition, the
decreasing effect of exercise activity on glucose and
insulin levels was observed in type 2 diabetic subjects,
in 5 studies with a quality score of 5 to 8, and 2 studies
with a quality score of 5, respectively.

Discussion and Conclusion

The purpose of this systematic review was to investigate the
effect of exercise training on BDNF levels in type 2 diabetes
patients. Reported results of 5(one human and four animal
articles), 4(one human and three animal articles) and 2 studies
(both of them in human articles) showed an increasing, de-
creasing and neutral effects of exercise training, respectively,
on BDNF levels. The results of the 6 studies (two human and
four animal articles) showed a decreased level of glucose.
Besides, the results of 2 studies (both of them in human arti-
cles) also reported a decreasing effect of exercise training on
insulin levels.

Obesity is linked to thousands of devastating health conse-
quences, such as cognitive dysfunction in childhood, in-
creased risk of Alzheimer’s disease and dementia during the
late-life period, possibly due to an increase in inflammatory
cytokines that have systemic effects associated with the

Table 1 Summary of studies evaluating the effect of exercise training on BDNF levels and related metabolic indicators in patients with type 2 diabetes
(human studies)

Author-Date/
PEDro Quality

Participants Experimental
Group(Independent Variable)

Control Group Dependent
Variable

Results

Baker et al.
(2010)/5 [60]

28 men (57–83 years old)
suffering from glucose
intolerance Groups:
Training and Control.

Aerobic training (elliptical
machine, ergometer cycle or
treadmill) during 6 months,
4 sessions per week, each
session 45–60 min, with
intensity 75% -85% of heart
rate reserve.

balance and stretching
training, 6 months, 4
sessions per week, each
session 45–60 min,
with intensity ≤50% of
the heart rate reserve.

BDNF Glucose
Insulin

Insignificant changes in all
variables

Lee et al.
(2014)/5 [45]

26 adolescents (13–19 years
old); 17 boys and 9 girls;
healthy, obese, and with type
2 diabetes. Groups:
Diabetes-Training,
Obese-Training, and
Healthy inactive.

Diabetic and obese groups.
Aerobic training (walking
and running), 12 weeks, 3
sessions per week, with 50%
- 60% VO2max, each ses-
sion 40–60 min.

Age matching of
participants of the
control group based on
other groups

BDNF Significant increase of
BDNF in the obese
group

Swift et al.
(2012)/5 [62]

150 men and women
(30–75 years old), 86
women and 64 men,
suffering from type 2
diabetes

Groups: aerobic training,
resistance training,
concurrent training, and
without training.

Aerobic training: 50%–80%
VO2max. Resistance
training: 3 sessions per
week, each session
consisting of 2 sets of 4
exercises for the upper
trunk, 3 sets of 3 exercises
for the lower trunk, and 2
sets of 2 exercises for core
(each set with 10–12 repeti-
tions). Concurrent training:
2 sessions per week, each
session consisting of 1 set of
9 exercises.

Recommended weekly
stretching and
relaxation exercises
and maintaining daily
activity for 9 months

BDNF Insignificant changes in
serum BDNF levels
after aerobic, resistance
and concurrent training
compared to the control
group.

Stomby et al.
(2017)/5 [61]

30 participants (men:
30–75 years old, and wom-
en: up to 75 years old),
obese and overweight with
type 2 diabetes. Groups:
Paleolithic diet, Paleolithic
diet-training, and training.

12 weeks, 3 sessions per week,
each session 60 min of
resistance and aerobic
training.

Consumption of pure
meat, fish, eggs, fruits,
berries, vegetables and
nuts.

BDNF Glucose
Insulin

BDNF elevation in both
diet and training-diet
groups. Significant re-
duction in glucose and
insulin in both diet and
training-diet groups.
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Table 2 Summary of studies evaluating the effect of exercise training on BDNF levels and related metabolic indicators in patients with type 2 diabetes
(animal studies)

Author-Date/
PEDro Quality

Animals Experimental Group
(Independent Variable)

Control Group Dependent
Variable

Results

Eslami et al.
(2016)/8 [63]

28 male Wistar rats,
10 months old. Diabetes
Induction by
intraperitoneal injection of
streptozotocin. Groups:
Healthy-Training,
Diabetes-Training,
Healthy-Inactive, and
Diabetes-Inactive.

Treadmill running with
moderate-intensity (50%
-55% VO2max), 6 weeks,
5 session per week, 30 min
per session, speed of 10 m
in the minute of 24, for
10 min at speeds of
18–17 m per minute.

water and food
feeding without
training

BDNF
Glucose

Significant compensation of
BDNF reduction-induced
by diabetes mellitus in the
Diabetic-Training Group
compared to
Diabetic-Control Group at
the sensory and motor roots
of the lumbar nerves (ab-
solute values were still
lower than in the
Healthy-Control Group).
Significant reduction of
glucose in the
Diabetic-Training Group
compared to
Diabetic-Control Group.

Salehi et al.
(2010)/8 [67]

48 male Wistar rats,
12-week-old. Diabetes
Induction by
intraperitoneal injection of
streptozotocin. Groups:
Healthy-Training,
Diabetes-Training,
Healthy-Inactive, and
Diabetes-Inactive.

Swimming, 8 weeks, 6
Session per week, one hour
per session.

Keeping in the lab
and in the same
conditions of
animals of the
training group,
without
swimming.

BDNF Increased BDNF mRNA and
protein gene expression in
response to diabetes
induction. Significant
decrease in BDNF gene
content and expression in
diabetic rats in adaptation
to training compared to the
control group.

Kim et al. (2015)/7
[65]

18 Male Rats, Genetic Model
of Type 2 Diabetes,
6 weeks. Groups: Active
and inactive obese male
rats, inactive lean male rats.

Progressive resistance training
using a ladder and a weight
attached to the tail of the
rat, 8 weeks, 3 days per
week (rats should reach the
top of the ladder at 50% of
their body weight and rest
after 2 min, increasing by
20 g each time, this process
repeated 10 times).

Without training BDNF
Glucose

Significant decrease in BDNF
levels in the active obese
group compared to the
inactive obese group.
Significant decrease in
glucose level of active
obese group compared to
inactive obese group.

Stranahan et al.
(2009)/6 [69]

Two groups, 24 male mice
(one month old), ethnic
background C57Bl/6,
db/db mutant, and wild
type. Groups:
Training-Caloric
restriction, Training-fed ad
libitum, Inactive-Caloric
restriction, Inactive-fed ad
libitum (in mutated and
wild-type groups)

Nutrition restriction: 60% of
fed animals and once daily,
The daily record of mice’s
activities with software.
The daily record of exercise
activity (number of
pedaling per day) on a
wheel running with the
software. 12 weeks.

Keeping in cage
without wheel
running

BDNF
Glucose
Insulin

Significant increase in BDNF
levels with caloric
restriction, training, or their
combination in the db/db
group, the elevation was
higher in the wild group.
Significant reduction in
glucose between groups
with combined running and
caloric restriction.
Significant decrease in in-
sulin in the inactive-caloric
restriction group.

Rashidi Molaei,
Kazemi, &
Rahmati
(2015)/6 [66]

16 male Wistar rats (two
weeks old). Diabetes
induction by streptozotocin
injection. Groups:
diabetes-control,
diabetes-training,
healthy-control, and
healthy-training.

Endurance training, 6 weeks,
Moderate intensity, (speed
of 10 m/min at first week,
17–18 m/min for 30 min).

Without training BDNF
Glucose

Significant decrease in BDNF
expression and blood
glucose level in the
diabetes-training group

Hajizadeh
Moghaddam

42male rats (eight weeks old).
Diabetes induction by

6 weeks of voluntary wheel
running.

BDNF Increased hippocampal
BDNF in voluntary wheel
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glycemic disorder and the onset of type 2 diabetes pathology.
BDNF has neurologic and metabotropic effects, including
regulation of whole-body energy homeostasis and nutritional
behavior, skeletal muscle fat oxidation, beta-cell function, and
hepatic glycemic control. Low levels of circulating BDNF are
associated with both neurological and metabolic status such as
severe depressive disorder, Alzheimer’s disease, obesity, and
type II diabetes. BDNF is widely expressed in the brain (main-
ly in the hippocampal, cortex cerebri, hypothalamic and cere-
bral areas) of growing and adult subjects. Central BDNF can
pass from the blood-brain barrier and be stored in other pe-
ripheral tissues. However, peripheral tissues such as skeletal
muscle and adipose tissue are able to express BDNF, which
does not enter circulation. Through activation of the tropomy-
osin kinase B receptor, BDNF plays an important role in many
aspects of adult brain development and plasticity such as pro-
liferation, differentiation, neuronal survival, neurogenesis,
synaptic plasticity, dendritic growth, long-term neuronal am-
plification and cognitive function [70, 71].In fact, high levels
of BDNF are associated with spatial, episodic, cognitive, and
verbal memory as well as hippocampal function. In addition,
decreased BDNF levels, especially in the elderly, have been
associated with hippocampal atrophy, which may lead to
memory impairment [70]. Findings have also shown that
BDNF is involved in central metabolic pathways andmediates
energymetabolism in the peripheral organs. Numerous studies
have shown that BDNF has specific effects on the central
pathways involved in the regulation of appetite and energy
expenditure. BDNF also probably regulates glucose metabo-
lism. Serum BDNF has a direct relationship with metabolic

syndrome risk factors such as body mass index, total choles-
terol, and triglycerides. Plasma BDNF has also been inversely
correlated with insulin resistance [72].

Recent studies on obese and diabetic animal models have
shown that administration with BDNF significantly inhibits
blood glucose, food intake, and body weight gain associated
with food intake, while it improved energy expenditure, glu-
cose and lipid metabolism, and the resistance of the sympa-
thetic nervous system [18, 19, 71, 72] . New findings suggest
that the BDNF signaling pathway in the hypothalamus has the
potential to regulate energy homeostasis, controlling body
weight and nutritional behavior. In addition, BDNF has been
identified as a protein derived from contraction-induced mus-
cle cells that can increase lipid oxidation in skeletal muscle
through the AMPK signaling pathway. It has also been proven
that factors such as age, sex, and weight affect BDNF circu-
lation [71]. In fact, adults with obesity and adults with type 2
diabetes have significantly lower circulating BDNF levels
than lean and nondiabetic adults, possibly due to
hyperglycemic-induced plasma BDNF reduction. Recently,
it has been suggested that BDNF may have an etiological role
in obesity and metabolic syndrome through evolutionary pro-
gramming in the uterus of phenotypes with obesity and type 2
diabetes. In addition, overexpression of hypothalamic BDNF
facilitates conversion of white to brown adipose tissue through
sympathetic nerve activity, increases the energy expenditure
and decreases the plasma glucose levels.

Recent findings have shown that exercise training can be
considered as a potential strategy for BDNF activity induction
to improve cognitive function and mental status. Muscle

Table 2 (continued)

Author-Date/
PEDro Quality

Animals Experimental Group
(Independent Variable)

Control Group Dependent
Variable

Results

et al. (2012)/6
[64]

alloxan monohydrate
injection. Groups: control,
training, diabetes-training,
diabetes-control,
diabetes-alum,
diabetes-alum-training.

Without training
with alum
feeding

running with alum
paradoxoxum.

Salehi & Hoseini
(2017)/6 [68]

48 male rats, diabetes
induction by
streptozotocin. Groups:
diabetic rats sacrificed at
first-week, diabetic rats
sacrificed at last week,
diabetic rats doing
moderate-intensity endur-
ance training, diabetic rats
doing High-intensity en-
durance training, healthy
rats sacrificed at first week,
healthy rats sacrificed at
last week.

Eight weeks treadmill
running, three sessions per
week, 60 min per session,
at speed of 10–17 m/min
and 17–28 m/min.

Without training BDNF
Insulin

8 weeks of moderate to high
intensity endurance
training significantly
increased BDNF levels.
But did not affect insulin
levels in diabetic rats.
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contraction over-regulates BDNF production in cultured mus-
cle cells, and voluntary endurance exercise express both pro-
tein content of BDNF in skeletal muscle of rodents and gene
mRNA in multiple brain areas such as the hippocampus and
spinal cord. Similarly, endurance exercise increases BDNF
expression and protein content and acutely increases systemic
BDNF concentrations in humans. The brain has also been
shown to be the main source of systemic BDNF in response
to endurance training. Taken together, studies have shown that
endurance training can over-regulate tissue BDNF expression
and transiently elevate systemic BDNF concentrations, which
may subsequently induce metabolic and neurobiological ad-
aptations in peripheral and central tissues. Resistance training
is also a likely stimulus for the release of different neuroendo-
crine and growth factors from skeletal muscle and other tis-
sues. However, resistance exercise may acutely stimulate
BDNF elevation due to partially transient hormonal responses
to exercise similar to observations during endurance exercise
and intensive short-term aerobic exercise [71].In a meta-
analysis examining the effect of 3 exercise patterns on
BDNF levels of non-diabetic subjects, it was found that pe-
ripheral concentrations of BDNF had a significant but tran-
sient elevation in response to acute aerobic exercise. Besides,
regular aerobic training showed a sustained increase in BDNF
levels. But, the acute and chronic effects of resistance training
showed no significant change on BDNF levels [70].

According to the present systematic review, the results of
the Eslami et al. (2016), Hajizadeh Moghaddam et al. (2012),
Salehi & Hoseini (2017), Stranahan et al. (2009) and Stomby
et al. (2017) studies showed the increasingly effects of exer-
cise on BDNF levels in type 2 diabetic subjects [61, 63, 64,
68, 69]. These results are inconsistent with the findings of
Baker et al. (2010), Salehi et al. (2010), Kim et al. (2010)
and Rashidi Molaei, Kazemi, &Rahmati (2016) [60, 65–67].
Studies by Lee et al. (2014) and Swift et al. (2012) also re-
ported no significant change in BDNF levels in type 2 diabetic
subjects following exercise training [45, 62].The results
showed that weight loss-induced by exercise training associ-
ated with improvement of insulin sensitivity and glycemic
status in type 2 diabetes mellitus and modulation of BDNF
levels in these patients. The inverse relationship between ex-
ercise training and BDNF concentration is due to the mecha-
nism of BDNF absorption by the brain because BDNF can
pass two-way from the blood-brain barrier. In addition, the
peripheral BDNF has a positive relationship with cardiovas-
cular risk factors such as body mass index, visceral fat, tri-
glyceride, total cholesterol and fasting blood glucose. In addi-
tion, administration with BDNF reduced food intake and body
weight and improved hepatic insulin sensitivity in diabetic
animals. These results suggest that BDNF primarily regulates
food intake, and then consequently regulates body weight and
insulin sensitivity. Previous studies have found that exercise
training improves the glycemic and insulin status of patients

with type 2 diabetes [67]. According to this systematic review,
Baker et al. (2010) and Stomby et al. (2017) reported insig-
nificant changes and significant decreases in insulin and glu-
cose levels following exercise in type 2 diabetic subjects, re-
spectively [60, 61]. Also, Eslami et al. (2016), Stranahan et al.
(2009) and Rashidi Molaei, Kazemi, &Rahmati (2016) ob-
served a significant decrease in glucose following exercise
training in subjects with type 2 diabetes [63, 66, 69].

Since a limited number of type 2 diabetic patients do not
exercise training, therefore, it is recommended to patients to
do exercise safely and effectively [73]. The recommended
frequency for these individuals is at least three sessions per
week (in three non-consecutive days) [74, 75]. Recent studies
also suggest five sessions per week [76–78].Aerobic exercise
should be done at a moderate intensity with approximately
40–60% of maximal aerobic capacity, which greater benefits
likely to be achievable at >60% of maximal aerobic capacity.
Studies suggest that exercise intensity is more effective than
exercise volume for the improvement of type 2 diabetic indi-
viduals. People with type 2 diabetes need at least 150 min per
week of moderate to high-intensity exercise. Exercise training
should be continuous for at least 10 min and the total time
should be distributed throughout the week. Aerobic exercise
can be any form of activity that utilizes large muscle groups
and increases one’s heart rate. The best suggestion for control-
ling and maintaining the health of these patients is a combi-
nation of exercise, nutrition, and behavioral programs.

It is suggested that resistance training should be at least two
sessions per week (three sessions per week is the best) in non-
consecutive days as part of an exercise training program in
combination with aerobic training. The intensity of exercise
should be moderate (50% of one-repetition maximum) or in-
tensive (75–80% of one-repetition maximum).Each training
session should be included at least 5–10 exercises of the major
muscle groups (lower and upper trunk, and core) with (about
10–15) repetitions until fatigue threshold in each set at the
beginning of the workout program. The minimum recom-
mended set is 1 set, but up to 4 sets are available.
Individuals can increase the workout load when they are able
to repeat the moves above the specified number; so, they
should increase the number of sets and then the training fre-
quency. The desired target probability is a 6-month progres-
sion with 3 sessions per week, three sets with 8–10 repetitions
at 75–80% of one-repetition maximum.

Combination of aerobic and resistance training is better
than separate training. Flexibility training can be a part of
the exercise training program that cannot be substituted with
any other type of training. It is recommended to elderly people
with type 2 diabetes who are at high risk of falling to perform
flexibility exercises tomaintain and also improve their balance
ability. Flexibility training along with resistance training can
increase the range of motion of these patients and facilitate
their daily activities [73].
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The limitations of this systematic reviewwere the inclusion
of only English and persian articles in the study, the lack of
sufficient number of included articles and consequently the
entry of articles with medium quality based on the PEDro
scale. Besides, since the included studies were not similar
based on the type of interventions and their training intensity,
volume, and frequency, it was not possible to conduct a meta-
analysis. The strengths of this study were using the Cochrane
Library and the PRISMA Guideline [79] for running this sys-
tematic review, and no time limitation for searching the
databases.

According to literature, it seems necessary to evaluate the
concomitant effects of antioxidants supplementation such as
omega-3 polyunsaturated fatty acid and Alpha tocopherol [14]
long to exercise training in patients with type 2 diabetes which
has a reducing effect on oxidative stress and consequently can
modulate BDNF levels and improve cognitive function. Also,
considering the prevalence of depression in type 2 diabetic
patients and also the increased rate of the mortality of de-
pressed diabetic patients compared to non-depressed patients,
it seems important to investigate the effects of exercise on
cognitive factors related to depression, in addition to neuro-
trophic factors in these patients.
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