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Abstract
Objectives: Very few data on the role of exercise training on diabetic peripheral neuropathy have been reported.
The present study was aimed at investigating the effect of resistance- aerobic training for 16 weeks on Brain-derived
Neurotropicfactor (BDNF), Hemoglobin A1c (HbA1c), pain, and Michigan Neuropathy score among type-2 diabetic
patients with peripheral neuropathy.
Materials and methods: A total of 24 diabetic patients with peripheral neuropathy were randomly assigned to the
control (subject:11) and the experimental group (subject:13). The subjects in the experimental group were required
to follow a combined of resistance-aerobic training 3 sessions a week for 16 consecutive weeks. Blood samples
were taken from all of the participants once before the start of the study, and at the end of the first, second, third,
and fourth months. The pain felt by the subjects was measured with the Visual Analogue Scale concurrent with the
blood sampling procedure.
Findings: The results showed that resistance-aerobic training had no statistically significant effect on the BDNF,
Glucose, and HbA1c indexes of the experimental group at P>0.05. However, the level of pain, lower body limb
strength, and Michigan Neuropathy score of the experimental group subjects showed a meaningful improvement
compared to those of the subjects in the control group.
Conclusion: Although the BDNF serum level did not show any meaningful reduction after resistance-aerobic
training, the pain felt, strength, and Michigan neuropathy score improved. It seems highly likely that following
resistance-aerobic training can prevent the increase of glucose level in the blood and the reduction of BDNF level in
the blood.

Keywords: BDNF; Diabetic neuropathies; Exercise; Hemoglobin
A1c; Pain

Introduction
Diabetes has been considered as one of the most alarming
complications faced by the health care systems throughout the world in
the twentieth century. It is widely believed that the widespread changes
in the environment, life style, and behavioral patterns have led to
obesity and diabetes which almost always accompany obesity, often
referred to by the coined term diabesity encompassing both. Diabetes
is associated with some chronic side effects, the most common of
which is diabetic neuropathy. It is estimated that nearly 50% of diabetic
patients suffer from peripheral neuropathy which is directly associated
with poor diabetes control measures, often leading to therapeutic
amputations [1]. Patients suffering from neuropathic pain usually
complain about chronic consistent pain, burning, prickling and
tingling caused by gentle touch [2]. Pharmacological control and
management of neuropathic pain poses its own clinical challenges in
that despite the diverse medications available for the control of
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neuropathic pain, they are associated with some side effects [3].
However, non-pharmacological approaches such as electrical
stimulation of peripheral nerves, acupuncture, sonography, and regular
exercise have been extensively effective in the treatment of neuropathic
pain [4]. In addition, these approaches are beneficial because they
allow the long-term effects of type-2 diabetes and the additional costs
related to multiple medications prescribed, and the negative side
effects associated with drug combinations to be avoided [5].
Although the effect mechanism of exercise on neuropathic pain is
not fully understood, there is growing evidence indicating that regular
exercise is effective in improving the dysfunction caused by diabetes
and neuropathic pain [6]. Theoretically, the physical activity is likely
reduce the development of diabetes in diabetic neuropathy through
reducing and glucose level [7] and inflammation [8]. One of the
mechanism involved is the mechanism related to the effect of exercise
on the level of BDNF.
BDNF is one of the members of neurotrophin family considered
important for the constant neural functioning, providing support for
the survival of neurons in the peripheral and central nervous system.
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Neurotrophins function as support factors on nervous system,
preventing damage to neurons in diabetes [9]. Alexis et al. investigated
whether the increased level of neurotrophins induced by physical
activity could improve the functioning and structure of neurons in
diabetes [10]. The results obtained in their study revealed an increased
level of BDNF and a reduction of the destructive effect of diabetes on
the plasticity of hippocampus neurons.
With the same token, the results of the study performed by Kluding
et al., showed that a ten-week program of aerobic and resistance
training in patients with neurotrophic pain led to a decreased level of
pain and the neuropathic symptoms associated with neurotrophic pain
[11]. However, Swift et al., found that a program of nine months of
aerobic, resistance and combined training led to no significant changes
in the BDNF level among diabetic female patients [12].
The American Diabetes Association and The American College of
Sports Medicine confirmed that the rehabilitation program for diabetic
patients should involve a combination of aerobic and resistance
training so that the therapeutic benefits of both programs can be
obtained. It has been demonstrated that a combination of resistance
and aerobic exercise program is effective in controlling blood glucose
level and insulin activity, and in reducing the risk factors for
cardiovascular diseases [13].
The majority of studies done so far on diabetic individuals either
have focused on making comparisons between the potential effects of
aerobic exercises and those of resistance exercises, or have dealt with
the potential effects of one type of exercise such as aerobic exercise
[14,15], or have used animals as their subjects [16,17]. In addition, in
some of the studies done previously, although the guidelines suggested
by ACSM were generally followed, the efficient volume of the program
which could have highest effect on the indexes associated with the
disease was not dealt with. Given the widespread occurrence of
diabetes, the costs and side effects associated with it, the destructive
effect of diabetes on the life quality of the patients, and given that the
studies conducted so far have produced contradictory results about the
effect of exercise programs on reducing chronic and sever pain level
felt, the present study is aimed at investigating the potential effect of a
combined exercise program (resistance-aerobic) on BDNF, pain level,
and Michigan score among type -2 diabetic patients with peripheral
neuropathy.

Research Method
The population of the study consisted of all diabetic women
suffering from peripheral neuropathy living in Sabzevar. From among
these female patients, a sample of 24 Postmenopausal female patients
between 45 to 65 years old were selected. In the selection of the
subjects for the study, the following inclusion criteria were employed:
being between 45 to 65 years old, having no amputations, suffering no
sole lesions, having no intense retinopathy, not suffering nephropathy,
not going under dialysis, not having non-diabetic neuropathy, not
having a history of frequent ankle sprains during the last year, and not
following a regular exercise program in the last 6 months. All the
patients coming to the center were checked for neuropathy by a
specialist. In the present study, a score of 2 or higher obtained on the
Michigan Neuropathy Questionnaire was considered to be indicative
of the presence of neuropathy. Finally all the subjects were interviewed
and were informed of the purpose of the study. From among the
patients, samples of 24 patients who were able to go through the
resistance exercises with weights, and could do aerobic exercises were

J Diabetes Metab, an open access journal
ISSN:2155-6156

selected for the inclusion in the final study. Before the start of the
study, all the subjected showed their formal written consent to
participate in the study. The subjects were then randomly assigned to
the control (subject:11) and experimental group (subject:13). Three
subjects from the experimental group and 4 ones from the control
grouped dropped out of the study. Moreover, some exclusion criteria
were used in the study such as a subject’s inability to perform the
activities or the existence of pain in the chest. The experimental group
subjects were gone under electrocardiogram and echocardiogram tests
before the study. Finally, before the start of the training program, a
blood sample of 3 mm was taken from each subject in experimental
and control group at 8 AM after 10 to 12 hours of fasting and was sent
to lab for biochemical tests (such as BDNF, glucose and HbA1C
measurements).
The pain level felt and the blood tests were performed for the
subjects after the fourth, eighth, twelfth, and sixteenth weeks following
the same procedures employed in the pretest stage. Moreover, the
cardiovascular system health and the maximum strength of the lower
body were evaluated in three stages: pre-study, two months and four
months after the completion of the study. In addition, the neuropathy
Michigan questionnaire was administered before the study and after 16
weeks following the completion of the study while the subjects were
interviewed and clinically examined so that their neuropathic pain
level can be determined before and after the study. In the course of the
study, all the subjects continued taking the same glucose inhibiters
(such as Glibenclamide and metformin) they took before the study to
lower the glucose level in their blood.

The sample size estimation
The following formula with a power of a=80 was implemented to
determine the number of the subjects in the sample. It was determined
that the sample should include some 20 subjects. However, to be on the
safe side, the final number of the subjects in the sample was decided to
be 24. However, from the experimental group some 3 subjects were
omitted due to chest pain during the training (a subjects) and the
death of close relatives (2 subjects). In the control group, 4 subjects
were omitted due to accident (1 subjects) and personal reasons (3
subjects).

Criteria for neuropathy identification
The Michigan Neuropathy Questionnaire was employed to identify
peripheral neuropathy among the subjects [18].

Pain estimation
The Visual Analogue Scale, which is the most widely used pain
measurement instrument in the world, was implemented to measure
the amount of desk pained felt by the patients.

Maximum strength estimation (1RM)
The maximum strength of the lower body limbs (Leg press test) is
determined using the following formula [19].
% 1RM=[100 – (2/5×Repetition)]

Method of BDNF, glucose and HbA1C measurements
Serum BDNF was assayed using a Chemikine BDNF sandwich
enzyme-linked immunosorbent assay (ELISA) kit. HbA1c was
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measured by turbidimetric inhibition immunoassay (Roche, Basel,
Switzerland) and to measure blood glucose, the b-glucose test (vakpar,
nosaka, and Japan) was used. The ELISA kit was used to determine the
insulin levels of the commercial kit (ERG, UK).

Training protocol
Every training session started with fifteen minutes of warm-up
exercises followed by resistance exercises. The resistance exercises
included: Machine chest press, Machine Lat pull -down, Dumbbell
Bicep , Dumbbell triceps, Machine Leg Extention, and Machine Prone
Leg Curl. Moreover, the subjects performed Sit- up and Push-up. The
load were chosen so that the subjects could perform each movement 8
to 12 times fin each station. The workout movements were performed
in two sets in the first four weeks. From the fifth to the eighth week,
however, the movements were performed in three sets. From the ninth
week until the end of the study, they were performed in 4 sets.
Moreover, there were 6 stations from the first to the seventh week.
During the eighth and ninth weeks, the subjects performed the
movements in 7 stations in each session. Then, they had to perform the
movements in 8 different stations until the end of the study. The
subjects were asked to repeat the movements 8 to 12 times, with a
minute of rest between each sets, and two minutes of rest between
stations. After performing resistance exercises, the subjects started
endurance exercises after a short rest (3-5 minute rest). The endurance
exercises consisted of aerobic rhythmic exercises and running in
intervals of 3 minutes followed by 30 seconds of rest. The intensity of
the exercises started with 50% if heart rate reserve in the first week

until it reached 75% of heart rate reserve. Similarly, the number of
repetitions grew from 5 during the first week, 10 in the thirteenth and
fourteenth weeks, 11 in the fifteenth, to 12 repetitions in the sixteenth
week. At the end of each training session, the subjects were asked to
perform some cool-down exercises for 5 to 10 minutes. The exercises
were performed three sessions a week at a gym suitable for the subjects
in terms of light, temperature, and moisture.

Statistical Tests
The obtained data were subjected to descriptive statistical analyses
including measures of central tendency and standard deviation. The
Shapiro-Wilk test was implemented to check the normality of the
distribution of data gathered. Moreover, the Levene’s test was
performed on the data to examine the homogeneity of the variance in
the experimental and control groups. Moreover, a univariate ANOVA
and a repeated measure ANOVA were conducted to check the
intergroup differences and within group differences, respectively. In
addition, given the lack of homogeneity of variances of the oral
interview of the Michigan Screening Questionnaire, an independent ttest was used to check the between group differences of the
experimental and the control group. All the statistical analyses were
performed using SPSS statistical package (version 16), using a
significance level of p<0.05.

Results
The complete results are in Tables 1-5.

Age

Weight

Height

BMI

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Experimental

4.06 ± 56.4

11.41 ± 73.25

0.03 ± 1.55

4.06 ± 30.28

Control

3.88 ± 58.75

11.23 ± 68.56

0.01 ± 1.59

4.45 ± 26.95

Experimental

4.06 ± 56.4

11.72 ± 72.23

0.03 ± 1.55

4.02 ± 29.83

Control

3.88 ± 58.75

10.58 ± 71.11

0.01 ± 1.59

4.27 ± 27.96

Parameter

Pre test

Post test

Table 1: Demographic data at pre-test and post-test in two groups respectively.
Leg Press

Mean (SD)
Experimental

69.35 ± 48.04

Control

50.53 ± 18.84

Experimental

93.2 ± 64.94

Control

42.33 ± 12.72

Significant difference between groups

F

0.28

1.2

0.03

5.3

0.03

5

Pretest

Second Month

Experimental

131.95 ± 112.16

Fourth Month
Control

47.05 ± 16.95

P value

0.02

Significant Difference Within Group
F

6.28

Table 2: Depicting the change in mean and standard deviation for parameter of leg press at pre-test, second, and fourth month in two groups
respectively.
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BDNF

Pain
Significant
difference
between
groups

Parameter
Mean (SD)

Experimental

Mean (SD)

3.13 ± 0.42

Significant
difference
between
groups

HbA1C
Significant
difference
between
groups

Mean (SD)

5.72 ± 5

Pretest

0.77

Significant
difference
between
groups

Mean
(SD)

9.27 ±
1.42

134 ± 22.96

0.45

0.94

Control

3.53 ± 0.58

5 ± 3.4

179.37 ± 71.9

8.7 ± 1.49

Experimental

3.36 ± 0.18

4.18 ± 4

137.66 ±
32.87

9.55 ±
1.78

Control

3.66 ± 0.66

Experimental

3.29 ± 0.19

First Month

0.45

0.23

2.8 ± 3

0.28
9.1 ± 1.73

138.66 ± 31.4

0.4

0.04

9.32 ± 1.6
0.39

0.34

Control

3.47 ± 0.56

7 ± 4.05

207 ± 77

8.9 ± 2.03

Experimental

3.4 ± 0.28

2.5 ± 3

129.11 ± 25.43

9.23 ±
1.71

Control

3.59 ± 0.61

Experimental

3.41 ± 0.33

Third Month

0.38

0.02
154.5 ± 59.01

2.25 ± 3

P value
F

0.49

6.5 ± 3.88
0.62

0.5

8.27 ±
1.67

156 ± 46.83
0.42

0.66

8.49 ± 1.5

0.01

3.48 ± 0.56

0.6

9.02 ± 1.9

139 ± 20.54

0.79
Control

0.86

7.5 ± 3.88

Fourth Month

0.09

0.05
200.75 ±
63.63

7 ± 3.56

Second Month

Significant
Difference
Within Group

Glucose

0.18

0.67

1.94

0.01
7.38

Table 3: Depictingthe change in mean and standard deviation for parameters of BDNF, pain, glucose, HbA1C atpretest, first, second, third and
fourth month in two groups respectively.

Michigan Score ( Interview Part)

Experimental

Mean (SD)

Experimental

0.42

4.5

0.00
10.56

Experimental

5.05 ± 1.37

Control

5.37 ± 1.12

Experimental

3.44 ± 1.58

Control

5.37 ± 1.45

Post test

6.33 ± 3.39

P value
F

10.45

Mean (SD)

Pretest

1.81 ± 1.32
0.00

Control

Michigan Score (Clinical Part)

6 ± 3.87

Post Test

Significant Difference
Within Group

F

4.81 ± 2.04

Pretest
Control

Significant
difference
between
groups

P value
Significant
Difference Within
Group
F

Significant
difference
between
groups

F

0.31

1.1

0.02

6.7

0.00
20.9

Table 4: Depicting the change in mean and standard deviation for
parameter of michiganscore ( interviewpart) at pretest and post test in
two groups respectively.

Table 5: Depicting the change in mean and standard deviation for
parameter of michiganscore (clinicalpart) at Pretest and post test in
two groups respectively.

The results obtained revealed that the combined program of
resistance-aerobic exercise for 4 months had no statistically significant
effect on BDNF, glucose, and HbA1c indexes of the experimental
group at P>0.05. However, the level of pain, lower body limb strength,
and Michigan Neuropathy score of the experimental group subjects
showed a meaningful improvement compared to those of the subjects
in the control group. Tables 1-5 summarize the results.

Discussion
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In general, the results obtained in the present study showed that
although a 4 month combined program of resistance-aerobic training
helped improve the pain level, the strength of lower limbs, and the
Michigan Neuropathy score of the patients with peripheral neuropathy
as measured by the oral interview and clinical examination parts of
Michigan Neuropathy questionnaire, it did not seem to have any
statistically significant influence on BDNF, glucose, glycated
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hemoglobin, and the fat percent of the patients. The findings obtained
in the present study are in line with those obtained by Hvid et al. 2017
[20]. They showed that implementation of a 12 week program of
strength exercises did not lead to any change in the basic level of
BDNF in elderly patients with movement limitations, concluding that
BDNF cannot be considered as the primary mechanical factor in
modifying neuroplasticity among these people.
With the same token, Forti et al. (2012) observed that the 12-weeklong program of progressive resistance exercises did not bring about
any statistically significant change in serum BDNF level in old people,
concluding that this finding can be accounted for by fact that the
BDNF response is short-lived in such a way that it is observable
immediately after each training session but washes out by the time the
blood samples are taken [21].
Similarly, in their study, Yarrow et al. (2010) showed that the
resistance training program resulted in a dramatic but transient change
in BDNF. They reasoned that regular resistance exercises can improve
this response, but it does not have any influence on rest BDNF level
[22]. This conclusion is confirmed by the results obtained by
Castellano and White (2008) which showed that an eight-week
program of aerobic exercises led to a transient change in the rest BDNF
level only during the first 4 weeks of the program [23].
However, there are a number of studies which provided results
contrary to those obtained in the present study. For example, Kim et al.
(2014) observed that an aerobic- resistance program of 12 weeks was
associated with a significant increase in both BDNF level and muscle
strength in Schizophrenic patients [24]. In contrast, in the study
conducted by Almeida et al. (2015), physical activity led to a decrease
in BDNF expression level, and reduced the positive regulating effect of
NGF in Dorsal Root Ganglion [25].
In the present study, the implementation of a resistance-aerobic
combined program for 16 weeks did not led to any statistically
significant increase in BDNF level of the patients. In this study, every
necessary measure was taken to run the training program according to
the guidelines and instructions provided by ACSM so that the training
program could have maximal effect on BDNF. However, the results of
the present study indicated that physical training programs should be
followed for more than 16 weeks if they are to be of any positive
influence for diabetic patients suffering from neuropathy. Moreover,
the studies conducted so far have revealed that BDNF can be produced
in skeletal muscles but it cannot move into the blood circulation. Thus,
the lion’s share of the BDNF available in the blood is for (produced by)
the brain [26]. Therefore, the fact that in the present study, the training
program was not significantly in increasing the BDNF level can be
partially accounted for by this simple fact. Conversely, the obtained
results in the present study can be explained by the short-lived
response of BDNF to physical activity, which increases immediately
after each training session but washes out by the time samples are
taken, as Forti et al. (2014) claimed [20].
The results obtained in the majority of the studies dealing with the
potential effect of regular physical activities on the serum BDNF level
did not revealed any significant obvious effect on the rest BDNF index
[20,27-29]. In the same way, the results of a review study [30] showed
that there is no empirically supported fixed protocol for the type and
intensity of the exercises effective in increasing BDNF level. It can be
concluded that there is no agreement and certainty about the response
of Blood BDNF level to physical training programs. Thus, there is a
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need for more studies on patients and elderly people in this regard
[31].
In the present study, the diabetic patients with peripheral
neuropathy followed a combined training program regularly for a
period of 4 months. However, the glucose levels of the patients did not
show any statistically significant change from the first to the fourth
month. Aerobic exercises are effective in enhancing the insulin level in
all fibers without increasing the fibers while resistance exercises are
believed to improve the rate of glucose absorption as the size of the
muscle fibers increase [32]. In the present study, a combined training
program was implemented so that the potential beneficial effects of
both aerobic and resistance exercises could be enjoyed in preventing
the increase of glucose level in the blood of the patients.
However, the findings of a few studies revealed a statistically
significant decrease in HbA1C. In their study, Eterman et al. (2010)
focused on the possible effect of a 12-week program of aerobicresistance training in patients with diabetic feet, who also suffered
other diabetic complications. The results of their study showed an
improvement in the muscle strength and also a decrease of 8.2 percent
in the HbA1C in the patients. The difference between the findings of
Otterman et al., study and those of the present study can be partly due
to the fact that in the present study a similar training program was
followed for all the peripheral neuropathic patients who showed no
other diabetic complications while in Otterman et al. study, the
patients received individualized aerobic/strength training programs
based on the unique complications they showed and also the objectives
set for each patient based on his daily physical performance. Moreover,
in the present study sex was controlled, with the subjects being all from
one sex (female) while in Otterman et al. study, the participants were
of both sexes. In another study, Arora et (2009), patients with type 2
diabetes received a combined program of aerobic-resistance training
for 8 consecutive weeks. The results showed a significant improvement
in serum A1C which the researchers believed can be accounted for by
the fact that the patients did not follow a regular training program
[33]. In their study, the patients had an average age of 53.88.8. While in
the present study, the patients were 5 years older on average, 58 years
of age. The lack of improvement in the serum A1C of the patients in
the present study can be accounted for by the fact that they were
comparatively older and were suffering from peripheral neuropathy.
Moreover, the patients in the present study were females while in the
study conducted by Arora et al., the participants were from both sexes.
Moreover, the results of the previous analyses showed that the
HbA1c level is meaningfully correlated with the amputation of the
lower limbs; an increase of one percent in HbA1c level is associated
with a 1.3 times higher risk of amputation [34]. Although the HbA1c
level did not showed any significant increase during the four months of
the present study, the lack of increase in HbA1c level can be of great
clinical importance, indicating that following a combined training
program can be effective in improving the patients. However, the
participants of the present study had been suffering from diabetes for
an average period of 12.5 years. As the length of the patient’s history of
diabetes increases, they build up more resistance to insulin, indicating
if patients follow training programs for longer periods of time than
that used in the present study, the training program is more likely to
have a beneficial impact on the indexes of the patients. Additionally,
following physical activity programs can have a faster and more
tangible effect in improving the blood glucose level for younger
individuals compared to old people (over 55 years old). Therefore, it
can be concluded that for diabetic patients with an average age of 58
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and an average history of 12.5, physical training programs should be
followed for periods of more than 4 months if they are to be effective in
improving the HbA1c level in any significant way.
Another important factor is the medication taken by the
participants of the present study. The dose of medication taken by the
participants in both groups were examined before the start of the
study, two months after the start of the study, and also after the fourth
month. The results of the analyses showed that the glucose inhibiting
medication taken by the participants in the control group showed an
increase while that of the experimental group showed a decreasing
trend. In addition, one of the subjects in the control group was forced
to take insulin during the last month of the study in order to control
her blood glucose level. The decrease in the glucose inhibiting
medication taken in the experimental group and the comparative
increase in medication taken observed in the control group provide
and explanation for why the implementation of the training program
for four months was observed to have no statistically significant
influence on the HbA1c level in both groups.
In the present study, there was observed a significant improvement
in the level of pain felt and the strength of the experimental group
participants after one month of following the combined training
program. This improvement was consistently observed all through the
four months of the study. These findings are compatible with those
obtained by Clouding et at (2012) who reported that a combined
resistance-aerobic program of 10 weeks had a positive impact on the
level of pain and neuropathic symptoms (measured by Michigan
Questionnaire) of patients with diabetic neuropathy [11]. Moreover,
these findings are line with those observed by Almeida et al. (2015)
who observed that following a long regular swim exercise did indeed
result in complete improvement of mechanical Allodynia and
temperature Hyperalgesia in rats with neuropathic pain [25].
The neuropathic pain can be negligibly lowered by taking
medications advised and prescribed by IASP (international association
for the study of pain). However, these medications are not so effective
in easing the pain, and are also associated with deleterious side effects.
The developments in neural mechanisms of pain indicate that the longlasting (long term) plasticity changes in the pain pathways in the spinal
cord and the brain are responsible for neuropathic pain [35]. These
theories suggest that neural injuries or neural disorders induce glial
cells activation, thus increasing the concentration of a number of
mediators such as NO, glutamate prostaglandins, material P, and ATP
in the space surrounding the neurons in the spinal cord and the brain
which create long lasting changes in the synoptic activity of the
neurons along the pain pathways, thus resulting in chronic and acute
neuropathic pain sensation [36].
Stagg et al. (2011) showed that regular physical activity is associated
with antinociceptive effects, concluding that regular aerobic exercises
can be effective in reducing neuropathic pain through increasing the
expression of brain opioid level [37]. The results of previous studies
suggest that the endogenous opioid on the brain stem need to increase
so that physical activities can have a lowering effect on neuropathic
pain felt [38,39]. Although the endogenous opioid level was not
analyzed in the present study, it may be inferred that the possible
increase in the level of endogenous opioid induced by physical activity
was responsible for the meaningful improvement of the neuropathic
pain felt by the participants.
Moreover, the results of previous studies indicate that an increase in
the glucose level in the blood induces toxic effects on the peripheral
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nervous system, thus causing acute neuropathic pain [40]. The over
production of sorbitol induced by diabetes produces osmotic stress
inside the cell (intracellular osmotic stress), which distorts the balance
in the movement of ions through the cell membrane. This triggers the
depolarization of the neuron membrane, which increases the pain in
diabetic patients suffering from neuropathic pain [41,42]. The fact that
in the present study, the blood glucose level of the patients did not
show any significant change after four months of combined resistanceaerobic training program suggests that there are likely to be other
mechanisms other than glucose reduction which were responsible for
the reduction of the level of pain felt by the participants.
On the other hand, it has been shown that type-2 diabetic patients
generally suffer from muscle weakness in ankles and knees. This
general muscle weakness is more closely linked with the intensity of
peripheral neuropathic pain than with other metabolic variables and
conditions [43]. One of the mechanisms considered important in
causing type 2 diabetes and probably the general muscle weakness
which accompany this disease is the lack of sufficient physical activity.
Moreover, a number of other factors have been proposed to be relevant
in muscle weakness experienced by type two diabetic patient including
the abnormal functioning of mitochondria, the metabolic disorders of
free fatty acids, and deficiency in energy production while doing
physical activities. Lowered muscle strength is usually a delayed side
effect in diabetic neuropathy which is usually observed and
experienced at advanced stages of the disease [44].
Magnetic resonance pictures show that the size of internal muscles
of the leg in diabetic patients with neuropathy is half as large as those
of healthy individuals and diabetic patients without neuropathy.
Therefore, this atrophy in muscles can be directly related to the
neuropathic pain these patients feel and the resulting disorders in
movement functions of these individuals [45]. The general muscle
weakness of the foot and leg that accompanies diabetic neuropathy
increase the risk of lesions on the foot sole, thus making changes in the
normal turns of leg and foot while one is walking, which results in an
event distribution of load on the foot [46].
Weak muscles are more likely to reduce in size, triggering a
reduction in the amount of glucose consumed which can result in
hyperglycemia. Hyperglycemia, in turn, can have an adverse effect on
the contraction function of the muscle, and the production of energy
by the muscle. Moreover, the reduction in muscle mass results in
changes in the biomechanical parts of the foot. These changes along
with lowered sensation, skin dryness, callous, and limitations in joint
movement can increase the pressure on the foot, increasing the risk of
neuropathic lesions [47]. Therefore, it can be concluded that the
reduction of the size of the muscle mass, and of the muscle strength
can be considered the primary factors causing acute pain and disability
in patients with diabetic neuropathy. In the present study, the
significant improvement in the level of pain felt by the patients during
the time they had physical training is partly due to the improvement in
the strength of their muscles produced through regular physical
activities they did. The improvement in muscle strength, and the
significant lowering of the pain level were observed during the second
month of the study.
Another relevant potential mechanism is the increase in
inflammatory cytokines produced in diabetic patients. Neuropathic
pain stimulates inflammatory responses, and triggers an
overexpression of inflammatory cytokines in local macrophages
stimulated, Schwann cells and glial cells [48,49]. The changes triggered
in the synoptic activities of neurons along the pain pathways produce
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neuropathic pain symptoms [36]. In addition, the increase in cytokines
such as TNF and IL6 has deleterious effects on the muscle mass,
strength, and physical functioning of elderly patients with diabetes. In
the present study, the inflammatory cytokine level was not measured.
However, the observed improvements in the level of pain felt, and in
the muscle strength can be partially explained by the antiinflammatory effects of the regular physical activities performed by the
participants.
In sum, the results obtained in the present study indicated that the
resistance-aerobic exercises performed by the subjects in the
experimental group led to a statistically meaningful reduction in the
average score of the subjects on the clinical part and oral part of the
Michigan questionnaire, which is widely used by the specialist to
identify peripheral diabetic neuropathy. The clinical examination of
the questionnaire gather data on the appearance and form of the foot
skin, dryness, callous, infection, deformities, the presence of lesions,
Achilles tandem reflex, touch sensation, and pressure sensation while
the oral interview section evaluates foot sense, pain sensation,
numbness, and sensitivity to temperature. The observed improvement
in the average scores on the clinical examination and the oral interview
subparts of the Michigan questionnaire by the subjects in the
experimental group shows that the combined program of aerobic and
resistance exercises can be influential in reducing the neuropathic pain
felt by patient suffering from peripheral neuropathy.

8.
9.
10.

11.

12.

13.

14.

15.

Conclusion
The obtained results in the present study generally suggest that the
serum BDNF level of the patients did not show any statistically
meaningful changes. However, considering the fact that the level of
pain felt, and the strength of the patients as measured by the Michigan
questionnaire showed a significant improvement, while the glucose
and HbA1c levels did not show any significant increase, there is hope
that the performance of regular physical activities for longer periods of
time could be effective in improving the major indexes of disease and
also in preventing these indexes and BDNF level from worsening and
decreasing, respectively.
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