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Introduction and aim: The purpose of this study was to compare the effect of 12 weeks of

low-intensity resistance training and exercises for peripheral neuropathy (EPN) on the

inflammatory and physiological conditions, balance, and complications of diabetic neuro-

pathy in female patients.

Materials and methods: 45 women with mild to moderate diabetic neuropathy and an

average age of 55.46±3.06 years voluntarily participated in the study. They were randomly

assigned to either control (n=15), resistance (n=15), and EPN (n=15) groups. Both experimental

groups were trained for 12 weeks (three sessions per week). EPN group did peripheral neuro-

pathic exercises (12 lower extremity movements), and the resistance group performed their

exercises with a 30% repetition maximum.During the intervention period, the control group only

performed their daily activities. Blood samples were taken in both pre-test and post-test to

investigate the levels of Tumor necrosis-α (TNF-α), Interleukin-10 (IL-10), C Reactive Protein

(CRP), fast blood glucose (FBG) and Glycated hemoglobin (HbA1c). Complications of diabetic

neuropathy were measured using the Michigan questionnaire and the Monofilament 10 g. In

order to measure the balance, De Morton mobility index (DEMMI) was used.

Results: The statistical analyses showed a significant decrease of FBG and HbA1c in the two

experimental groups, as compared to the control group. TNF-α and CRP levels were decreased in

both EPN and resistance groups, as compared to the control group. The observed increase in the

serum IL-10 levels of the two experimental groups was not, however, significant, as shown in

intra-group and inter-group comparisons. On the other hand, the two complications of pain and

tingling in the lower limb extremities were improved in both experimental groups (p<0.05).

However, the numbness complication showed no significant change (p=0.10). Static and

dynamic balance was improved in the EPN group as well (p<0.05).

Conclusion: Since EPN exercises, in contrast to resistance exercises, are focused on the lower

limb extremities and designed for diabetic neuropathy patients, they can improve the imbalance,

pain and tingling, by significantly reducing TNF-α and CRP and improving the physiological

conditions.

Keywords: TNF-α, IL-10, CRP and diabetic neuropathy exercises

Introduction
Diabetic neuropathy is seen in 50% of the patients with type 1 and type 2 diabetes.1,2

In diabetic neuropathy, bad physiological conditions (chronic hyperglycemia, glyco-

genic hemoglobin) are imposed on the patient, which can damage the nerve tissue and
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create various clinical manifestations such as pain, numb-

ness and tingling of the organs, as well as imbalance in these

patients.3 Also, these physiological disorders can be asso-

ciated with inflammatory and proinflammatory responses

such as increased Tumor necrosis factor-α (TNF-α) and

Interleukin-10 (IL-10), and C-reactive protein (CRP).4–6

Increased TNF-α and IL-10 and CRP are the phenomena

related to the pro-inflammatory response to diabetes and

changes associated with diabetic neuropathy.5,7 Evidence

suggests the excessive expression of TNF-α mRNA in

neuropathic pain conditions.8 Duksal et al (2016) have

reported that a decrease in the serum levels of IL-10 and

an increase in TNF-α in the patients with pre-diabetes and

type 2 diabetes are accompanied with sensory and motor

neurological symptoms.9 In a study done by Kang et al

(2005), it was found that serum CRP levels in the patients

with metabolic syndrome were significantly higher than

those in the healthy subjects. It was also reported that only

diabetic neuropathy correlated with serum increased the

CRP levels among the microvascular complications.10

Among the recommended therapies for the treatment of

diabetic neuropathy, exercise can be effective with a non-

pharmacological and low-cost approach.11 In fact, exercise

can improve the physiologic state of the patient by provid-

ing a protective role against this complication and even

delay its onset.12,13

Although athletic exercises are very useful for controlling

diabetes, its effects on diabetic neuropathy, especially on its

painful type, are not fully understood. Resistance exercises

can cause chronic muscle tension, such as maximum

strength, hypertrophy, strength and local endurance.14,15 It

is advisable to use resistance training for all patients with any

complication, but we should seek for appropriate and special

conditions for diabetic neuropathy patients; for example,

exercise should not expose the patient to the diabetic foot

ulcer.

Exercise for peripheral neuropathy (EPN), focusing on

the lower extremities, provide the conditions for exercising

without wearing shoes and using the hard equipment. In

fact, such exercises allow the patient to regularly check his

limbs and be aware of wounds and bleeding.16,17

EPN exercises use the entire range of joints motion and

these exercises are followed with and without weight

bearing (sitting on the chair), while they do not follow a

uniform and automatic pattern (as in cycling).18,19 In the

previous studies, the use of such exercises has been

accompanied by improvements in the balance and the

cardio-respiratory health of the patients.20

Given the little information about the exercise for

diabetic neuropathy patients and the extent of the compli-

cations of this disease in the patients, we decided to

provide a therapeutic approach and compare it with the

common practice, in order to investigate the inflammatory

and physiological conditions, balance and complications

of diabetic neuropathy in the female patients.

Materials and methods
Subjects
45 women with mild to moderate neuropathy (55.46

±3.06 years,161.30±4.94 cm height, 72.6±31.50 kg weight,

and the duration of diabetes 11.24±2.46 years) voluntarily

participated by filling the consent letter in this study. All

subjects were disabled with no regular activity during the

past six months. These subjects had not participated in any

specific exercise plan before and used no anti-inflammatory

drugs. This study was approved by the Human Ethics

Committee of the University of Isfahan with the ethics code

1397.156.IR.UI.REC.

Design
The research was applied in terms of purpose and quasi-

experimental in terms of data collection method. After the

initial stages, 45 tests were randomly divided into 3 groups

(control group, EPN training group and resistance training

group) (Figure 1). The subjects of the two training groups,

in separate sessions, had full knowledge of how the exer-

cises were supposed to be conducted and the conditions

under which they had to the training sessions. At the

beginning and end of the sessions, during 10 mins,

warm-up and rehearsal exercises were practiced, which

included simple movements and light stretching exercises.

EPN group exercises included 12 movements (hamstring

stretching, knee swirling, gradual stretching of the sciatic

nerve, stretching of the leg muscles, ankle range move-

ments, bending of the toes, special movements of the big

toe, alternate heel-toe movement, inversion and eversion

movements of the ankles, squatting with the help of the

wall, and standing on one leg). These moves were first

performed in a set of 30 seconds, but every two weeks,

one set was added; so there were 5*30-second sets at the

end. The resting time between the sets was 30 seconds.20

The movements of the resistance group consisted of leg

press, arm curls, military press, push-ups, squats, knee exten-

sions, heel raises, back extensions, knee sit-ups, and upright

rowing.15 To determine the intensity of the resistance training,
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30 percent of the maximum repetition exercise was used;21 the

overload was followed like the training sessions of the EPN

group (Table 1).

At the beginning and end of each session, blood glucose

levels were measured. When blood glucose was not in the

range of 110–260 milligrams per deciliter before training,

the patients were prohibited from exercising. If any of the

subjects suffered from any specific disease, such as auto-

immune diseases, serious liver problems, renal failure,

inappropriate thyroid gland function, untreatable blood

pressure, any infection, cerebrovascular injury, columnar

fractures and tumor, they would not be allowed to partici-

pate in the research. Voluntary withdrawal, irregular parti-

cipation at meetings, failure to complete tests, weight

changes of more than 3 kg during the course of intervention,

other complications of diabetes, change in the type of drug

taken, the use of anti-inflammatory drugs and blood glucose

imbalance before the onset of the training session in three

successive times were the other conditions determined for

non-participation in the research22 (Figure 1).

Data collection tools
To determine neuropathy, Michigan neuropathy screening

instrument and the 10-gram monofilament device were

used. TheMichigan Neuropathy Review Toolkit, developed

by the researchers at the University of Michigan in 2000,

was used to diagnose peripheral neuropathy in the dia-

betics’ patients. This tool examines the 4 factors represent-

ing the expression of the foot skin (dryness, cracks, bumps,

infections and deformities), scarring, Achilles tendon

reflex, and vibration sensation condition. If the patient had

the sign, she would score one; otherwise, the score would be

zero. For the examination of the Achilles tendon reflex and

vibration of the patient’s big toe, a 128 Hz diapason and a

Enrolled for the study
N=210

Assessed for eligibility and then randomized

Include:

Exclude:

Age range 50 to 60 years
the minimum history of diabetes is 7 years
HbA1C higher and equal to 6.5 %
Mild to moderate neuropathy
FBG greater than 156 milliliters

Resistance group
N=15

EPN group
N=15

Control group
N=15

Follow 12 weeks training

Analyzed N=45

There are some diseases like autoimmune diseases
and etc.
voluntary withdrawal
irregular presence at meetings
fature to complete qulzzes
weight: changes over 3 kg during the intervention
period affected by other complications of diabetes
of medication used taking anti-infammatory drugs
unbalance in blood glucose before starting a training
session 3 consecutive times

Figure 1 Chart of subject’s selection.
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monofilament instrument were used. In the case of the

positive vibration of the big toe and the positive results of

monofilament in each part, the subject received a zero score,

but if the test were negative, she would get a score of one. In

the case of getting at least two scores, the person would be a

peripheral neuropathy patient.23

De Morton mobility index (DEMMI) test was also used

to measure static and dynamic balance. In this method, the

static balance is measured on one leg and two legs, as well

as at the closing of the eyes; on the other hand, the dynamic

balance is measured and evaluated when the patient jumps

and moves four steps back.24

In order to further control the nutrition, FFQ was

completed and the patients were requested during the

study not to change their nutritional process and to con-

tinue this procedure until the post-test.25

Height was estimated with the approximation of 0.1

centimeters and weight was calculated with the approxi-

mation of 0.1 kg. BMI was calculated through dividing the

weight by the square of height to the power of 2. By using

(Beurer PM 80 Heart Monitor) the heart rate was recorded

before and after exercise.

In order to understand the stress and difficulty of the

exercise, the Borg scale was used; the intensity and sever-

ity of the exercises in both training groups were similar.

HbA1C was measured by the high performance liquid

chromatography reference (HPLC) method, using quantita-

tive detection kits of these variables by the photometric

method, as provided by Pars Kit Tests. The levels of IL-10

and TNF-α were measured by using the relevant kits from

ESTBIOPHARM Co, which were (Cat.No:C0K-E10140)

and (Cat.No:CK-E10110), respectively, through the ELISA

method. The CRP measurement kit was also provided by the

same company with the number (Cat.No:CK-E11196); in the

same way, two other inflammatory variables were measured.

Date analysis
Statistical analyses were performed using SPSS, version

21. The Shapiro-Wilks test was also used to evaluate the

normal distribution of all parameters. When data were

normally distributed, one-way analysis of variance

(ANOVA) was used to test the differences in the contin-

uous variables between the groups, and the Student’s

paired t-test was used to test for the differences in the

continuous variables within groups. Post-hoc analyses

were also performed using the LSD test. The differences

between the categorical variables were analyzed using the

χ2 test. P<0.05 was considered statistically significant.T
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Results
The mean and standard deviation of anthropometric

indices, body composition, and … related to the subjects

studied are presented in Table 2.

According to Table 2, we found that there was no

significant difference between the groups. The results of

the statistical analysis in the evaluated factors are pre-

sented in Table 3.

The observed changes in the level of all variables

except IL-10 were significant. Tukey’s post hoc test

showed that the observed difference in TNF-α, CRP and

FBG variables was between the two control and EPN

groups (p<0.05). Also, heart rate, systolic blood pressure

and blood glucose variables after the meal were signifi-

cantly different in the two groups (p<0.05) (Figure 2 and

Table 3). Static and dynamic balance was increased based

on intra-group comparison in both resistance and EPN

groups. Comparison between the groups showed a signifi-

cant difference between the EPN group and the other two

groups (p=0.003).

The data obtained from the analysis of diabetic neuro-

pathy symptoms are presented in Table 4.

As shown in Table 3, two complications of pain and

tingling of the organs were associated with the improvement

in both experimental groups. Also, the numbness effect

showed visible changes (p<0.05).

Discussion
This research is one of the first studies comparing the effects

of different training practices on the inflammatory and

physiological conditions, and the complications of diabetic

neuropathy in the diabetic women. In the present study, the

levels of FBG, HbA1C, TNF-α, CRP, systolic blood pres-

sure and heart rate were found to be decreased in both

experimental groups, as compared with the control group.

However, IL-10 did not significantly increase in both

experimental groups. Static and dynamic balance was

improved in the EPN group (p<0.05). Complications of

diabetic neuropathy, such as pain and tingling, were reduced

following the improvement of the patients’ physiological

and inflammatory conditions. The main finding of this study

was that EPN exercises could improve glycemic conditions

(decreasing FBG and HbA1C), inflammation (reducing

TNF-α and CRP) and balance in the diabetic neuropathy

patients more than the other types of exercises (low-inten-

sity exercise training). Thus, these could improve the com-

plications of diabetic neuropathy.

Since EPN exercises are precisely aligned with the

physical conditions of the patients and keep the patient

from performing difficult movements on devices and

sports equipment (such as dumbbells or weights), in addi-

tion to ensuring the safety and health of the patient; Doing

such exercises is feasible and easy for the patient; the

patient is also able to do more of the activity.

Exercise can create a variety of metabolic adaptations in

the body, as well as improving the sensitivity to insulin and

glycemic control. Recent research has shown that resistance

exercises have different benefits in the patients. Even more,

in some studies, the superiority of resistance training over

aerobics training has been proven; resistance training reduces

HbA1c, lipid volume and systolic blood pressure.15,26,27

However, in this study, by using EPN exercises and focusing

on the lower extremities of the patients, in addition to the

benefits of resistance training in the patients, we could sig-

nificantly decrease the serum levels of TNF-α and CRP in

them, ultimately leading to improving the sensation of pain

and tingling in the patients. TNF-α is an anti-inflammatory

cytokine that can cause pain by affecting sensory neurons.

Research indicates that this factor is elevated in plasma and

its mRNA levels in diabetic neuropathy patients, as com-

pared with the healthy controls. It is correlated with the

Table 2 Clinical characteristics of the studied subjects

Control Resistant EPN

N 15 15 15

Age (year) 54.80±3.29 56.13±3.39 55.46±2.47

High (cm) 160.37±6.01 163.45±4.35 160.09±3.75

Weight (Kg) 72.67±5.43 72.72±7.01 71.53±7.01

Body mass index (Kg/m2) 27.21±2.61 30.41±0.12 28.44±14.11

Diabetes duration (year) 11.20±3.21 11.20±1.89 11.33±2.28

Energy consumption (Kcal)* 2733+0.30 2323±0.01 2625±0.12

Insulin (ml/day) 58±1.1 60±2.0 61±0.2

Note: *The amount of calories consumed 24 hrs a day, as considered in the pre-test and post-test.
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severity of pain.28 Pedersen et al (2017) also found that

exercise with the increased levels of IL-6 could reduce the

chronic and malignant increase of TNF-α in the patients with

diabetes.29 On the other hand, in different studies, CRP levels

in diabetic neuropathic patients have been reported to be

higher than those in the control group.10 In addition,

Table 3 Comparison of the inflammatory and anti-inflammatory factors and physiological and glycemic conditions of the patients

before and after intervention

Control Resistant EPN F (p)

Static balance Pre test 2.00±1.13 2.33±1.23 1.73±0.88 6.52 (0.003)

Post test 2.00±1.12 2.73±0.79 3.20±0.77

T (p) 1.61(0.13) 2.72 (0.002) 3.86 (0.0001)

Dynamic balance Pre test 1.00±0.65 0.67±0.48 0.93±0.70 9.55 (0.10)

Post test 0.67±0.72 2.13±0.64 2.20±0.67

T (p) 2.49 (0.02) 0.97 (0.0001) 1.61 (0.003)

CRP (mg/L) Pre test 8.53±3.1 8.89±5.13 6.67±3.34 2.38 (0.0001)

Post test 8.54±3.21 7.57±2.84 5.72±2.84

T (p) −0.139 (0.891) 4.37 (0.001) 4.16 (0.001)

FBG (mg/dl) Pre test 114.53±5.89 118.00±7.24 115.40±7.03 10.94 (0.0001)

Post test 115.86±5.01 103.13±9.40 108.26±7.43

T (p) −2.28 (0.03) 8.81 (0.0001) 5.91 (0.0001)

Systolic blood pressure (mmHg) Pre test 139±16.10 142±16.01 140±12.10 12.21 (0.0001)

Post test 140±16.00 139±16.31 136±21.1

T (p) −11.1 (0.21) 7.31 (0.001) 6.28 (0.0002)

Heart rate (beats/min) Pre test 74±11.10 73±10.10 74±11.10 5.21 (0.0001)

Post test 74±11.12 72±0.90 73±10.12

T (p) −3.20 (0.1) 4.11 (0.002) 6.21 (0.0001)

HbA1c (%) Pre test 8.37±0.67 8.49±0.80 7.63±1.16 8.82 (0.001)

Post test 8.37±0.67 7.11±1.13 7.52±0.60

T (p) −1.0 (0.33) 7.70 (0.0001) 6.64 (0.0001)

Postprandial plasma glucosa (mg/dl) Pre test 255.46±30.54 277.33±41.53 262.73±43.53 4.91(0.001)

Post test 262.06±31.21 224.06±36.50 225.86±43.60

T (p) −3.44 (0.4) 6.29 (0.0001) 4.99 (0.0001)

125.54
114.88

107.63

124.79

103.41
96.87

76.32

54.66 58.06

74.6

59.8 60.54ng
/L

140

120

100

80

60

40

20

0
TNF α (per) TNF α (post)

Control Resistance EPN

IL 10 (post)IL 10 (per)

Figure 2 Concentration of cytokine in the pre-test and post-test in the three groups. (p<0.05).
Abbreviations: TNF-α, tumor necros is factor-α; IL-10, interleukin 10.
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compared to the CRP levels in the painful and painless

neuropathy, the amount of this inflammatory factor is sig-

nificantly higher in the people with a painful neuropathy.30

Many factors contribute to the increase or decrease of CRP.

Smith et al (1999) reported that after long-term exercise, a 35

percent reduction in CRP levels was observed in the people

at the risk for heart diseases.31 This inflammatory factor is

secreted from the liver and can cause resistance to insulin.32

In the present study, it was found that EPN exercises could

create a higher level of activity and promote the motivation

of the patient to perform movements by creating a safe

mindset in the patients and preventing them from wounds,

infection, and the constant fear of imbalance during work.

IL-10, with its anti-inflammatory effects, can help

patients. Studies have shown that the injection of this cyto-

kine can prevent the death of a patient; for example, in the

mice that are genetically affected by proteinuria, the IL-10

injection decreases the severity of the disease, as observed in

diabetic nephropathy.33 Physical activity can promote the

anti-inflammatory activity by increasing the levels of IL-10

and IL-6, as well as decreasing TNF-α production.34 The

presence of high glucose in the cells of microglia and astro-

cytes triggers the activation of Glycogen synthase kinase

(GSK-3), which releases some inflammatory factors, such

as TNF-α, and can act against the non-release of anti-inflam-

matory factors such as IL-10. Physical activity and exercise,

by placing the body in a catalytic state, can reduce the exces-

sive activity of this kinase.33 On the other hand, physical

activity, by removing glucose from the bloodstream, can

reduce the production of advanced glycation end products

(AGE) andmore inflammatory factors.35 In this study, despite

an increase in the amount of IL-10 in both experimental

groups, there was no significant change, which might be

due to the low sample size and statistical power.

Static and dynamic balance was significant in both

experimental groups based on intra-group comparisons;

however, according to in the inter-group comparisons,

only the EPN group showed a significant difference

(p=0.003). In the previous studies, samples of these exer-

cises have been effective for the patients.

In a study conducted by Aly et al (2007), which was

carried out on 30 men with diabetic neuropathy, as compared

to the healthy people, it was found that people with diabetic

neuropathy had a lower stability; moreover, over time,

instability could get worse, and complications such as falling,

multiple fractures and ultimately, death would occur.36

As shown by the results, EPN exercises are not merely

a kind of exercise without weight bearing or resistance; in

fact, by combining different training types and without a

complex appearance, these exercises can improve balance

in patients even more than the low-intensity resistance

exercises.

Regarding the above, it can be confirmed that exercise

and physical activity can reduce the complications of the

disease by improving the inflammatory and glycemic con-

ditions of diabetic neuropathy patients. In our study, resis-

tance exercises also led to similar results in the patients

with diabetic neuropathy. The EPN training group also

experienced a decrease in similar physiological character-

istics, with the difference that the rate of these improve-

ments in this group was greater; these positive results were

probably due to the concentration of these exercises on the

Table 4 Symptoms of diabetic neuropathy

Control EPN Resistance X2 Sig

Pain Per test Are 11 13 9 2 0.25

Are not 4 2 6

Post test Are 11 5 0 17.65 0.0001

Are not 4 10 15

Numb Per test Are 10 13 9 2.81 0.24

Are not 5 2 6

Post test Are 10 5 2 9.26 0.10

Are not 5 10 13

Tingling Per test Are 12 10 10 0.86 0.64

Are not 3 5 5

Post test Are 11 7 3 8.57 0.001

Are not 4 8 12
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lower extremities and the patient’s comfort during these

exercises.

Conclusion
Among the various ways used to improve the condition of

diabetic neuropathy patients, exercise and physical activity are

a low-cost and non-complicated intervention. In fact, exercise

with its sharp and prolonged effects, can have positive effects

on the improvement of glycemic conditions and inflammation,

thus reducing the complications of diabetic neuropathy. Sports

prescribed for the patients with neuropathy should be compa-

tible with the conditions of these patients (wounds, numbness

in the legs, sweating and infection, etc.); no shoes wearing, no

need for special equipment and the possibility of exercising at

home are the most important advantages of training for these

patients. According to the results of this study, EPN exercises

are, therefore, highly suitable for diabetic neuropathy patients

and can control the inflammatory and glycemic conditions by

focusing on the lower limbs.
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