
Background
Type 2 diabetes mellitus (T2DM) is a metabolic disorder 
with increasing incidence, especially in developing 
countries (1). T2DM is related to several complications, 
such as peripheral neuropathy. It is a chronic complication 
of diabetes characterized by demineralization and 
degeneration of axons in peripheral nerves (2). Neural 
damage in diabetic peripheral neuropathy (DPN) can 
result in several symptoms in this population, including 
hypersensitivity and loss of pain (2). Chronic symptoms 
of DPN can lead to signs of depression, anxiety, and 
mental and physical dysfunction and consequently 
reduce the quality of life (QOL) (3, 4). It has been 
reported that DPN leads to depression, disrupts sleep, 
and reduces the QOL, especially in patients with painful 
DPN (5). Following this, pain-relief strategies such as 
pharmacological interventions are prescribed to mitigate 
pain and probably improve the QOL in this population 
(6). This is the main intervention for this population, but 
it is just a pain-relief strategy that may not be an effective 
prevention/treatment method (7). Since the main 

mechanisms in the etiology of DPN are suggested to be 
metabolic and vascular abnormalities, any intervention 
to set them as a target would eventually prevent the 
progression of disease (8).

Exercise training is a recommended and effective 
way to control glycemia and hyperglycemia-related 
complications in diabetes (9). Exercise training has been 
established to lower insulin resistance and hemoglobin A1c 
(HbA1c), and improve the metabolic profile and vascular 
function in T2DM. In a meta-analysis, Umpierre and 
colleagues suggested that physical activity was associated 
with glucose control and lower HbA1c in patients with 
T2DM (10). Moreover, Nyberg et al suggested that regular 
physical activity potentially increases vasodilators and 
diminishes vasoconstrictors, and consequently improves 
vascular function (11). One study showed that exercise 
and electrical stimulation increased axonal regeneration 
following peripheral nerve injury (12). Exercise training 
also leads to neural improvements, which may be clinically 
important to patients with DPN. Kluding and colleagues 
reported that exercise training increased intraepidermal 
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nerve fiber branching and reduced pain in DPN (13). In 
addition to these physiological effects of exercise training, 
it also increases the QOL in people with T2DM (14). 
Patients with T2DM with DPN experience more severe 
symptoms than those without DPN (15). Thus, the QOL 
consequences of exercise training in these people may 
be different with patients with T2DM without DPN and 
depends on its impact on neuropathic symptoms. Any 
intervention to reduce pain may have a direct impact on 
aspects of life QOL in this population.
 
Objectives
Therefore, we aimed to investigate the effect of regular 
aerobic training on symptoms of neuropathy, QOL, and 
sleep in patients with DPN and its relation with HbA1c.

Methods
Participants and Design 
This was a randomized-controlled parallel-design study. 
Thirty-one patients volunteered to participate in the 
present study based on the inclusion criteria. Inclusion 
criteria were; having T2DM for more than five years, 
HbA1c > 6.6%, DPN diagnosis, and an inactive lifestyle. 
The presence of DPN was confirmed by a neurologist 
based on initial assessments using the Michigan Diabetic 
Neuropathy Instrument (scores > 3) and abnormal 
electrophysiological measures at lower limbs. Patients 
with foot ulcers and orthopedic issues were not included 
in this study. The participants were not engaged in any 
exercise program and had no experience of regular 
exercise participation. A complete description of the aims 
and procedure of the research was given to the subjects, 
and then they signed the written consent form. 

Participants were randomly allocated to the 
experimental and control groups, and 12 individuals 
completed the trial in each group. The experimental 
group was familiarized with the exercise protocol over 
a week prior to the main experimental period. During 
this period, the participants performed 15-20 m walking 
on the treadmill with the least range of intensity to be 
familiarized with the exercise procedure. Then, they 
performed the main aerobic exercise program over 
3 months. Exercise training consisted of walking or 
running at 50%-70% of heart rate reserve lasting 20-45 
min each session with a frequency of three sessions/week. 
Karvonen equation was used to assess target heart rate, 
and heart rate was monitored using a polar heart rate 
monitor (PE3000, Polar Electro, Kemple, Finland). Each 
session included a 10-15 min warm-up at the beginning 
and 5-10 minutes cool down at the end. The control group 
was required to keep habitual physical activity and inform 
the researchers in case of any alteration.

Medication and Diet
The participants were on an oral hypoglycemic regimen 

which did not change during the study period. The 
participants were asked to keep their usual diet. They 
were asked to record food intake the day preceding the 
measurements and replicate it during the day before the 
final measurements. They were also asked to record a 
3-day (2 weekdays and 1 weekend) dietary recall a week 
prior to the study period and during the last week. The 
calorie and macronutrients consumption were assessed to 
be considered as a covariate in the analysis if there was 
any significant difference between groups and from pre- 
to post-test. 

Measurements
Before and 48h following the experimental period, body 
composition was analyzed with the participants wearing 
minimal clothing using the bioelectrical impedance 
analyzer (Inbody230. Portable, Frequency: 20 kHz, 100 
kHz – Display: 240*320 Color LCD). Blood samples were 
taken in a fasting state to assess Hb1Ac levels at baseline 
and after the intervention. HbA1c level was assessed 
by liquid chromatography (Pishtaz, Tehran, Iran). 
Neuropathic symptoms were evaluated by Michigan 
Diabetic Neuropathic Score (MDNS), which includes 
46 points clinical score and is used for DPN staging 
(16). QOL state was assessed by QOL questionnaire that 
assesses subjective feelings of patients. Quality of sleep 
was assessed by Petersburg Questionnaire. To assess foot 
sensation, 10 gr filament was applied to the dorsum of 
the great toe, and the patients were asked to respond YES 
when they felt the filament (16). 

Statistical Analysis
Data analysis was performed using SPSS software, version 
25. Normal distribution of the data was confirmed using 
Shapiro–Wilk test. Repeated-measures ANOVA was 
used to determine the intergroup differences. Pre-test 
and post-test values were also analyzed by paired t test, 
and independent t test was used to compare the groups 
at pre-test. Pearson’s correlation coefficient was also used 
to assess the relationship between variables. P < 0.05 was 
considered statistically significant.

Results
Descriptive data are shown in Table 1. Data analysis 
indicated no significant difference between the groups 
at baseline (P > 0.05). Participants had mild to moderate 
DPN.

Repeated measures ANOVA indicated that HbA1c 
significantly decreased in the experimental group 
compared with the control group (P = 0.01). MDNS score 
also improved in the experimental group throughout the 
intervention period, which was statistically significant 
with the control group (P = 0.001). MDNS improvement 
was accompanied by foot sensation improvement, and 
the monofilament test score increased significantly 
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(P = 0.01). Pearson’s correlation coefficient also indicated 
a significant correlation between monofilament score and 
HbA1c (r = - 0.53 and P = 0.021) and between MDNS and 
QOL scores (r = 0.73 and P = 0.01). Data analysis revealed 
that QOL and sleep significantly improved following 
three months of exercise compared with the control group 
(P = 0.03 and P = 0.01, respectively) (Table 2).

Discussion
We found that after three months of aerobic training, 
HbA1c levels improved, which was coupled with 
improvement in foot sensation, neuropathic symptoms, 
and QOL and sleep. 

The results regarding reduced HbA1c levels following 
exercise training are consistent with most studies in this 
area (9, 17, 18). Metabolic effects of aerobic training 
have been previously established, especially in patients 
with metabolic disorders (19). Several mechanisms have 
been proposed; for instance, glucose uptake in muscles 
increases during and following exercise because of the 
increased muscle permeability as a result of contraction 
(20). In addition, GLUT4 transcription and translocation 
increase by exercise, which has a direct impact on insulin 
sensitivity and glucose uptake (20). Although very 
few studies have recently investigated the effectiveness 
of exercise on complications of diabetes, particularly 
DPN, this metabolic effect of exercise training could be 
promising in this population as hyperglycemia plays a 
crucial role in the pathogenesis and progression of DPN.

Another finding of the present study was the 
improvement in MDNS following exercise training. 
Despite the lack of research on patients with DPN, this 

finding is consistent with some studies (13, 21). Dixit 
and colleagues reported that 8-week exercise training 
improved neuropathic symptoms in people with DPN 
(21). Kluding et al also found that 10-week combined 
endurance-resistance training reduced neuropathic pain 
in patients with diabetes with peripheral neuropathy 
(13). We also observed that foot sensation assessed by the 
monofilament test improved by exercise training. Possible 
causes of improvement in neuropathic symptoms can 
be attributed to the improvement of underlying factors, 
including blood glucose and blood circulation to the 
peripheral nerves. We found that improvement in foot 
sensation was coupled with HbA1c reduction. Although 
we did not explore the vascular changes following exercise 
training in our study, it has been previously reported that 
patients with neuropathy can benefit from vascular effects 
of exercise training (22). Thus, these changes brought 
about by exercise training may explain improvements 
in neuropathic symptoms. Even though the results were 
consistent to some extent, this study could be comparable 
with the aforementioned research in some aspects. For 
instance, Kluding and colleagues’ study was not controlled 
and randomized, and MNSI was applied by this research 
group to evaluate the state of neuropathy (13). 

Another finding of the study was the improvement in 
QOL and sleep quality (SQ) in this population following 
the intervention. This is in line with the results of another 
study showing that regular exercise over three months 
improves the QOL in elderly individuals with mild 
disabilities (23). Several studies have illustrated that 
moderate exercise training can improve sleep quantity 
and quality. However, little is known about its effect in 

Table 1. Mean ± SD of Body Composition and Calorie Intake

Variables

Groups

P ValueExperimental (n = 12) Control (n = 12)

Pre Post Pre Post

Age (year) 43 ± 4 - 44 ± 6 - 0.49

Weight (kg) 86 ± 15 85 ± 15 89 ± 11 89 ± 11 0.09

BMI (kg/m2) 29 ± 5 28 ± 5 29 ± 3 28 ± 2 0.20

Calorie intake (kcal) 2352 ± 224 2392 ± 221 2437 ± 211 2413 ± 168 0.61

P values presented for Time * Group interactions. P is presented by baseline comparison for age. 

Table 2. Mean ± SD of Variables Throughout the Study

Variables

Groups

P ValueExperimental (n = 12) Control (n = 12)

Pre Post Pre Post

MDNS 15.2 ± 2.3 12.1 ± 2.1 15.4 ± 2.5 15.3 ± 2.8 0.001

QOL 54.3 ± 7.6 66.4 ± 8.4 51.8 ± 6.4 54.1 ± 8.2 0.03

SQ 8.4 ± 2.0 6.5 ± 1.6 8.9 ± 3.2 8.7 ± 2.7 0.01

Monofilament 4.9 ± 1.5 5.8 ± 1.4 5.1 ± 1.7 5.0 ± 1.6 0.01

HbA1c (%) 8.32 ± 1.41 7.74 ± 1.50 8.61 ± 1.43 8.54 ± 1.83 0.01

Abbreviations: MDNS, Michigan Diabetic Neuropathy Score; QOL, quality of life; SQ, sleep quality.  
P values presented for Time * Group interactions.
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patients with DPN. Dixit and co-workers reported that 8 
weeks of regular exercise improved the QOL in this group 
of patients (21). However, they did not assess whether 
this improved QOL was correlated with neuropathic 
symptoms. We observed a relationship between the 
changes in MDNS score and QOL in patients with DPN. 
We assume that one of the most important possible 
reasons for improved QOL and sleep with exercise 
training is the improvement of neuropathic symptoms. 
Neuropathic pain is an important factor in reducing the 
QOL in these patients. We also found that following 
three months of exercise training, the quality of sleep 
remarkably improved. Neuropathic symptoms in this 
population are aggravated at night, which could be a cause 
of sleep disorders and poor SQ (24). Moreover, evidence 
shows that exercise training improves the quality of 
sleep through elevating endorphin secretion and energy 
consumption which facilitates sleep and recovery of the 
body (25, 26). Thus, we speculate that exercise training 
can potentially bring about metabolic effects and cause 
physiological changes that may improve neuropathic 
symptoms in these patients, which may eventually result 
in a better QOL and sleep. 

Conclusion
Overall, the results of the present study showed that a 
three-month aerobic exercise training program decreased 
HbA1c level and improved neuropathic symptoms, QOL 
and sleep in patients with DPN. There was a correlation 
between HbA1c and monofilament test score and 
also between neuropathic symptoms and QOL scores 
following the intervention. Moderate aerobic training 
may be recommended as a feasible strategy along with 
other therapeutic interventions for patients with diabetes 
and DPN.
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