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Abstract

Purpose Physical exercise is necessary in the handling DM, but it is not distinct which kind of physical exercise can improve
cardiac autonomic modulation in T2DM. The purpose of this study was to compare the effects of three different modalities
of exercise (aerobic, resistant, and combined) on cardiac autonomic modulation as measured by HRV in patients with type
2 diabetic neuropathy.

Methods The participants were 45 men (age: 55.24 +8.11 years, weight: 89.5+13.4 kg, height: 171.85+6.98 cm, duration of
diabetes: 12.51 +6.46 years) with type 2 diabetic neuropathy who were clinically free from signs and symptoms of cardiovas-
cular disease. Participants were randomly assigned to one of four groups: aerobic-training (n=11), dynamic resistant-training
(n=11), Combined-training (n=11), or a non-exercise control group (n=12). The exercise groups performed aerobic and
resistant exercise for 25-45 min per day, 3—5 times per week for 12 weeks. Anthropometrics, biochemical markers (FBS,
HbA c, Lipid Profile, and Insulin), and heart rate variability in the exercise laboratory and under ambulatory conditions by
3-channel ECG digital Holter recorder were examined.

Results All time and frequency-domain HRV parameters (except LF power) were significantly improved in the exercise
groups, compared with the control group (p <0.05). SDNN, rMSSD, and HF power were boosted, LF power was not differ-
ent, and the LF/HF ratio decreased after versus before exercise training, independent of exercise modality. HbAlc in aerobic
and resistant-training groups, and insulin and LDL in the resistant-training group were decreased after exercise training
(p<0.05).

Conclusions Exercise training, independent of modality, in patients with type 2 diabetic neuropathy who were clinically
free of the cardiovascular disease cause to significant progress in cardiovascular autonomic function assessed by HRV via
enhancing cardio-vagal and reducing cardio-sympathetic tone.
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Introduction Methods
Type 2 diabetes mellitus (T2DM) has become one of the  Setting

leading public health problems in modern society, partly due
to low levels of physical activity [1]. It has been predicted
that, all over, it will be the seventh, dominant cause of fatal-
ity by 2030 [2]. The feasibility of cardiovascular disease in
subjects with diabetes is 2 to 4 times more than those with-
out diabetes [3]. One of the most frequent complications and
outcomes of chronic hyperglycemia is peripheral neuropathy
[4], a serious cause of morbidity and mortality [5].

Screening for cardiac autonomic neuropathy (CAN) has
been prescribed in cases with T2DM [6]. Early diagnosing
malfunctions in the autonomic nervous system is critical to
attenuate the progression of the CAN process [7]. Although
standard cardiovascular reflex tests still being the golden
norm for the valuation of cardiovascular autonomic neuropa-
thy [8], one of the most comfortable and reliable methods to
determine cardiac autonomic neuropathy is the estimation
of the heart rate variability (HRV). HRV is the variation
between two successive beats: the higher the variety, the
greater the parasympathetic activity. A high HRV reveals
that an individual can regularly accommodate micro-envi-
ronmental changes [9]. Thus, low HRV is an indicator of
cardiovascular danger [10]. Patients with T2DM exhibit a
significant decrease in HRV due to reduced sympathetic and
parasympathetic activity compared to non-T2DM patients
[6], reflecting impairment in cardiovascular autonomic func-
tion [11].

Physical exercise is necessary in the handling of DM [12];
it promotes physical fitness, and functional capacity [13,
14], quality of life and well-being [15], increases metabolic
regulation and insulin sensitivity [16], reduces inflammatory
markers [17] and neuropathy symptoms [18], and increases
the regenerative capacity of cutaneous axons, slowing or
inhibiting neuropathy advancement [19]. Moreover, exercise
can promote HRV in different populations, including healthy
individuals and a variety of clinical populations, including
patients with T2DM [20-23], but it is not distinct which
kind of physical exercise can improve HRV in T2DM [24,
25]. Earlier trials have assessed the effect of aerobic-training
[26-28] and of resistant-training [29, 30] on HRV among
patients with T2DM. Only a few studies have investigated
resistant-training combined with aerobic-training termed
combined exercise training. Thus, the purpose of this study
was to compare the effects of three different modalities of
exercise (aerobic, resistant, and combined) on cardiac auto-
nomic modulation as measured by HRV in patients with type
2 diabetic neuropathy.

@ Springer

The exercise interventions took place at three community-
based exercise facilities in the University of Tabriz, Iran. The
exercise was supervised by three exercise specialist trainers.

Participants

Previously physically inactive patients with T2DM aged 34 to
67 years recruited through advertising, physicians, and word
of mouth. Inclusion criteria included having T2DM (as defined
by the American Diabetes Association [31]) for more than
3 years, a baseline hemoglobin Alc (HbAlc¢) value of 6.6% to
12% (normal range, 4.0% to 6.0%), and the presence of symp-
toms of peripheral neuropathy. Exclusion criteria were par-
ticipation in exercise two or more times weekly for 20 min or
longer per session or in any resistant-training during the previ-
ous six months; resting blood pressure greater than 160/95 mm
Hg; restrictions in physical activity because of disease; or
presence of other medical conditions that makes participation
inadvisable. After initial screening by telephone, requests for
HbA 1c¢ and neuropathy testing were mailed to potentially eli-
gible individuals. Those with screening HbA 1c values of 6.6%
to 12% and peripheral neuropathy were invited for in-person
assessment where informed consent was obtained, followed
by medical history and physical examination. Participants
returned on a separate day for a maximal graded exercise
stress test with electrocardiographic monitoring on a tread-
mill using a standard test (Bruce protocol). Persons who were
clinically free of any cardiovascular disease on this test were
allowed to proceed in the trial only if cleared by a cardiologist.
Finally, 52 male participants (age: 55.24 +8.17 years, weight:
89.54+13.41 kg, height: 171.85+6.98 cm, duration of dis-
eases: 12.51 +6.46 years) randomly allocated to the groups

(Fig. 1).
Run-in phase

Before randomization, all participants entered a 2-week run-in
phase to assess adherence. Participants performed 15 to 20 min
of aerobic training, 1 or 2 sets of 9 resistant-training exer-
cises and combined aerobic and resistant-training at moderate
intensity with supervision. Only persons who attended 4 or
more of the scheduled six run-in sessions were eligible for
randomization.

Randomization

Participants were stratified based on HbAlc value, then
randomly from each stratify; participants were allocated
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Fig.1 Study flow diagram Assessed for eligibility
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to equal numbers to the aerobic training, resistant training,
combined-training, and control groups.

Intervention

Individual exercise supervision was provided weekly for the
first four weeks after randomization and biweekly thereaf-
ter. See Table 1 for the details of the exercise interventions.
The aerobic-training group exercised three times weekly.
Training progressed gradually in duration and intensity.
Participants progressed from 25 to 45 min per session at
70% of the maximum heart rate (MHR) to 40 min per ses-
sion at 75% of the MHR, as determined from the maximal
treadmill exercise test. Heart-rate monitors (Polar Electro
Oy, Kempele, Finland) were used to adjust the workload to
achieve the target heart rate. The resistant-training group
exercised 3 times weekly, and training progressed gradually
in duration, and intensity performed 9 different exercises on
weight machines each session, progressing to 2 to 3 sets of
each exercise at the maximum weight that could be lifted 8
to 12 times (2 sets of 4 upper-body exercises (bench press,
seated row, shoulder press, and pull down), 3 sets of 3 leg

Analyzed (n=11)
Excluded from
analysis: 0

Analyzed (n=11)
Excluded from
analysis: 0

exercises (leg press, extension, and flexion) and 2 sets each
of abdominal crunches and back extensions).

The combined-training group did the three aerobic-train-
ing sessions every week (full aerobic-training program) plus
two resistant-training sessions per week, with each session
consisting of 1 set of each of the above nine exercises to
ensure an adequate dose of each type of exercise. Control
participants were asked to maintain their daily activity levels
as same as pre-study activity levels [32, 33].

We prescribed a diet to all participants that would not
cause weight loss to minimize dietary variability among
groups. Dietary counseling was based on the Canadian
Diabetes Association guidelines [34]. The dietitian inter-
viewed each participant at baseline and three months later
and reviewed a 3-day food diary. Letters were sent to partici-
pants’ physicians asking that therapy with antihypertensive,
lipid-altering, or glucose-lowering medications not be initi-
ated or altered during the 3-month intervention unless it was
medically required. When medication changes were deemed
necessary, we asked physicians and participants to inform us
of these changes. There were no changes in any medications
between enrollment and three months.
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Heart rate variability measurement

Before run-in phase and at the end of the 3-month study
period, we examined HRV between 06:30 a.m. and 11:00
a.m. for 20 min in a comfortable, temperature-controlled
(22-24 °C) room with dimmed lighting and absent distrac-
tion from noise following a 12-h fasting period. Participants
abstained from consuming caffeine-containing products and
alcoholic beverages for 12 h and heavy physical activity for
48 h. We controlled respiration rate using a metronome at
a fixed rate of 12 breaths/min (0.2 Hz). To measure HRV,
each participant was connected to a 3-channel ECG digital
Holter recorder (VX3 + Digital Holter Recorder, DMS Ser-
vice Company, Made in the USA) and asked to lie down for
15 min. Then, a supine, resting 20-min electrocardiographic
(ECG) recording was obtained and used to calculate time-
domain and frequency-domain HRV parameters using Full
Option software (DM Software, CARDIOSCAN II, Version:
12.2.0017a, Designed by the USA). The time and frequency
HRYV parameters used in the analysis are the standard devia-
tion of all regular RR intervals (SDNN), which reflects total
variability and carries the strongest prognostic information
in heart disease, and the root means square of successive
differences in normal RR intervals (RMSSD), which reflects
the parasympathetic modulations in heart rate. Frequency-
domain analysis included: low-frequency (LF) component
(frequency range 0.04—0.15 Hz) and the high-frequency
(HF) component (frequency range 0.15-0.4 Hz) in absolute
units (ms?), low-frequency to a high-frequency ratio (LF/
HF). The LF component is modulated by both the sympa-
thetic and parasympathetic nervous system and thus indi-
cates a mixture of both autonomic inputs. The HF compo-
nent is commonly defined as a marker of vagal modulation.
The LF/HF ratio provides a criterion of the sympathovagal
balance, where an increase in the ratio reflects a predomi-
nance of sympathetic over vagal modulation [35, 36].

Blood sampling and analysis

Following a 10-12 h overnight fast, blood was drawn via an
antecubital vein for analysis. All blood measurements were
taken before the run-in phase and 48 h after the last training
session. The biochemical examinations involved detection of
fasting plasma glucose, cholesterol, triglyceride, high-den-
sity lipoprotein (HDL), and low-density lipoprotein (LDL)
levels and were conducted using enzymatic methods on a
Mindray BS-480 Chemistry Analyzer (Shenzhen Mindray
Bio-Medical Electronics Co., Ltd, China). Glycosylated
hemoglobin (HbAlc) was assessed by the technical perfor-
mance of the Bronate affinity assay using a Cera-Stat 2000-
type analyzer (HbA1C POCT Analyzers kit, LabonaCheck
A1C & Cera-Stat 2000, South Korea). The insulin levels
were assessed by the electrochemiluminescent immunoassay

method (Elecsys 2010 analyzer, Cobas, Roche Diagnostic,
Germany).

Anthropometric measurements

Weight and height were measured and used to calculate
the body mass index (BMI) (kg/mz). Also, body composi-
tion (body fat percentage and skeletal muscle mass) was
measured by bioelectrical impedance analyzer (BIA),
Inbody 230 (Biospace, Seoul, Korea) in a temperature-
controlled (22-24 °C) room following a 12-h fast. Partici-
pants, abstained from heavy physical activity for 24 h. Blood
pressure was checked after 10 min at rest (by Beurer BM20
Digital Blood Pressure Monitor); the mean of 2 readings
obtained 2 min apart was used in the statistical analysis.

Adverse events

We used a standard form to log each adverse event. Sub-
jects were questioned on adverse events by the research
coordinator at each visit and by the exercise specialist if a
scheduled exercise session was missed. In addition, adverse
event forms were completed if a participant spontaneously
reported an adverse event to the trainer. In this study, one
combined exercise training participant, and one aerobic-
training participant reported mild hypoglycemia.

Statistical analysis

The normality of the distribution was tested using a Kol-
mogorov—Smirnov test. Different anthropometric, biochemi-
cal characteristics, and HRV parameters between the four
groups were compared before (baseline) and after exercise,
using ANCOVA and data are presented as mean + standard
deviation. A post-hoc test (Bonferroni) was used to deter-
mine where significant differences. A p-value of <0.05 was
considered statistically significant. Data were analyzed with
the 26™ version of IBM SPSS statistical software.

Results
Participant characteristics

The anthropometric and biochemical characteristics of study
participants are shown in Table 2. The inter-group variation
of anthropometrics characteristics showed that systolic blood
pressure in all three types of exercise groups (F; 39=11.56,
p<0.01), BMI in the aerobic-training group and WHR
in the aerobic and combined-training groups were dimin-
ished compared with the control group (p>0.01). Changes
in other anthropometrics and biochemical characteristics

@ Springer
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Table 2 The anthropometrics and biochemical characteristics of the participants

Groups  Mean (SD) Value Change P-Value Mean (SD) Value Change P-Value
Baseline 12 weeks Baseline 12 weeks
Weight, kg Percent Body Fat, %

AT 91.74+13.89 89.69+12.80 -2.05+3.03 0.048* 29.55+7.12 24.18+7.45 -5.37+3.85 0.001%*

RT 85.64+8.60 84.60+8.09 -1.04+£2.12 0.134 28.00+5.49 22.43+8.30 -5.58+3.95 0.001%*

CT 88.76 +14.31 87.03+13.91 -1.74£3.12 0.095 30.02+7.94 25.97+6.49 -4.04+4.22 0.010%*

C 91.79+16.24 91.54+17.23 -0.25+2.44 0.729 28.60+10.10 27.49+11.82 -1.11+4.05 0.362
BMI, kg/m2 WHR

AT 30.39+3.36 29.45+3.21 -0.94+0.66 0.001**  0.962+0.033 0.940+0.037 -0.022+0.019  0.005**

RT 28.79+2.59 28.42+2.50 -0.37+0.68 0.101 0.949 +0.025 0.950+0.035 0.001+0.025 0.908

CT 30.36+3.02 29.81+2.56 -0.55+1.01 0.101 0.946 +0.023 0.928+0.019 -0.018+0.021  0.020*

C 30.93+5.12 31.29+5.32 0.36+0.83 0.166 0.940+0.035 0.954+0.037 0.014+0.014 0.006%**
FBS, mg/dL Hemoglobin Alc

AT 142.64+39.48  148+40.76 5.36£37.92 0.649 7.12+1.17 6.29+0.79 -0.83+£0.93 0.014*

RT 129.36 +£37.45  121.91+31.58 -7.45+40.04 0.551 6.95+0.77 6.33+0.59 -0.62+£0.56 0.004**

CT 155.73+94.18  155.72+64.38 -0.01+108.20  0.999 7.15+1.11 6.84+0.96 -0.31+1.11 0.378

C 156.75+55.57  149.75+61.59 -7.00+£71.33 0.740 7.26+1.01 6.82+1.14 -0.44+0.71 0.055
Insulin, pU/ml Total Cholesterol, mg/dL

AT 12.47+10.74 13.32+11.62 0.85+3.23 0.402 136.27+41.85  15491+5221  18.64+33.39 0.094

RT 15.85+18.76 12.84+13.32 -3.01+£10.03 0.343 166.36+29.56  162.36+2530 -4.00+27.73 0.665

CT 10.36+6.62 15.74+8.70 5.38+6.85 0.026* 138.82+28.27 1399142532  1.09+22.13 0.873

C 19.43+14.14 21.42+15.48 1.99+5.24 0.215 137.33+£34.12  171.25+61.37  33.92+44.43 0.023*
Triglycerides, mg/dL. HDL cholesterol, mg/dL

AT 170.63+81.56  210.64+125.24  40.01+102.51  0.225 38.36+6.68 38.18+5.69 -0.18+5.44 0.914

RT 131.73+£72.93  132.18+47.35 0.45+38.75 0.970 46.82+11.54 43.36+7.98 -3.46+5.30 0.056

CT 127.55+50.77  130.91 +58.98 3.36+£32.12 0.736 36.45+7.10 36.73+8.72 0.28 +4.00 0.826

C 205.42+85.09 321.92+89.36 116.5+311.56  0.222 32.83+9.79 31.92+8.06 -0.91+3.87 0.430
LDL cholesterol, mg/dL Systolic blood pressure, mm Hg

AT 69.54 +29.00 75.87+27.08 6.33+£18.70 0.288 12491+12.01 11891+8.73 -6.00+10.95 0.099

RT 96.53+22.40 83.09+15.62 -13.44+19.17  0.042%* 124.91+£9.61 114.36+11.20  -10.55+10.59  0.008%*%*

CT 78.09 +£16.54 71.91+19.08 -6.18+18.38 0.291 12691+11.94 11691+7.61 -10.00+6.57 0.001%**

C 76.27+23.19 77.05+21.02 0.78 £20.97 0.899 119.00+6.83 134.82+14.01  15.82+15.97 0.008%**
Diastolic blood pressure, mm Hg

AT 71.64+7.89 69.82+7.72 -1.82+11.54 0.613

RT 72.27+5.76 67.27+11.39 -5.00+11.04 0.164

CT 76.73 +£7.60 67.91+9.21 -8.82+8.11 0.005%%*

C 71.36+5.77 75.91+6.86 4.54+6.77 0.050

BMI, body mass index; WHR, waist-hip ratio; FBS, fasting blood sugar. Results are expressed as mean +SD

** The p <0.01 was considered statistically significant

* The p <0.05 was considered statistically significant.

AT Aerobic-training group, RT Resistant-training group, CT Combined-training group, C control group

values weren’t significantly different in the exercise groups
compared to the control group (p <0.05).

The results of intra-group changes indicated that body
fat percent in all three types of exercise groups (aerobic
(t,o=4.63, p<0.01, resistant (t;,;=4.68, p<0.01 and com-
bined (t;,=3.18, p<0.01), weight in the aerobic-training
group (t;,=2.25, p<0.05), BMI in the aerobic-training
group (t;p=4.69, p<0.01), WHR in the aerobic (t;;=3.64,

@ Springer

p<0.01) and the combined-training groups (t;,=2.76,
p <0.05), systolic blood pressure in the resistant (t;,=3.30,
p<0.01) and the combined-training groups (t;,=5.05,
p<0.01) and diastolic blood pressure in the combined-train-
ing groups (t;,=3.61, p<0.01) were declined after versus
before exercise training. In addition, HbAlc was reduced
after versus before exercise training in the aerobic (t;;=2.95,
p <0.05) and the resistant-training groups (t;,=3.65,
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p <0.01). Insulin was incremented in the combined-train-
ing group (t,,=2.61, p<0.05), and LDL was decreased
in the resistant-training group (t;,=2.32, p <0.05) after
versus before exercise training. The control group showed
escalation in WHR (t,; =3.40, p <0.01), total cholesterol
(t;; =2.64, p <0.05) and systolic blood pressure (t;,=3.29,
p <0.01) variables in posttest versus pretest (Table 1). In
other variables of anthropometric measurements or bio-
chemical indices, no significant difference was observed.

Frequency-domain measures

The inter-group variation of Frequency-domain parameters
showed that HF power (F; ;;=83.56, p<0.01) and LF/HF
ratio (F; 35=6.24, p <0.01) values were significantly differ-
ent in the training groups compared with the control group

and HF power was increased, and LF/HF ratio was decreased
in all three types of aerobic, resistant and combined-training
compared with the control group at P <0.05. The results
showed no significant difference between HF power and LF/
HF ratio values between training groups (see Table 3).

Discussion

This study was designed to determine the effects of three
different types of exercise on cardiac autonomic modula-
tion in patients with type 2 diabetic neuropathy. The major
finding of the present study shows that cardiac autonomic
modulation as measured by HRV was significantly improved
through increasing cardio-vagal tone and decreasing

Table 3 Changes in HRV parameters in the four study groups before and after 12 weeks of exercise

Variable Mean (SD) Value Change Change Percent Difference in Change P-Value
- from Baseline to 3
Baseline 12 weeks Months (95% CI)
SDNN, mSec, [n]
AT 31.70+9.80 [10] 43.70+10.77 [10] 12.00+7.53 37.86 6.61to 17.38 0.001"
RT 33.00+13.33 [11] 44.64+15.68 [11] 11.64+7.80 35.27 6.40 to 16.88 0.001"
CT 38.00+17.71 [11] 47.82+19.05[11] 9.82+7.96 25.84 4.47to 15.16 0.002"
C 29.92+15.38 [12] 29.58 +13.62 [12] 0.33+6.41 -1.10 -4.41t03.74 0.860
rMSSD, mSec
AT 14.50+4.97 [10] 24.10+7.03 [10] 9.60+4.88 66.21 6.11 to 13.09 0.000™
RT 13.73+5.83 [11] 2573 +12.12 [11] 12.00+11.85 87.40 4.04 to 19.96 0.007"
CT 20.73+17.40 [11] 30.09+19.50 [11] 9.36+7.00 45.15 4.66to 14.07 0.001"
C 16.00+5.03 [12] 16.17+6.13 [12] 0.17+6.71 1.06 -4.10 to 4.43 0.933
LF Power, ms?
AT 257.48 +146.19 [10] 319.83+364.80 [10] 62.35+337.40 24.22 -179.01 to 303.72 0.573
RT 184.39+104.12 [10] 289.74 +177.66 [10] 105.35+148.98 57.13 -1.22t0211.92 0.052
CT 268.18+140.29 [11] 328.27+201.43 [11] 60.09 +173.07 22.41 -56.18 to 176.36 0.276
C 180.73 £159.51 [11] 272.50+392.22 [11] 91.77+304.23 50.22 -112.61 to 296.16 0.341
HF Power, ms>
AT 76.41+25.32[11] 295.98 +69.00 [11] 219.57 +£60.40 287.36 178.99 to 260.15 0.000™
RT 39.46+26.99 [10] 271.45+59.50 [10] 231.99 +38.39 587.91 204.53 to 259.45 0.000™
CT 47.26+32.07 [10] 243.80+67.63 [10] 196.54 +38.27 415.87 169.16 to 223.91 0.000™
C 46.46+34.59 [11] 43.86+36.89 [11] -2.60+14.23 -5.66 -12.16 to 6.96 0.558
LF/HF Ratio
AT 331+£1.82[10] 1.21£1.59[10] -2.10+1.84 -63.44 -3.42 t0 -0.78 0.006™
RT 6.09+5.25[9] 1.01£0.55[9] -5.09+5.08 -83.42 -8.99to-1.18 0.017"
CT 7.90+6.14 [10] 1.31+£0.90 [10] -6.60+5.58 -83.42 -10.58 to -2.61 0.005™
C 5.29+4.86 [10] 5.72+£5.82[10] 0.43+4.96 8.13 -3.11t03.98 0.788

1 Values in brackets are the numbers of patients with complete data

** The p<0.01 was considered statistically significant

* The p <0.05 was considered statistically significant

SDNN the standard deviation of all normal RR intervals, rMSSD the root means square of successive differences in normal RR intervals, HF
high-frequency power, LF low-frequency power, LF: HF Ratio the ratio of low frequency to high-frequency power, AT Aerobic-training group,
RT Resistant-training group, CT Combined-training group, C control group
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Intra-group changes in time-domain variables in the four study groups before and after 12 weeks of exercise. A. The highest percentage of change in
SDNN was related to aerobic-training with 37.86%. B. The highest percentage of change in rMSSD was related to resistant-training with 87.4%.
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Intra-group changes in Frequency-domain variables within the study groups before and after 12 weeks of exercise. LF power was unaffected after all
three types of the exercise program. B. The highest rate of change in HF power was related to resistant-training with 587.91%.

cardio- sympathetic tone in all three types of aerobic, resist-
ant and combined-training groups compared with the control
group.

In the current study, rMSSD and SDNN parameters, both
were statistically increased after all three types of exercise;
the highest rate of the increase in rMSSD parameter was
related to resistant training, and in SDNN parameter, the
highest percentage of its increase was related to aerobic
training.

Using more specific information obtained from fre-
quency-domain measures, HF power was raised and LF/
HF ratio was declined in all three types of exercise but the
highest percentage of the increment in HF power was related
to resistant-training and the highest percentage of decline
in LF/HF ratio was related to both resistant and combined-
training, whereas LF (ms?) was not different after training.
Our findings are in agreement with those from past stud-
ies that have examined the impact of exercise training on
HRYV [26, 27, 37-40]. Those studies have revealed that HRV
raised significantly after training, despite studies used either
time-domain measure or frequency-domain measure for the
analysis of HRV. Nonetheless, Loimaala et al. and Kang
et al. [41, 42] reported that although the exercise program
did not markedly improve HRV after 12 weeks of training,
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SDNN, rMSSD, LF, and HF were boosted, and LF/HF was
reduced. Thus, exercise may conduce to the prevention and
management of cardiac autonomic neuropathy in patients
with T2DM.

The mechanism by which exercise training improves
HRYV is not well understood. It is believed, however, that
exercise training enlarges vagal tone and decreases the
sympathetic cardiac influence, causing in an amelioration
in HRV [36, 43]. At least two moderators are proposed to
play a role in increasing the cardiac vagal tone in return to
exercise training: nitric oxide (NO) and angiotensin II. NO is
assumed to have a direct impact on cardiac vagal tone and an
indirect effect on sympathetic cardiac influence [44]. Exer-
cise training has been found to boost NO bioavailability and
endothelial function [45]. The second mediator, angiotensin
I1, is an accepted inhibitor of cardiac vagal activity [25, 46].
Athletes and physically trained individuals have been indi-
cated to have reduced levels of plasma renin activity, and
therefore, decreased angiotensin II levels, than non-athletes
and untrained people [47]. In addition, several biological
mechanisms by which exercise training ameliorates HRV
have been proposed. They could likely be associated with
subsequent changes in body-fat distribution, atherogenic
lipoprotein profiles, and blood pressure, as well as favorable
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effects on muscular capillary density and autonomic nerv-
ous system balance [25, 48]. In diabetes mellitus, physical
activity has favorable effects on both glucose metabolism
and insulin sensitivity. These involve expanded sensitivity
to insulin, declined production of glucose by the liver, an
extensive number of muscle cells that use more glucose than
adipose tissue, and reduced obesity [23, 49]. Nonetheless,
detecting the specific mechanism by which exercise train-
ing promotes HRV and autonomic cardiac regulation needs
additional research studies.

Considering so, regular exercise modulates cardiac auto-
nomic control by increasing vagal tone and decreasing sym-
pathetic influence [39]. This transfer toward greater vagal
modulation may beneficially affect the prognosis of subjects
with a variety of morbidities [50]. Therefore, patients with
type 2 diabetic neuropathy may attenuate or obviate the car-
diac autonomic neuropathy complication with the beneficial
effects of exercise on HRV and other cardiovascular health
indicators in those individuals with this comorbidity.

Conclusions

In conclusion, 3-5 times a week, 3-month, aerobic, resist-
ant and combined-training program in type 2 diabetic neu-
ropathy patients who are clinically free of the cardiovascular
disease causes considerable advances in cardiac autonomic
modulation of HRV through enhancing cardio-vagal tone
and reducing cardio- sympathetic tone. Furthermore, based
on the present findings, it seems that the inclusion of com-
plementary resistant-training in physical exercise programs
for patients with T2DM may be applicable, but further stud-
ies are required. As the ahead study was limited by restricted
sample size, further studies in a large number of people with
type 2 diabetic neuropathy are necessary to support these
favorable effects detected in the biochemical and autonomic
variables after the training period have beneficial effects on
the clinical outcome of the subjects.
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