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Background: The long-term effects of aerobic exercise on the cardiorespiratory system have been studied extensively. This
study aimed to evaluate the effects of aerobic exercise with and without external loads on blood glucose, cardiovascular,
respiratory, and body temperature indices in patients with type II diabetes.

Methods: The present randomized control trial recruited participants from the Diabetes Center of Hamadan University
through advertisement. Thirty individuals were selected and divided into an aerobic exercise group and a weighted vest group
via block randomization. The intervention protocol included aerobic exercise on the treadmill (0 slopes) with an intensity of
50% to 70% of the maximum heart rate. The exercise program for the weighted vest group was identical to that of the aerobic
group, except that the subjects wore a weighted vest.

Results: The mean age of the study population was 46.77%5.11 years in the aerobic group and 48+5.95 years in the
weighted vest group. After the intervention, blood glucose in the aerobic group (167.07+72.48 mg/dL,; P<0.001) and the
weighted vest group (167.75+61.53 mg/dL; P<0.001) was decreased. Additionally, resting heart rate (aerobic: 96.83+11.86
bpm and vest: 94.92+13.65 bpm) and body temperature (aerobic: 36.20+0.83 °C and vest: 35.48+0.46 °C) were increased
(P<0.001). Decreased systolic (aerobic: 117.92+19.27 mmHg and vest: 120.91+12.04 mmHg) and diastolic (aerobic:
77.38+7.54 mmHg and vest: 82.5+11.32 mmHg) blood pressure and increased respiration rate (aerobic: 23.07+5.45 breath/
min and vest: 22+3.19 breath/min) were seen in both groups but were not statistically significant.

Conclusion: One aerobic exercise session with and without external loads reduced blood glucose levels and systolic and
diastolic blood pressure in our 2 study groups.
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Introduction

Type Il diabetes mellitus, one of the most common
metabolic disorders, is caused by defective insulin secretion
by pancreatic B-cells and tissue insulin resistance.! Type
II diabetes accounts for 85% to 95% of all diabetes cases
in the world due to lifestyle.? The latest estimates in 2017
indicated that 451 million people the world over had
diabetes, with the figure projected to have risen to 693
million by 2045.3 Diabetes imposes a significant burden
on society in terms of expenses, premature death, and
intangible costs in reduced quality of life.*

The salient complications of chronic hyperglycemia in
patients with type Il diabetes are microvascular (retinopathy,
nephropathy, and neuropathy) and macrovascular, both of
which can cause damage to various systems, leading to
debilitating and health-threatening complications. Further,
diabetes increases the risk of cardiovascular disease in
patients by 2 to 4 times.’

Physical activity is a simple and inexpensive intervention
to prevent diabetes or decelerate the process of diabetes.
Exercise is the cornerstone of diabetes treatment. The 2018
Diabetes Standards recommend that individuals with type
I and type II diabetes exercise 150 minutes a week with
moderate to severe intensity.® Skeletal muscle is responsible
for glucose consumption after meals and glucose transport.
Glucose transport is primarily carried out by glucose
transporter carrier proteins. Exercise causes this protein
to move from inside the cell to the plasma membrane,
leading to glucose consumption.” Type Il diabetes is
followed by arterial hypertension, autonomic dysfunction,
and endothelial dysfunction. Endothelial dysfunction is
affected by vasodilators, such as prostaglandins, nitric
oxide, bradykinins, and kallikreins. Thus, exercise may
produce endothelial repair and improve hypertension by
producing these substances.! Aerobic exercise lowers
blood pressure, augments insulin sensitivity, controls
glucose, improves lipoprotein profile, and controls weight
in type II diabetes. Recent evidence suggests that aerobic
activity is associated with reduced cardiovascular risk and
mortality.® Randomized controlled studies have reported
that resistance exercise decreases insulin resistance,
glycosylated hemoglobin (HbA1c¢), and fasting glucose by
muscle hypertrophy in patients with type II diabetes.’

Various studies have examined the effects of various
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types of exercise on controlling blood sugar and arterial
blood pressure. Exercises performed in various articles
include aerobic,'” resistance,!! and aerobic and resistance
combined.!® 213 The intensity of exercise used in different
studies varies significantly, from 65% to 60% of the reserve
heart rate for aerobic exercise. The intensity required for
resistance exercise starts from a 1-repetition maximum
(RM) of 50% to 30% and reaches a 1RM of 80% to 70%
at the end'* with a target heart rate of 65%.'> Based on the
Karvonen formula,'”? a IRM of 60% to 50% (in the first
week) can be increased in intensity to a IRM of 85%
to 75%."" Depending on activity or inactivity during 6
months,'® improvements can be made in the intensity of
swimming, walking,'” and daily walking'® up to between
65% and 85% of the maximum heart rate.'

Despite the positive effects of exercise on patients with
diabetes, only a few such patients are likely to adhere to
the exercise regimen. Significant barriers such as lack
of knowledge about the need for exercise, the high cost
of fitness centers, lack of time, hypoglycemia risk, and
psychological problems are some of the reasons why
patients with diabetes might not adhere to their exercise
regimen."

Many studies have applied multi-session protocols in
diabetic patients,'® while a single exercise session increases
insulin sensitivity in obese individuals.'® The advantages
of the short protocol are its positive effects on the cardiac
structure and function (central adaptation), myocardial
glycolytic activity (peripheral adaptation), the regulation
of metabolic gene expression in type II diabetes, and the
control of blood sugar and HbA1¢ in the least time.?® Recent
evidence suggests the positive impact of acute exercise
on systemic inflammatory mediators on immune cells
regardless of weight or fat loss.?! In a study by Cockcroft
et al,”? in a 24-hour period, the average blood glucose
level was lower for all participants in the acute exercise
condition. The novelty of the present study is the effect of
a single exercise session with the standard protocol of the
American Association (50%—-70% of the maximum heart
rate)? on blood glucose, which has scarcely been studied
earlier. Additionally, none of the previously published
studies has addressed the use of a weighted vest as a
combined aerobic and resistance exercise.

In the current study, we aimed to investigate the immediate
effects of 2 exercise protocols (aerobic exercise and
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aerobic exercise with external loads) on blood glucose and
systolic and diastolic blood pressure in patients with type
II diabetes. Although the positive effects of both exercise
protocols have been proven, the current research aimed
to determine which one was superior regarding its effects
on the indicators commonly evaluated. The advantage of
this study is that we had an aerobic exercise group with
external loads using a weighted vest. We hypothesized that
if the vest protocol proved superior, it could be simulated
as a backpack, a convenient and cost-effective method to
evaluate all type II diabetic patients.

Methods

The statistical population of this study comprised
patients with diabetes referred to the Diabetes Center of
Hamadan University. The study protocol was approved
by the Research Ethics Committee of Hamadan
University of Medical Sciences (ethics code: IRRUMSHA.
REC.1399.049). The study was registered as a clinical trial
study on the Iranian Registry of Clinical Trials (registration
ID in IRCT: IRCT20190202042581N3, www.irct.ir).
Individuals with type II diabetes, eligible for entry criteria
and without exit criteria, were divided into an aerobic
exercise group and an aerobic exercise group with external
loads for evaluation. The sampling method was easy, but
the samples were assigned to the groups randomly using
block randomization. This study was a single-blinded
randomized trial; in other words, the outcome assessor
was unaware of the assigned treatment of the patients. The
eligibility criteria included a disease duration of between
2 and 10 years, age between 40 and 60 years, a body mass
index of between 20 and 30, an HbA lc level of 10% to 6%,
no hypertension, no history of cardiovascular disease,'”
24 no history of musculoskeletal diseases,” no history of
other metabolic diseases,? no retinopathy,'? no urea protein
or kidney failure,'® %1317 no insulin use," no foot ulcers,
and no severe peripheral neuropathy. The exclusion criteria
included not using B-blockers before the exercise test and
feeling tired (considering that the patient’s ability and not
feeling tired constituted a prerequisite). The Borg scale
was used. Based on the 20-point criterion, the exercise
test is to be terminated when the patient says 16 and
above. Furthermore, feeling short of breath and exhibiting
hypoglycemia symptoms during the exercise test were
other indicators for the exercise test termination. The study
participants were asked not to make any changes in the type
of medicine, nutrition, and activity before entering the study.
The required sample size for the detection of the effects of
the exercise test was calculated as 12 individuals in each
group. Based on a study by Maiorana et al,” the effect size
and its standard deviation were 1.3 and 1.8, respectively.
Type I (o) and type II (B) errors were considered to be 0.05

and 0.1, respectively.

Considering the possibility of patient exclusion from
the study for any reason, we sought to reduce the adverse
effects by considering the sample size in each group to be
15 patients. Finally, due to problems such as acute low back
pain, acute knee pain, and fear of falling off the treadmill,
13 patients participated in the aerobic exercise group and
12 in the weighted vest group. Diabetes was confirmed by
an endocrinologist following the standards of the American
Diabetes Association.”® A cardiologist examined the
patients with type II diabetes thoroughly. After meeting the
inclusion criteria and undergoing an exercise test to ensure
that they had no vascular obstruction, the patients entered
the study voluntarily. They exhibited no ST depression,
no drops in blood pressure, and no symptoms during the
exercise test and the intervention protocol. Before the
intervention, anthropometric characteristics, including
weight and body mass index, were measured in all the
participants, who subsequently provided a written consent
form to participate in the study. The patients with type II
diabetes were randomly divided into 2 groups: aerobic
and aerobic with external loads. In the former group, the
therapeutic intervention was walking on a treadmill for 30
minutes. The intensity of physical activity was determined
according to the standards of the American Diabetes
Association in patients with diabetes, 50% to 70% of the
maximum heart rate. The intensity range increased from
50% to 70% during this session. Maximum heart rate
was obtained through exercise testing at Farshchian Heart
Hospital in Hamadan. The target heart rate in the patients
was calculated via the Karvonen formula: HRtarget = HR
rest + 50-70% (HRmax - HR rest). In the latter group,
a weighted vest was used to apply more force to the
cardiorespiratory system while walking on the treadmill.
The weights utilized were distributed inside the patient’s
pockets at the back and bottom to prevent flexural torque and
to create a backpack simulation for future recommendation
to other patients with diabetes. The weights used were 200
to 300 g and were easy to put in and out of pockets. The
weight was 5% of body weight in accordance with a study
by Roghani et al.””

At the beginning and the end of 30 minutes of
exercise, blood pressure was measured with a digital
sphygmomanometer (Omron RS2 digital pressure
gauge, China), and blood glucose was measured with
a glucose meter (Accu-Chek Performa glucometer,
USA). A physiotherapist measured the participants’ body
temperature with a thermometer (Omron GentleTemp
520). A digital thermometer was placed in the ear, and the
temperature was read on the digital screen. A heart rate
monitor (Beurer PO60 digital pulse meter, Germany) was
drawn upon during the entire protocol execution time.

Categorical variables were reported as frequencies and
percentages, and continuous variables were reported as
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means and standard deviations (SDs). The Shapiro—Wilk
normality test was used to check the normality of the
outcomes. Due to the normality of the data, the parametric
test was employed for data analysis. Differences in resting
heart rate, blood sugar, systolic and diastolic blood
pressure, temperature, and respiratory rate before and after
the intervention were calculated. Because the correlations
between the values of the variables before and after the
intervention exceeded 0.5, the change score approach was
applied to compare the outcomes between the groups.
The t test was carried out to compare differences in the
mentioned outcomes between the groups. The statistical
significance was considered to be 0.05. The Stata 14.2
software (StataCorp, TX, US) was used for data analysis.

Results

The present study enrolled 30 patients between 40 and
60 years of age with type II diabetes. The participants
were randomly divided into 2 groups: aerobic (n=15) and
aerobic with external loads (n=15). Two patients in the
aerobic group and 3 patients in the weighted vest group

were excluded from the study due to problems. Finally,
25 patients (13 in the aerobic group and 12 in the aerobic
group with external loads) completed the study. The study
participants’ demographic characteristics at the beginning
of the intervention are presented in Table 1. Table 2 shows
that after the intervention, blood glucose in the aerobic
group (meantSD =167.07+72.48 mg/dL; P<0.001) and
the weighted vest group (meantSD =167.75+61.53 mg/
dL; P<0.001) was decreased. Furthermore, resting heart
rate (aerobic: 96.83+11.86 bpm and vest: 94.92+13.65
bpm) and body temperature (acrobic: 36.20+0.83 °C and
vest: 35.48+0.46 °C) were increased (P<0.001). Decreased
systolic (aerobic: 117.92+19.27 mmHg and vest:
120.91£12.04 mm Hg) and diastolic (aerobic: 77.38+17.54
and vest: 82.5+11.32) blood pressure and increased
respiration rate (aerobic: 23.07+5.45 breath/min and vest:
2243.19 breath/min) were seen in both groups but were not
statistically significant. The intergroup comparison showed
no difference between the effects of the protocol type
(Table 3). Figure 1 presents the various stages of this study
in a CONSORT diagram. This trial study met the criteria in
the CONSORT checklist.

Table 1. Basic characteristics of the aerobic exercise and weighted vest groups (mean +standard deviation)

Variable Aerobic Group (n=13) Weighted Vest Group (n=12) P

Age (y) 46.77+5.11 48.00+5.95 0.583
Weight (kg) 75.63+13.52 74.73+8.35 0.843

BMI (kg/m?) 27.64+3.98 26.65+2.98 0.461
Disease duration (y) 4.61£2.14 5.41+2.74 0.422

FBS (mg/dL) 167.54+67.02 156.66+39.16 0.629
HbAlc (%) 7.27+1.27 7.74+1.57 0.419

BMI, Body mass index; FBS, Fasting blood sugar; HbAlc, Glycosylated hemoglobin

Table 2. Indicators of blood sugar, heart rate, respiration, and body temperature before and after a session of the exercise protocol

Variable Aerobic Group (n=13) p Weighted Vest Group (n=12) P
After Before After Before

Blood sugar (mg/dL) 167.07+72.48 200.76+70.04 <0.001 167.75+61.53 217.00+£65.19 <0.001
Rest heart rate (bpm) 94.92+13.65 83.4+10.92 <0.001 96.83+11.86 82.2549.56 0.001
SBP (mmHg) 117.924+19.27 124.15+18.97 0.384 120.91+12.04 124.08+13.60 0.065
DBP (mmHg) 77.38+17.54 80.46+13.02 0.403 82.50+11.32 79.83+8.99 0.359
Temperature (°C) 36.20+0.83 35.9240.88 0.048 35.77+0.65 35.48+0.46 0.049
Respiratory rate (breath/min) 23.07+5.45 21.70+5.57 0.491 22,00+3.19 21,00+6.41 0.557
SBP, Systolic blood pressure; DBP, Diastolic blood pressure

Table .3 Comparisons of mean differences in blood glucose ,cardiac ,respiratory ,and body temperature indices after the exercise protocol

Variable Aerobic Group (n=13) Weighted Vest Group (n=12) P
Mean difference Standard deviation Mean difference Standard deviation

Blood sugar (mg/dL) -33.69 19.94 -49.25 28.79 0.127
Rest heart rate (bpm) 11.08 9.77 14.58 5.97 0.295
SBP (mmHg) -6.23 11.09 -3.16 12.10 0.515
DBP (mmHg) -3.07 11.63 2.66 10.62 0.211
Temperature (°C) 0.28 0.47 0.29 0.45 0.970
Respiratory rate (breath/min) 1.37 8.18 1 4.86 0.893

SBP, Systolic blood pressure; DBP, Diastolic blood pressure
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Figure 1. The image illustrates the CONSORT diagram.

Discussion

The present study investigated the effects of 1 session
of aerobic and combined aerobic and resistance protocol
on the biochemical glucose index and the vital indices of
systolic and diastolic blood pressure, resting heart rate,
respiration, and body temperature. The results showed
that aerobic and combined exercise significantly reduced
blood glucose levels and significantly increased heart rate
and body temperature compared with the values before the
exercise test.

Althoughadecreaseinsystolicand diastolicblood pressure
and an increase in respiratory rate were observed in both
groups, the change in these 2 indicators was not significant.
One of the hallmarks of diabetes is hyperglycemia. The
cause of hyperglycemia is impaired insulin production,
insulin function, or both.?® Exercise exerts a considerable
impact on glucose control. In terms of duration, short-term
exercise,?” 3 medium-term exercise (for 1 month, 2 months,
and 3 months),’' and long-term exercise (for 6 months
or more) are used.'"*? It is challenging to have patients
cooperate in physiotherapy clinics for long-term exercise,
and we witness the interruption of exercise programs, the
aggravation of diabetes symptoms, and the complete failure
of rehabilitation programs. Therefore, in the present study,
a single session of the protocol was considered to control

the indicators.

Walking on a treadmill is a dynamic exercise in which
muscle contraction occurs. In the aerobic group with
external loads and muscle contraction, the weights inside
the vest cause more muscle contraction, especially type
IT fibers, than in the group without a vest.”” Various
studies have assessed the effects of short-term exercise on
blood glucose index. Praet et al** examined the effects of
combined aerobic exercise on cycling and acute resistance
in patients with insulin-dependent type II diabetes. They
measured glucose at different intervals. Three hours
after the exercise test, glucose levels were lower than
before the test. However, after 24 hours, no significant
difference was observed in terms of glucose content. One
group participated in the study in the prep study, and no
comparison was made. In a study on patients with paraplegia
with a history of type II diabetes intervention, Farkas et
al** measured blood glucose immediately after exercise and
24 hours after exercise using manual ergometry at 75%
of maximal oxygen consumption. Immediately after the
exercise test, a decrease in blood glucose was observed,
which is in line with the present study. While no change
was observed 24 hours after the exercise test, the authors
stated that continued exercise was essential to increase
insulin sensitivity. Newsom et al?® investigated the effects
of a single exercise session on insulin sensitivity. After a
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moderate exercise session, insulin sensitivity was increased
compared with the control group, confirming the impact of
exercise on hypoglycemia in the present study. Increased
glucose uptake following exercise is due to decreased
insulin resistance. The increase in insulin resistance in type
II diabetes is due to the decreased expression of glucose-4
transporter protein in muscle and possibly mitochondrial
dysfunction. The transfer of the transporter protein from the
cell to the plasma membrane is the basis of glucose uptake
into skeletal muscle. This process enhances the effectiveness
of insulin. Exercise also augments mitochondrial capacity
in skeletal muscle cells, increases mitochondrial oxidase
activity, and regulates intra-mitochondrial fat, improving
mitochondrial function. Increased mitochondrial function
is associated with glucose oxidation and utilization.*
Kennedy investigated the cause of increased insulin
sensitivity. Five patients with type II diabetes and 5 healthy
individuals underwent a biopsy of the vastus lateralis
muscle after a cycling session with an intensity of 70%
to 60% of the maximum oxygen consumption in terms of
the amount of glucose 1 in the plasma membrane. After a
single exercise session in both groups, an increase in the
glucose 1 carrier was observed in the plasma membrane
of the muscle; nonetheless, a comparison between the 2
groups showed that this increase was not significant. The
results of their slow study confirm the positive effects of a
single exercise session in the present study.’

The next indicator is systolic and diastolic blood
pressure. Bailey et al*” reported that high-intensity exercise
reduced vascular function and increased blood pressure. In
a study of hypertension, Quinn et al*® observed a decrease
in systolic and diastolic blood pressure after an exercise
session of 50% to 75% of maximal oxygen consumption.
In the present study, the same positive result was obtained
after exercise. However, there was a difference in the type
of exercise protocol performed in this study according to
the standards of the American Diabetes Association.

The mechanism of hypotension after exercise can be
explained in different ways. For instance, exercise increases
the activity of the autonomic system and, consequently,
reduces vascular resistance, lowering systolic and diastolic
blood pressure. Moreover, exercise reduces insulin
resistance and, thus, lowers blood pressure. It can also
be claimed that improving the function of the vascular
endothelial layer after exercise also leads to a reduction in
blood pressure.* Furthermore, the release of vasodilators,
which improves arterial vasodilation, leads to a decrease
in blood pressure. It is also noteworthy that baroreflex
activity, with a negative self-regulatory role, lowers blood
pressure after exercise.*

The essential indicators evaluated in the current study
were respiratory rate and body temperature. Respiratory
rate is one of the vital signs providing information about
the prognosis of cardiac arrest and the diagnosis of acute
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pneumonia. Respiratory rate is also one of the best fatigue
and physical exertion markers during exercise.*

Our study participants had diabetes; accordingly, the
results cannot be generalized to other diseases. In addition,
we could not fully control the participants in terms of
nutrition.

We suggest that the effects of a single exercise session
on the mentioned indicators be examined in the days that
follow an exercise test to determine the long-term effects
of exercise. The drop in blood glucose in the current
investigation, albeit statistically significant, was not of
clinical significance. It would, therefore, be desirable to
choose a more sizable study population or redo tests an
hour after exercise.
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