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Background: Diabetes is a chronic disease that reduces cardiorespiratory fitness and increases systolic and diastolic blood
pressures as well as resting heart rate due to the activity level of the sympathetic nervous system. The aim of this study was to assess
the effectiveness of 2 types of aerobic exercise, with and without external loading, on cardiac parameters in diabetic patients.

Methods: This randomized controlled trial was carried out on 45 volunteers. These individuals were randomly divided
into aerobic, weighted vest, and control groups. The aerobic protocol comprised 24 sessions of aerobic exercise. The exercise
program for the weighted vest group was identical to that of the aerobic group, except that the subjects wore a weighted vest.
The parameters were measured before and after the 24 sessions.

Results: The mean age of the study population was 48.30 = 5.02 years in the aerobic group, 48.33 + 5.74 years in the
weighted vest group, and 48.60 = 4.79 years in the control group. Males comprised 7 (53.8%) patients in the aerobic group, 7
(58.3%) in the weighted vest group, and 8 (53.3%) in the control group. After 8 weeks, maximum oxygen consumption in the
aerobic group (mean + SD = 37.54 + 8.02 mL/kg/min, 95% CI: 5.48 to 11.60; p value < 0.001) and the weighted vest group
(mean = SD = 35.92 + 3.96 mL/kg/min, 95% CI: 4.36 to 9.64, p value < 0.001) was increased, similar to metabolic equivalent
of task in the aerobic group (mean + SD = 11.60 + 1.62 kcal/kg % h, 95% CI: 1.48 to 2.72; p value < 0.001) and the weighted
vest group (mean + SD = 11.21 = 1.11 kcal/kg % h, 95% CI: 1.23 to 2.28; p value < 0.001). Furthermore, resting heart rate
decreased significantly in the aerobic group (mean + SD = 90.23 + 8.90 bpm, 95% CI: -13.93 to -1.29; p value = 0.022) and
the weighted vest group (mean + SD = 90.58 £ 9.19 bpm, 95% CI: -0.16 to -12.33; p value = 0.045).

Conclusion: These findings suggest that 24 aerobic exercise sessions might improve cardiac parameters in type 2 diabetes.
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Introduction

Diabetes is a chronic disease spread the world over.!
Nearly, 1.6 million people are added to the diabetic patient
population yearly? and one-third of diabetics are not
recognized worldwide.> The prevalence of type 2 diabetes
in Asia, Middle East, and Iran ranges from 1.2% to 14.6%,
4.6% to 40%, and 1.3% to 14.5%, respectively. Urbanization
and lifestyle changes have contributed to the higher
incidence of diabetes recently.* It has been stated that about
70% of diabetic mortalities are caused by coronary disease
or stroke.

Higher blood pressure, higher resting heart rate, and
lower maximum heart rate are among the symptoms seen
in diabetic patients.’ Moreover, diabetics are prone to
nephropathy, retinopathy, neuropathy, and cardiovascular
problems such as low systolic and diastolic blood pressures.¢
Exercise capacity is more important in determining mortality
than other risk factors such as hypertension, dyslipidemia,
obesity, gender, and smoking.” Exercise capacity is low in
diabetics due to increased fat content, type 2 fibers, and
oxidative glycolytic enzymes. In addition, impaired synthesis
of glycogen, enzymatic changes to anaerobic formation,
reduction in capillary density,® abnormal autonomic function
with reduced cardiac output,® and effects of insulin resistance
on mitochondrial function'® might also be influential.

Different methods have been proposed for assessing
exercise capacity, among which metabolic equivalent of task
(MET) and maximum oxygen consumption (VO, max) are
used more commonly. MET is a useful index for predicting
exercise capacity.!! It has been shown that reduced exercise
capacity relative to healthy people is 20% in diabetic
patients.! It has also been reported that patients have lower
VO, max than both similar nondiabetic men and women."
Additionally, cardiorespiratory fitness indicator has been
considered a strong independent variable in mortality related
to diabetes.?

Obesity is another influential factor on type 2 diabetes.
Central obesity has a greater role than general obesity in
those patients; therefore, some anthropometric parameters
such as hip circumference, waist circumference, waist-to-
hip ratio, and waist-to-height ratio are more efficient markers
than the body mass index (BMI) in predicting metabolic
abnormalities.”® According to the International Diabetes
Federation (IDF), central obesity is an entrance criterion in
metabolic syndrome.'* Because of their shorter height and
visceral obesity, the risk of metabolic disease is high in
Asians (even with a normal BMI)."

Physical activity is the cornerstone in the treatment and
prevention of diabetes. Inactivity increases the risk of death
from heart problems.!® Exercise decreases sympathetic
activity and blood pressure by increasing glucose metabolism
and insulin sensitivity.® Regardless of the beneficial effects
of physical activity on hypertension, hypoglycemia, and
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dyslipidemia in patients with type 2 diabetes, physical
activity is the only intervention that directly leads to an
increase in cardiorespiratory fitness.® Aerobic exercise
increases skeletal muscle capillary density and maximum
oxygen consumption.!”

Most randomized control trials aimed at improving cardiac
parameters have included patients with diabetes mellitus and
cardiovascular disorders, with less emphasis being placed on
the effects of aerobic training in type 2 diabetes. In addition,
many studies have proposed long durations of exercise
such as 12 weeks (Hatunic et al.,'"® Brandenburg et al.,"”
and Larose et al.?), 6 months (Nishitani et al.?'), 9 months
(Sénéchal et al.*?), and 12 months (Vanninen et al.?).

Undoubtedly, exercise in type 2 diabetes increases
maximum oxygen consumption.® Despite several documents
confirming the effectiveness of exercise, many diabetic
patients do not tend to exercise. One possible reason is that
exercise duration is too long to be done. Thus, assuming
the impact of shorter exercise duration on cardiorespiratory
fitness, in the present study, we considered the effects of 24
sessions of 2 types of aerobic exercise, with and without
external loading, on cardiac and anthropometric parameters
in patients with type 2 diabetes mellitus. We hypothesized
that exercise with the weighted vest would improve cardiac
health and anthropometrics in subjects with type 2 diabetes
mellitus more than a simple aerobic exercise program.

Methods

The present parallel randomized control trial recruited
participants through advertisement. The study protocol
was approved by the Human Ethics Committee at Shahid
Beheshti University of Medical Sciences, Tehran, Iran. The
study was performed in accordance with the Declaration
of Helsinki. Totally, 624 diabetic patients volunteered to
participate in this study. The study population was evaluated
based on our inclusion criteria, comprised of 2 to 10 years’
history of having diabetes, age between 40 and 60 years
(males or females), HbAlc value of 6% to 10%, BMI of 20 to
30 kg/m?, inactive lifestyle (< 30 min per week of exercise),
not smoking, not drinking alcohol, not using opium, not
using insulin injections, no hypertension, and no history of
cardiovascular, muscular, skeletal, neurological, or metabolic
diseases. The exclusion criteria consisted of absence for 2
successive sessions, respiratory problems during exercise,
and inability to follow the aerobic group’s protocol. The
contemporaneous criterion for the control group (free from
intervention) was regular exercise more than 30 minutes
per week. The sample size was 12 individuals calculated
according to a study by Maiorana et al.**

Forty-five volunteers met the inclusion criteria. All the
participants filled out and signed the informed consent.
Figure 1 depicts the various stages of this study in a
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CONSORT diagram. This trial study met the criteria in the
CONSORT checklist.

The training program was done by the first author. The
aerobic protocol comprised 24 sessions (8 wk) of aerobic
exercise on a treadmill (MOTORIZED TREADMILL®,
OMEGA GT, USA) with 0 slope, 3 days per week for 30
minutes. The intensity of the training protocol was 50% to
70% maximum heart rate. Maximum heart rate was estimated
using the Bruce protocol test.

The intensity of exercise was gradually improved during
the 8 weeks. The exercise program for the weighted vest was
identical to that of the aerobic group, except that the subjects
wore a weighted vest before standing on the treadmill. The
initial inner weight of the vest was 2% of the subject’s body
weight and it was gradually increased to 5% of the subject’s
body weight.

To avoid any complications if the blood glucose level was
lower than 100 mg/dL, we administered 15 g of carbohydrate
or food supplements. Blood glucose was measured again
after 20 to 30 minutes. Heart rate was monitored throughout
the training program using a digital heart rate meter by
placing the belt around the chest and adjusting the heart
rate monitor like a wrist watch (Beurer®*PM60 digital pulse
meter, Germany).

Cardiac parameters of MET, resting heart rate, maximum
functional heart rate, and systolic and diastolic blood

pressures were measured before and after the 24 sessions.
The exercise test was started based on the standard Bruce
protocol. The time was recorded when the patient became
fatigued and could no longer continue the exercise. Total
exercise time was calculated via a specific formula for the
males and females. Each participant’s maximum oxygen
consumption (VO, max) was calculated via VO, max = 14.8
—(1.379 x T) + (0.451 x T2) — (0.012 x T3) for the men
and VO2 max = 4.38 x T— 3.9 for the women. Note that T
is “total running time” in minutes.”® The MET value at the
various stages of the exercise test was recorded automatically
moment by moment. To prevent overestimating MET, we
recorded the highest value immediately after the subject
reached volitional fatigue.

Weight was recorded on a digital scale (Omron®*HN289
digital personal scale, China), height was measured with a
stadiometer (WB-800H, Tanita,USA), BMI was calculated as
weight (kg)/height? (m), waist circumference was measured
at the midpoint between the lower margin of the last
palpable rib and the top of the iliac crest with a flexible tape
(Seca®210, China), hip circumference was measured around
the widest portion of the buttocks with the tape parallel to the
floor, and finally waist-to-height ratio and waist-to-hip ratio
were calculated as waist/height and waist/hip, respectively.'

The statistical software SPSS, version 16.0, was used
for all the statistical analyses. The statistical analyses were
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Figure 1. CONSORT diagram, showing the result of randomization and patient enrollment.
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performed based on the “per protocol” approach. To test
normality, that is, to verify if the distribution of the data
was parametric, we used the Kolmogorov—Smirnov test.
The paired t-test was applied to determine the differences
between the variables before and after the 8 weeks of
intervention in each group. ANCOVA and the Bonferroni
test were employed to compare the variables after the 8
weeks between the 3 groups. Additionally, ANCOVA was
applied to estimate the effect size (partial eta squared).The
significance level was 0.05.

Results

The study was started with 45 patients with type 2

diabetes (insulin independent), but 40 patients (15 in the
control group [8 males and 7 females], 13 in the aerobic
group [7 males and 6 females], and 12 in the weighted vest
group [7 males and 5 females]) completed the study. The
mean + SD age was 48.31 £ 5.02 years in the aerobic group,
48.33 £ 5.74 years in the weighted vest group, and 48.60
+ 4.80 years in the control group. The results exhibited
no significant differences at baseline in the BMI (p value
= 0.800), sex (p value = 0.965), age (p value = 0.986),
duration of diabetes (p value = 0.555), maximum ejection
fraction (p value = 0.227), and MET (p value = 0.382)
(Tables 1-4). The trends of the BMI and MET changes are
shown in Figure 2 and Figure 3.

After 8 weeks of training, weight, hip circumference,
waist circumference, BMI, and waist circumference/height

Table 1. Comparison of the mean difference in the anthropometric data between the 3 groups before and after 8 weeks"

Aerobic Group

Weighted Vest Group Control Group

P Post Difference P val P Difference P val P Post Difference P val
re 0s value re value re (S value
(95% CI) (95% CI) (95% CI)
. -1.64 -1.85 -0.07
Weight (kg)  13.64+75.80  13.23£74.17 <0.001 74.73£8.36 72.87+8.29 0.001 9.91£75.03 74.96+9.59 0.759
(-2.40 t0 -0.88) (-2.74 10 -0.97) (-0.52 10 0.39)
-3.92 -4.92 -0.20
HC (cm) 105.08+7.71  6.16£101.15 0.001 105.50+8.18  100.58+6.80 <0.001  7.90£106.73 106.53+7.79 0.531
(-5.79 to -2.05) (-6.76 to -3.07) (-0.86 t0 0.47)
-4.69 -6.58 0.20
WC (cm) 10.81£95.08  10.36+90.38 <0.001 95.33£7.56 88.75+8.11 <0.001 16.96+99.87  17.34+100.07 0.486
(-6.82 t0 -2.56) (-8.88 t0 -4.27) (-0.39 10 0.79)
BMI -0.58 -0.66 -0.01
3.65427.40  3.5826.81+ 0.001 26.65+2.30  25.99+2.26 0.001 2.42426.93 2.37426.92 0.849
(kg/m?) (-0.85 t0 -0.31) (-0.99 t0 -0.33) (-0.17 t0 0.14)
WC/HC -0.01 -0.02 0.003
0.06+0.90 0.06+0.89 0.125 0.90+0.07 0.88+0.06 0.105 0.18+0.94 0.18+0.94 0.173
(cm) (-0.02 t0 0.003) (-0.05 t0 0.01) (-0.001 0 0.01)
-0.03 -0.04 0.001
WC/H (cm) 0.06=0.57 0.05+0.54 <0.001 0.57+0.44 0.53+0.41 <0.001 0.09+0.60 0.10+0.60 0.450

(-0.04 t0 -0.01)

(-0.05 t0 -0.02)

(-0.002 t0 0.01)

“Data are presented as mean+SD.
HC, Hip circumference; WC, Waist circumference; BMI, Body mass index; WC/HC, Waist circumference/hip circumference; WC/H, Waist

circumference/height

Table 2. Comparison of the mean difference in the anthropometric data between the 3 groups after 8 weeks

Acrobic vs. Weighted Vest

Aerobic vs. Control

Weighted Vest vs. Control

Mean Difference

Mean Difference

Mean Difference

A P value™ ; P value™ ; P value™ Partial eta squared
(95% CI) vau (95% CI) va (95% CI) vau 4

Weight (kg) 0.25 1.000 -1.55 0.002 -1.80 0.001 0.372
(-0.87 to 1.38) (-2.61 to -0.49) (-2.88 10 -0.71)

HC (cm) 0.93 0.881 -3.99 <0.001 -4.91 <0.001 0.526
(-1.26 t0 3.11) (-6.06 to -1.91) (-7.03 to -2.80)

WC (cm) 1.89 0.349 -4.95 <0.001 -6.84 <0.001 0.519
(-1.06 to 4.83) (-7.78 t0 -2.12) (-9.72 to -3.96)

BMI (kg/m?) 0.11 <0.999 -0.55 0.004 -0.66 0.001 0360
(-0.31 10 0.53) (-0.95 t0 -0.16) (-1.07 to -0.25)

WC/HC (cm) 0.01 <0.999 -0.02 0.501 -0.03 0.068 0.139
(-0.02 to0 0.04) (-0.04 10 0.01) (-0.06 t0 0.001)

WC/H (cm) 0.01 0.362 -0.03 <0.001 -0.04 <0.001 0.515
(-0.01 to 0.03) (-0.05 t0 -0.01) (-0.06 to -0.02)

“Mean difference (95% CI): post intervention minus pre intervention (lower bound, upper bound)
“Resulted from analysis of covariance (ANCOVA)
HC, Hip circumference; WC, Waist circumference; BMI, Body mass index; WC/HC, Waist circumference/ hip circumference; WC/H, Waist circumference/height
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Aerobic Group

Weighted Vest Group

Control Group

Difference Difference Difference
Pre Post P value Pre Post P value Pre Post P value
(95% CI) (95% CI) (95% CI)
VO, max 7.67£29.00  8.02+37.54 8.54 <0.001 3.96+28.92 39.23+£3.90 7.00 <0.001 3.44426.60 5.57+27.93 1.33 0.290
(mL/kg/min) (5.48 to 11.60) (4.36 10 9.64) (-1.27 t0 3.94)
MET (kcal/  9.50£1.68  11.60+1.62 2.10 <0.001  9.45£1.30 11.21£1.11 1.76 <0.001 8.84+1.17 8.97+1.28 0.13 0.647
kg/ hour ) (1.48 t0 2.72) (1.23 t0 2.28) (-0.47 t0 0.74)
Max heart 12.89+64.69  9.69+169.54 4.85 0.155 12.45£158.75  164.25+15.15 5.50 0.107  15.07£154.13  14.67+155.47 133 0.557
rate (-2.12to 11.81) (-1.38 to 12.39) (-3.42 t0 6.08)
(bpm)
Resting heart 97.85+12.35  8.90+90.23 -7.61 0.022 8.72+96.83 90.58+9.19 -6.25 0.045 14.26+94.00 6.35+92.93 -1.06 0.720
rate (-13.93 t0 -1.29) (-0.16 to -12.33) (-7.31t05.18)
(bpm)
SBP 8.62£119.23  9.54+120.77 1.54 0.584  7.38£120.00  120.83+10.84 0.83 0754 7.84+120.00  7.56+120.00 -0.71 0.807
(mmHg) (-4.42 t0 7.50) (-4.88 t0 6.55) (-6.90 to 5.47)
DBP 5.55+78.46  10.13£77.69 0.77 0776 5.77+7833  78.33%5.77 0.00 <0999  5.56£7820  7.23+78.00 0.00 <0.999
(mmHg) (-6.53 t0 4.99) (-2.70 t0 2.70) (-4.53 t0 4.53)
“Data are presented as mean+SD.
SBP, Systolic blood pressure; DBP, Diastolic blood pressure; MET, Metabolic equivalent of task
Table 4. Comparison of the mean difference in the cardiac parameters between the 3 groups after 8 weeks
Aerobic vs. Weighted Vest Aerobic vs. Control "Weighted Vest vs. Control
Mean Difference ™ Mean Difference ™ Mean Difference 1™ Partial eta
(95% CI)’ Pralue (95% CI)’ Pvalue (95% CI)’ Pralue squared
VO, max (mL/kg/min) 1.56 7.72 6.16
>0.999 <0.001 <0.001 0.371
(-3.06 t0 6.18) (3.26 t0 12.18) (1.62 t0 10.71)
MET (kcal/kg/ hour ) 0.36 2.15 1.80
>0.999 <0.001 <0.001 0.531
(-0.59 to 1.30) (1.24 t0 3.06) (0.87t0 2.72)
Max heart rate (bpm) 1.13 6.68 5.55
>0.999 0.268 0.441 0.091
(-8.64 to 10.90) (-2.92 to 16.29) (-3.85 to 14.96)
Resting heart rate (bpm) -0.71 -4.05 -3.34
>0.999 0.420 0.687 0.068
(-7.76 t0 6.35) (-10.78 to 2.69) (-10.19 to 3.51)
SBP (mmHg) 0.24 1.79 1.55
>0.999 <0.999 <0.999 0.009
(-8.64 10 9.12) (-6.75 t0 10.33) (-7.17 to 10.26)
DBP (mmHg) -0.70 -0.45 0.25
>0.999 <0.999 <0.999 0.002
(-7.86 t0 6.45) (-7.34 t0 6.44) (-6.79 t0 7.29)
“Mean difference (95% CI): post intervention minus pre intervention (lower bound, upper bound)
“Resulted from analysis of covariance (ANCOVA)
SBP, Systolic blood pressure; DBP, Diastolic blood pressure; MET, Metabolic equivalent of task
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Figure 2. Body mass index (BMI) changes before and after intervention in the aerobic, weighted vest, and control groups
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Figure 3. Metabolic equivalent of task (MET) changes before and after intervention in the acrobic, weighted vest, and control groups

were significantly different between the 2 training groups:
aerobic with and without the weighted vest (Table 1). There
was a significant difference in waist circumference / hip
circumference in the weighted vest group by comparison
with baseline.

After 8 weeks, VO, max in the aerobic group (mean + SD
= 37.54 £ 8.02 kcal/kgxh 95%CI: 5.48 to 11.60; p value <
0.001) and the weighted vest group (mean + SD = 35.92 +
3.96 kcal/kgxh, 95%CI: 4.36 to 9.64; p value < 0.001) in
addition to MET in the aerobic group (mean + SD = 11.60
+ 1.62, 95% CI: 1.48 to 2.72; p value < 0.001) and in the
weighted vest group (mean = SD = 11.21 £ 1.11, 95% CI:
1.23 to 2.28; p value < 0.001) were significantly different
between the 2 training groups and the control group. Further,
the resting heart rate was significantly different between the
aerobic group (mean £ SD =90.23 £ 8.90, 95% CI: -13.93 to
-1.29; p value = 0.022) and the weighted vest group (mean
+ SD = 90.58 = 9.19, 95% CI: -0.16 to -12.33; p value =
0.045).

Two patients were excluded because of acute knee pain
and acute back spasm after 12 and 11 sessions, respectively.
The reason for acute pain was walking on the treadmill
during the intervention program. One patient fainted because
of hypoglycemia and the program was stopped just for 1
session. No other harm effects happened during the course
of this intervention.

Discussion

In the present study, the effects of 24 sessions of aerobic
exercise on cardiac and anthropometric parameters were
assessed in diabetic patients. Our findings revealed positive
effects of 8 weeks of aerobic training on resting heart rate,
aerobic capacity, and anthropometric parameters compared
to baseline in these 2 exercise groups.

48

Systolic and diastolic blood pressures are considered
important cardiovascular parameters in diabetic patients. In
our study, systolic and diastolic pressures in the 2 training
groups were unchanged, which is consistent with a study by
Fritz et al.?® The reason for the absence of change in blood
pressure in our study despite 24 sessions of aerobic exercise
could be attributed to normal blood pressure values. The
change percent of systolic and diastolic blood pressures
was negligible. Nonetheless, in the study by Fritz et al.,*
insufficient exercise intensity was the reason behind the
unchanged blood pressure. Yan et al. reported that 12 weeks
of training with low-intensity (50% VO, max) and high
intensity (75% VO, max) reduced blood pressure. We found
no changes in blood pressure because the level of blood
pressure in all our patients was within the normal range.
Training type, exercise duration, and participants encompass
some differences between these studies.

Aerobic training reduces resting heart rate through
increasing the activity of the parasympathetic nervous
system and decreasing intrinsic heart rate.’” Liu et al.?®
and Fahlman et al.® respectively reported that resting
heart rates declined after 12 and 10 weeks of aerobic and
resistance exercise in patients with type 2 diabetes and heart
rate recovery problems. A study reported that 12 weeks of
resistance training and yoga/stretching in overweight women
did not change resting heart rate because a 3-month exercise
duration was too short to cause a change and, therefore,
long-term exercise is essential.** Conversely, Castaneda et
al.3! documented no difference in resting heart rate after
training in their study population. This difference may,
however, be attributed to resistance exercise which the
authors implemented. Elsewhere, Braz et al.*? reported that
3 weeks of walking with intensity of 55% to 65% of heart
rate reserve and for 30 to 55 minutes did not change resting
heart rate in patients with hypertension patients. Thus, it
seems that more than 3 weeks is required to reduce resting
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heart rate. A previous study showed that 4 weeks of training
changed resting heart rate in stage-1 hypertensive patients.*
In another investigation, high-intensity interval training
decreased resting heart rate after 12 weeks in women with
insulin resistance.** Type of exercise, duration, intensity,
and target groups may have resulted in these controversial
results.

In the current study, after 24 sessions, there was a 7%
decline in resting heart rate in the aerobic group, 6% in
the weighted vest group, and 0.1% in the control group.
Nevertheless, resting heart rate in the 2 aerobic groups was
not significantly different from that in the control group.

Different resting heart rate ranges have been known to
correlate with different mortality risk factors. Resting heart
rates between 51 and 80 bpm have been associated with a
40% to 50% risk increase, while resting heart rates between
81 and 90 bpm cause a twofold risk increase and this could
rise to threefold when resting heart rates exceed 90 bpm
relative to the lowest heart rate category (< 50 bpm). In
the current study, the patients had resting heart rates higher
than 90 bpm; as a result, the decrease in resting heart rate in
the aerobic and weighted vest groups was associated with
reduced risk.*

One of the most valuable criteria for the evaluation
of cardiac function is maximum functional heart rate. A
percentage of this parameter is used to prescribe exercise
intensity. Obtaining maximum heart rate is not the aim in many
studies. Age is of the greatest importance in that it influences
maximum heart rate. Therefore, the 220-x formula (x = age),
which is an estimation method, is used. Sex and exercise
activity are reported to exert less effect on maximum heart
rate.* The aim of our training protocol was not to fasten heart
rate but to enhance the autonomic nervous system activity,
with a view to augmenting maximum functional heart rate
after 24 sessions of training. Cardiac adaptation to training
confers better sympathetic and parasympathetic activity and
faster return to normal cardiovascular adaptation.’” Maximum
functional heart rate is lower in diabetic patients than in
healthy subjects.’® Increasing maximum functional heart
rate is followed by reduced morbidity."" There are different
mechanisms involved. Synchronization of the autonomic
nervous system (parasympathetic and sympathetic) increases
resting heart rate to maximal exercise. Furthermore, reduced
parasympathetic nervous activity (vagal withdrawal)
enhances heart rate during exercise and then, sympathetic
nervous activity starts to increase heart rate above 100 bpm.*

In the present study, we calculated maximum functional
heart rate based on the Bruce protocol. We also conducted
stress test to assess physical capacity and carried out different
field tests to evaluate functionality. After 24 sessions, the
improvement rates in maximum functional heart rate in
the aerobic group, weighted vest group, and control group
were 0.03%, 0.03%, and 0.01%, respectively. Nevertheless,
maximum functional heart rate in the 2 aerobic groups was

not significantly higher than that in the control group. Kim
et al.!! reported an increasing trend of maximum heart rate in
diabetic and nondiabetic patients with myocardial infarction
after 8 weeks of cardiac rehabilitation. Elsewhere, another
investigation indicated that the increase of this parameter
was obvious in long-standing type 2 diabetes after 12 weeks
of resistance training.*’

Exercise improves aerobic capacity and reduces
cardiovascular risk by increasing insulin sensitivity,
enhancing glycemic control,** augmenting cardiac output,
increasing adaptation enzymes and mitochondrial mass,
increasing mitochondrial enzyme content changes,*’ and
enhancing endothelial function.*? It has been documented that
MET has a strong positive relationship with cardiorespiratory
fitness.** In the current study, increased MET and VO, max
rates of 23% and 19% in the aerobic group and 32% and
25% in the weighted vest group were the consequence of
24 exercise sessions. This is while the control group’s MET
and VO, max increased just by 2% and 5%, which could
be attributed to the familiarity of those participants with the
exercise test protocol. Given that low fitness is an efficient
indicator of mortality from heart disease, a 1-unit rise in
MET is associated with 13% mortality reduction.” Thus, it
can be concluded that the increase of 2 METs in the aerobic
and weighted vest groups may reduce their mortality rates.
Increasing exercise capacity in our study is congruent with
previous investigations./2 Intervention duration, to increase
aerobic capacity, was different among other investigations
ranging from 3 months,> 1% 6 months,? and 9 months**to 12
months.? Of course, it is probable that positive results would
be obtained by a longer duration of exercise, but the aim
of the current study was to show improvement in exercise
capacity in shorter time periods with a view to obtaining
positive results more quickly. Asa et al.** and Schreuder
et al.¥ utilized 8 weeks of training to increase aerobic
capacity. However, the participants in the former study were
trained under special situations of increase and decrease
in oxygen, whereas the authors of the latter study utilized
hydrotherapy. Determining the amount of oxygen is possible
only at a laboratorial environment and using hydrotherapy
is not possible for some individuals. We performed the
present study using the treadmill so that the results could
be extrapolated to fast walking. Fritz et al.?® reported that
4 months of exercise exerted no effect on aerobic capacity.
The fact that the authors failed to determine the intensity of
walking may have been the reason behind the absence of any
change in this parameter.

The good rate of changes in our study population’s
anthropometric parameters is the consequence of the 8-week
intervention. In the current study, the participants’ body
weight, BMI, pelvic circumference, waist circumference,
and waist / height ratio were reduced by 2.14%, 2.11%,
3.62%, 4.88%, and 4.88% in the aerobic group and 2.48%,
2.49%, 4.56%, 6.92%, and 6.92% in the weighted vest group
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after the 24 training sessions respectively compared to slight
changes in the control group. Only waist circumference/
hip circumference parameter change percent ratio was
low (-1.29%, -2.42%, and 0.35% in the aerobic, weighted
vest, and control groups, correspondingly). Contrary to
our findings with respect to changes in anthropometric
variables, Hatunic et al."® documented that waist-to-hip ratio,
weight, and BMI were unchanged after 3 months of aerobic
exercise among their study subjects. Likewise, Donovan
et al.* reported no significant changes in weight and waist
circumference after 24 sessions. It appears that individual
differences in terms of height, weight, and BMI led to such
differences. Contrarily, reduced waist circumference and no
change in BMI were reported after cardiac rehabilitation by
Nishitani et al.!

The results of the current study are generalizable to
inactive lifestyle males or females only with a 2- to 10-year
history of type 2 diabetes (40—-60 years old). This study does
not guarantee improvement in cardiac parameters in any
type of diabetes with cardiovascular, muscular, skeletal,
neurological, and other disorders. Anticipating improvement
in the cardiovascular system in diabetics with HbA 1c values
greater than 10% or less than 6% is questionable.

One of the main limitations of the present study was fatigue
in the study participants due to long periods of assessment
(pre-evaluation endocrinology visits, cardiology visits,
echocardiography, and exercise testing) and intervention (24
sessions).

Many previous studies used simple aerobic or resistance
exercises, but the novel aspect of the current study was that 1
group of aerobic exercise was specified with weighted vests.

We recommend that higher intensity exercises and
fewer sessions be used in future studies. What such future
investigations should also take into consideration is the
measurement of the time of the stress test.

Conclusion

The present study showed that 24 sessions of aerobic
exercise with and without weighted vests caused changes
in cardiac parameters among diabetic patients, while there
was no change in the parameters among the control group or
warning signs for sedentary patients. The weighted vest did
not have any significant effect on cardiac and anthropometric
parameters in the aerobic exercise group except waist
circumference/hip circumference. Thus, higher intensive
exercise regimes could be taken into account to maintain a
healthy cardiovascular function and reduce complications
and mortality.

This study was supported by Shahid Beheshti Medical
University. We would like to dedicate special thanks to Dr.
Jamshid Sarnevesht for performing echocardiography to
confirm the patients” health and also all other individuals who
participated in this research. This research was registered as
a clinical trial study in the Iranian Registry of Clinical Trials
(Registration ID in IRCT: IRCT2016121831443N1).

References

1. Byrkjeland R, Njerve U, Anderssen S, Arnesen H, Seljeflot I, Sol-
heim S. Effects of exercise training on HbAlc and VO2peak in
patients with type 2 diabetes and coronary artery disease: a ran-
domised clinical trial. Diab Vasc Dis Res 2015;12:325-333.

2. Huffman FG, Whisner S, Zarini GG, Nath S. Waist circumference
and BMI in relation to serum high sensitivity C-reactive protein
(hs-CRP) in Cuban Americans with and without type 2 diabetes.
Int J Environ Res Public Health 2010;7:842-852.

3. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reac-
tive protein, interleukin 6, and risk of developing type 2 diabetes
mellitus. JAMA 2001;286:327-334.

4. Azimi-Nezhad M, Ghayour-Mobarhan M, Parizadeh MR, Safarian
M, Esmaeili H, Parizadeh SM, Khodaee G, Hosseini J, Abasalti Z,
Hassankhani B, Ferns G. Prevalence of type 2 diabetes mellitus
in Iran and its relationship with gender, urbanisation, education,
marital status and occupation. Singapore Med J 2008;49:571-576.

5. SydoN, Sydé6 T, Merkely B, Carta KG, Murphy JG, Lopez-Jimenez
F, Allison TG. Impaired heart rate response to exercise in diabetes
and its long-term significance. Mayo Clin Proc 2016;91:157-165.

6.  Yan H, Prista A, Ranadive SM, Damasceno A, Caupers P, Kanaley
JA, Fernhall B. Effect of aerobic training on glucose control and
blood pressure in T2DDM east african males. ISRN Endocrinol
2014;2014:864897.

7. Hung RK, Al-Mallah MH, McEvoy JW, Whelton SP, Blumenthal
RS, Nasir K, Schairer JR, Brawner C, Alam M, Keteyian SJ, Blaha
MJ. Prognostic value of exercise capacity in patients with coro-
nary artery disease: the FIT (Henry Ford Exerclse Testing) project.
Mayo Clin Proc 2014;89:1644-1654.

8. Boulé NG, Kenny GP, Haddad E, Wells GA, Sigal RJ. Meta-analy-
sis of the effect of structured exercise training on cardiorespiratory
fitness in Type 2 diabetes mellitus. Diabetologia 2003;46:1071-
1081.

9.  Fang ZY, Sharman J, Prins JB, Marwick TH. Determinants of
exercise capacity in patients with type 2 diabetes. Diabetes Care
2005;28:1643-1648.

10. van de Weijer T, Sparks LM, Phielix E, Meex RC, van Herpen NA,
Hesselink MK, Schrauwen P, Schrauwen-Hinderling VB. Rela-
tionships between mitochondrial function and metabolic flexibility
in type 2 diabetes mellitus. PLoS One 2013;8:e51648.

11. Kim HJ, Joo MC, Noh SE, Kim JH. Long-term outcomes of car-
diac rehabilitation in diabetic and non-diabetic patients with myo-
cardial infarction. Ann Rehabil Med 2015;39:853-862.

12.  Regensteiner JG, Bauer TA, Huebschmann AG, Herlache L, Wein-
berger HD, Wolfel EE, Reusch JE. Sex differences in the effects
of type 2 diabetes on exercise performance. Med Sci Sports Exerc
2015;47:58-65.

13. Hartwig S, Kluttig A, Tiller D, Fricke J, Miiller G, Schipf S, Vol-
zke H, Schunk M, Meisinger C, Schienkiewitz A, Heidemann C,
Moebus S, Pechlivanis S, Werdan K, Kuss O, Tamayo T, Haert-
ing J, Greiser KH. Anthropometric markers and their association
with incident type 2 diabetes mellitus: which marker is best for
prediction? Pooled analysis of four German population-based co-
hort studies and comparison with a nationwide cohort study. BMJ

Acknowledgments Open 2016:6:009266.
14. Dragsbzk K, Neergaard JS, Laursen JM, Hansen HB, Christiansen
50
J Teh Univ Heart Ctr 13 (2) April, 2018 http://jthc.tums.ac.ir



Are Twenty-Four Sessions of Aerobic Exercise Sufficient for Improving Cardiac ...

TEHRAN HEART CENTER cnm—

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

C, Beck-Nielsen H, Karsdal MA, Brix S, Henriksen K. Metabolic
syndrome and subsequent risk of type 2 diabetes and cardiovascu-
lar disease in elderly women: challenging the current definition.
Medicine (Baltimore) 2016;95:¢4806.

Park YS, Kim JS. Association between waist-to-height ratio and
metabolic risk factors in Korean adults with normal body mass in-
dex and waist circumference. Tohoku J Exp Med 2012;228:1-8.
Kadoglou NP, Iliadis F, Angelopoulou N, Perrea D, Ampatzidis G,
Liapis CD, Alevizos M. The anti-inflammatory effects of exercise
training in patients with type 2 diabetes mellitus. Eur J Cardiovasc
Prev Rehabil 2007;14:837-843.

Maiorana A, O’Driscoll G, Goodman C, Taylor R, Green D.
Combined aerobic and resistance exercise improves glycemic
control and fitness in type 2 diabetes. Diabetes Res Clin Pract
2002;56:115-123.

Hatunic M, Finucane F, Burns N, Gasparro D, Nolan JJ. Vascular
inflammatory markers in early-onset obese and type 2 diabetes sub-
jects before and after three months’ aerobic exercise training. Diab
Vasc Dis Res 2007;4:231-234.

Brandenburg SL, Reusch JE, Bauer TA, Jeffers BW, Hiatt WR,
Regensteiner JG. Effects of exercise training on oxygen uptake
kinetic responses in women with type 2 diabetes. Diabetes Care
1999;22:1640-1646.

Larose J, Sigal RJ, Khandwala F, Prud’homme D, Boulé NG, Ken-
ny GP; Diabetes Aerobic and Resistance Exercise (DARE) trial in-
vestigators. Associations between physical fitness and HbAI(c) in
type 2 diabetes mellitus. Diabetologia 2011;54:93-102.

Nishitani M, Shimada K, Masaki M, Sunayama S, Kume A, Fukao
K, Sai E, Onishi T, Shioya M, Sato H, Yamamoto T, Amano A,
Daida H. Effect of cardiac rehabilitation on muscle mass, muscle
strength, and exercise tolerance in diabetic patients after coronary
artery bypass grafting. J Cardiol 2013;61:216-221.

Sénéchal M, Swift DL, Johannsen NM, Blair SN, Earnest CP, La-
vie CJ, Church TS. Changes in body fat distribution and fitness
are associated with changes in hemoglobin Alc after 9 months of
exercise training: results from the HART-D study. Diabetes Care
2013;36:2843-2849.

Vanninen E, Uusitupa M, Siitonen O, Laitinen J, Lénsimies E.
Habitual physical activity, aerobic capacity and metabolic control
in patients with newly-diagnosed type 2 (non-insulin-dependent)
diabetes mellitus: effect of 1-year diet and exercise intervention.
Diabetologia 1992;35:340-346.

Maiorana AJ, Naylor LH, Exterkate A, Swart A, Thijssen DH, Lam
K, O’Driscoll G, Green DJ. The impact of exercise training on con-
duit artery wall thickness and remodeling in chronic heart failure
patients. Hypertension 2011;57:56-62.

Chifamba J, Mapfumo C, Mawoneke DW, Gwaunza LT, Allen LA,
Chinyanga HM. Exercise-induced cardiac fatigue in low and nor-
mal birth weight young black adults. Cardiol Young 2015;25:481-
484.

Fritz T, Wandell P, Aberg H, Engfeldt P. Walking for exercise--does
three times per week influence risk factors in type 2 diabetes? Dia-
betes Res Clin Pract 2006;71:21-27.

Bahrainy S, Levy WC, Busey JM, Caldwell JH, Stratton JR. Exer-
cise training bradycardia is largely explained by reduced intrinsic
heart rate. Int J Cardiol 2016;222:213-216.

LiuY, Liu SX, Zheng F, Cai Y, Xie KL, Zhang WL. Cardiovascular
autonomic neuropathy in patients with type 2 diabetes. J Diabetes
Investig 2016;7:615-621.

Fahlman MM, Boardley D, Lambert CP, Flynn MG. Effects of
endurance training and resistance training on plasma lipopro-
tein profiles in elderly women. J Gerontol A Biol Sci Med Sci
2002;57:B54-60.

Ruby M, Repka CP, Arciero PJ. Comparison of protein-pacing
alone or with yoga/stretching and resistance training on glycemia,
total and regional body composition, and aerobic fitness in over-
weight women. J Phys Act Health 2016;13:754-764.

Castaneda C, Layne JE, Munoz-Orians L, Gordon PL, Walsmith
J, Foldvari M, Roubenoff R, Tucker KL, Nelson ME. A random-

32.

33.

Y¥.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

ized controlled trial of resistance exercise training to improve gly-
cemic control in older adults with type 2 diabetes. Diabetes Care
2002;25:2335-2341.

Braz NF, Carneiro MV, Oliveira-Ferreira F, Arrieiro AN, Amorim
FT, Lima MM, Avelar NC, Lacerda AC, Peixoto MF. Influence of
aerobic training on cardiovascular and metabolic parameters in el-
derly hypertensive women. Int J Prev Med 2012;3:652-659.
Collier SR, Kanaley JA, Carhart R, Jr, Frechette V, Tobin MM,
Hall AK, Luckenbaugh AN, Fernhall B. Effect of 4 weeks of aero-
bic or resistance exercise training on arterial stiffness, blood flow
and blood pressure in pre- and stage-1 hypertensives. J] Hum Hy-
pertens 2008;22:678-686.

Alvarez C, Ramirez-Campillo R, Ramirez-Vélez R, Izquierdo
M. Effects and prevalence of nonresponders after 'Y weeks
of high-intensity interval or resistance training in women with
insulin resistance: a randomized trial. J Appl Physiol (()3A&
Y+1V;122:985-996.

Jensen MT, Suadicani P, Hein HO, Gyntelberg F. Elevated rest-
ing heart rate, physical fitness and all-cause mortality: a 16-year
follow-up in the Copenhagen Male Study. Heart 2013;99:882-887.
Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart
rate revisited. J Am Coll Cardiol 2001;37:153-156.

Park BS, Khamoui AV, Brown LE, Kim DY, Han KA, Min KW, An
GH. Effects of elastic band resistance training on glucose control,
body composition, and physical function in women with short- vs.
long-duration type-2 diabetes. J Strength Cond Res 2016;30:1688-
1699.

Pinto TE, Gusso S, Hofman PL, Derraik JG, Hornung TS, Cut-
field WS, Baldi JC. Systolic and diastolic abnormalities reduce the
cardiac response to exercise in adolescents with type 2 diabetes.
Diabetes Care 2014;37:1439-1446.

White DW, Raven PB. Autonomic neural control of heart rate dur-
ing dynamic exercise: revisited. J Physiol 2014;592:2491-500.
Lukacs A, Mayer K, Torok A, Kiss-Toth E, Barkai L. Better car-
diorespiratory fitness associated with favourable metabolic control
and health-related quality of life in youths with type 1 diabetes
mellitus. Acta Physiol Hung 2013;100:77-83.

Sloth M, Sloth D, Overgaard K, Dalgas U. Effects of sprint in-
terval training on VO2max and aerobic exercise performance:
a systematic review and meta-analysis. Scand J Med Sci Sports
2013;23:¢341-352.

Asa C, Maria S, Katharina SS, Bert A. Aquatic exercise is effective
in improving exercise performance in patients with heart failure
and type 2 diabetes mellitus. Evid Based Complement Alternat
Med 2012;2012:349209.

Schreuder TH, Nyakayiru J, Houben J, Thijssen DH, Hopman MT.
Impact of hypoxic versus normoxic training on physical fitness and
vasculature in diabetes. High Alt Med Biol 2014;15:349-355.
O'Donovan G, Owen A, Bird SR, Kearney EM, Nevill AM, Jones
DW, Woolf-May K. Changes in cardiorespiratory fitness and coro-
nary heart disease risk factors following 24 wk of moderate- or
high-intensity exercise of equal energy cost. J Appl Physiol (1985)
2005;98:1619-1625.

J Teh Univ Heart Ctr 13 (2)

April, 2018

The Journal of Tehran University Heart Center 51

http://jthc.tums.ac.ir



