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abstract
Background:

Obesity and decreased physical activity are the most important factors in the development of type 2

Material and methods:

T
 wenty-two patients with type 2 diabetes (60.99 ±2.93 years) volunteered to participate in this study. They
were divided randomly into two groups: training (n = 11) and control (n = 11). Participants in the training
group performed a progressive CRT program for ten weeks. In addition, anthropometry variables, muscular
strength and endurance were evaluated before and after ten weeks’ CRT. Also, 10 ml of the blood sample
was taken from participants to measure fasting serum glucose, fasting serum insulin and insulin resistance.

Results:

After ten weeks of CRT, the body composition and glucose dropped significantly (P < 0.05) in the training

Conclusions:

CRT led to a signiﬁcant improvement in insulin resistance, fasting serum glucose, BMI, endurance and

Key words:

diabetes, which in recent decades has led to an increase in the number of people with this disease. The
aim of this study was to investigate the impact of circuit resistance training (CRT) on serum glucose,
insulin resistance and health related physical fitness in elderly men with type 2 diabetes.

group. Also, muscular endurance, upper and lower body strength in the post-test were significantly
higher than the pre-test in the training group (P < 0.05)
strength of elderly men with type 2 diabetes. Therefore, this type of resistance training can be useful for
improvement in physical and physiological variables of elderly men with type 2 diabetes.
circuit resistance training, diabetes, insulin resistance, physical fitness, elderly.
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introduction 

Over the past few decades, the aging population has increased with the advent
of technology, machine life, improvement in public and individual health and
rising life expectancy. In Iran, according to the 2006 census, about 7.2% of the
population (5,119,000) was made up of elderly, which is expected to increase
to about 14% by 2026. An increase in the aging population is likely to suggest
ways to improve the quality of life of the elderly. By increasing age, population
and longevity, the risks associated with aging, including diabetes increase
[1]. Diabetes is a common metabolic disorder in the world that is associated
with increased blood sugar, insufficient secretion or insulin dysfunction, and
chronic complications of diabetes are directly related to high blood glucose
levels. Approximately, 80% of people with type 2 diabetes are obese [2];
therefore, obesity can be considered as a primary cause of type 2 diabetes
and also insulin resistance. In fact, obesity and decreased physical activity are
the most important factors in the development of type 2 diabetes, which, in
recent decades, has led to an increase in the number of people with this type
of disease. Moreover, fat disorder is one of the common abnormalities in type
2 diabetes, which itself causes and exacerbates the short-term and long-term
complications. A significant proportion of diabetic patients are suffering from
lipid disorders, which can cause cardiovascular disease [3]. On the other hand,
as the age increases, the strength and endurance of the people is reduced;
reducing strength and endurance, especially in the lower body, can put an
elderly person at risk of falling and causing damage [4]. Therefore, having
proper strength and endurance in these patients can be a special point for them.
It will facilitate many of their daily activities and help them do all their daily
activities [5]. Exercise and proper nutrition have been suggested as the basis
for the treatment of diabetes. In addition, several studies have shown clinical
benefits of exercise such as improved insulin sensitivity, decreased hemoglobin
glycosylated (HBA1c) and increased maximal oxygen consumption (VO2 max) [6–
9]. Despite studies, insulin sensitivity and glycemic and lipid profiles responses
to resistance training (RT) are ambiguous [10]; since the use of various drugs is
always accompanied by side effects. Today world’s health system is working to
prevent and treat diseases without using drugs; it seems that participating in a
regular exercise program can make a major contribution to reducing diabetes
complications and improving the quality of life [11, 12].
The American College of Sports Medicine (ACSM) has recommended that the
use of RT can be beneficial as part of a good exercise program for people with
type 2 diabetes. Accordingly, RT is defined as a type of exercise that can prevent
progressive loss of strength and muscle mass [13]. On the other hand, because
of the limited research on the role of RT in elderly people with type 2 diabetes,
the Diabetes Association suggests that an RT program for young people with
diabetes can be helpful and cannot be judged with certainty for the elderly [14].
However, it has been shown that the major causes of weakness, disability,
and loss of autonomy in the elderly are loss of muscle mass and strength
progressively with aging, which puts the elderly at risk of functional impairment
[15]. Sport interventions that improve musculoskeletal function in the elderly
are an effective strategy to increase autonomy in performance and reduce the
incidence of many age-related diseases, such as type 2 diabetes [13]. It seems
that less attention has been paid to the effects of RT than aerobic exercises on
the elderly with type 2 diabetes, and also there is little attention to the longterm effects of RT in this area.
www.balticsportscience.com
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It has been shown that RT for inactive and elderly people with less muscular
strength can be effective in modifying sets in terms of intensity and volume than
their active counterparts [16]. Independence in daily activities can be the most
important asset of an elderly person, since doing many personal and daily tasks
for many elderly people is not possible without the help of other people. Considering the various benefits of physical activity, the present study attempted to
investigate the impact of circuit resistance training (CRT) on glucose, insulin
resistance and health related physical fitness in elderly men with type 2 diabetes.

material and methods 

In this study, a total of 22 patients with type 2 diabetes (age: 60.99 ±2.93 years,
weight: 87.07±5.74 kg, height: 172.74 ±5.96 cm) participated voluntarily. The
participants included inactive and obese men with type 2 diabetes. They were
divided randomly into two groups: training and control groups (each group
n = 11) (Figure 1).

Fig. 1. Experimental design. T= training, C= control, CRT= circuit resistance training, BMI= body mass index

The subjects were purposefully available according to the criteria for entering
this research. At the coordination meeting, the goals and stages of the research
were stated and the written consent form was obtained from the subjects. The
exclusion criteria included no attendance in exercise session, the occurrence
of acute illness during the study, participating in other exercise except the
current research protocol. The main criteria for selecting and participating
subjects in the present study was: non-development of cardiovascular, skeletal,
and metabolic diseases, no diabetic complications (neuropathy, nephropathy,
retinopathy), not taking part in regular exercise more than one session in a week
during the past 6 months, no smoking, having more than 5 years of diabetes
history and not taking more than one type of oral anti-diabetic tablet 24 hours a
day (all subjects were taking metformin in the same amount). During the course
of this study and training, there was no change in the drugs used for controlling
www.balticsportscience.com
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blood glucose; also, general and usual drug treatment of type 2 diabetes was
performed by an expert physician [17].
The study was approved by the university ethics committee and conducted
according to the Declaration of Helsinki.

t raining protocol 

Participants followed a progressive CRT program twice a week for 10 weeks
using the following six movements: leg press, chest press, shoulder press, leg
curl, front lat pulldown and triceps extension. Training was performed in 2 sets
of 10 repetitions with the individual lifting weight; between the sets, participants
had to rest for at least 3 minutes and total training duration was 60 minutes. The
CRT program included 10 minutes of warm-up, 45 minutes of main exercises,
and finally 5 minutes of cool down. In order to make participants familiar with
the training program, a detailed introduction at each gym machine was made
by qualified fitness trainers, as well as to control the attendance of subjects,
2 training sets had been prepared before the training program began [18].
Each subject warmed up for 10 minutes by doing gentle stretching exercises
of the upper and lower body. All RT were recorded and the load incrementally
increased (maintained between 50 and 65% of calculated 1RM) as strength
increased to ensure progression (Figure 1).

a nthropometric measurements 

Two days before the start of the training program, anthropometric characteristics
and fat percentage (measured with three-point fat percentage measurements
and using Jackson and Pollack's equation) were measured. The subjects’
weights without shoes were measured using the German Seca digital scale
with a precision of 0.1 kg, and height was measured using the German Seca
gauge in the standing position near the wall. The body mass index (BMI) was
calculated by dividing the individual's weight (kg) by height in square meters.
The waist circumference was measured by a strip meter in the narrowest waist.
This measure was taken in the standing position, so that the body weight was
divided between two legs.

s trength and endurance measurements 

To determine 1-RM, each participant initially performed a warm-up set of eight
repetitions with a light weight. After the successful completion, a further three
to ﬁve repetitions at a moderate to heavy weight selected by the instructor were
done after a brief rest (1–2 min). The completed repetitions were inserted to
Brzycki formula for calculating 1-RM [19]. The 1-RM values on the bench press
and leg press exercises were used to document the respective changes in lower
and upper body muscle strength. In order to measure muscular endurance, 60%
1RM was used. For this purpose, after warm-up of the body, each participant
initially performed chest press and leg press with 60% of the 1RM to the point
of exhaustion, and there was no interruption between performances [19].

l aboratory evaluation 

After 8–12 hour fasting, 10ml of the blood sample from the left radial artery of
the subjects was taken in the pre and post-test (48 hours after the last training
session) in the laboratory by lab experts after 10 minutes of rest. Biochemical
www.balticsportscience.com
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variables were studied. An American kit of diaplus with an ELISA method and
sensitivity of 0.5 μIU/ml was used to evaluate serum insulin. Serum glucose
was measured directly using commercial kits of Pars Co. of Iran. Insulin
resistance was calculated for patients and controls using the homeostasis
model assessment (HOMA) [20].
HOMA-IR= fasting serum insulin (μIU/ml) × fasting serum glucose (mmol/l)/22.5

s tatistical analysis 

Descriptive statistics were used to obtain mean and standard deviation. The
normal distribution of data was assessed using Shapiro-Wilk test in the dependent
variables. T-test was used to examine inter and intra group differences. Statistical
operation was performed using SPSS version 22, and a significant level of 5%
was considered.

results 

The results of t-test showed that the mean post-test of weight, BMI, waist
circumference, body fat percentage and metabolic indices in training groups
reduced significantly (P < 0.05) (Table 1, 2).
Also, the average upper and lower body muscular endurance and strength in the
post-test were significantly higher than the pre-test in training group (P < 0.05)
(Figure 2).
Table 1. Changes in anthropometric variables within and between groups

Training

Variable

Control

Pre-test

Post-test

Pre-test

Post-test

Weight
(kg)

86.73 ±5.38

84.28 ±5.63*#

87.42 ±6.11

88.32 ±4.97

BMI
(kg/m2)

28.45 ±1.92

27.65 ±1.40*#

29.61 ±2.64

29.93 ±2.81

Body fat
(%)

27.12 ±3.18

24.89 ±2.48*#

26.45 ±2.3

27.71 ±2.52

Waist circumference
(cm)

97.25 ±6.22

93.20 ±3.92*#

95.31 ±7.81

95.44 ±6.49

*: denotes significant differences between baseline and post-testing values (P ≤ 0.05); #: denotes significant differences
between the training and control groups at post-testing (P ≤ 0.05). BMI= body mass index.

Table 2. Comparison of metabolic indices within and between groups

Training

Variable

Control

Pre-test

Post-test

Pre-test

Post-test

Serum glucose
(mg/dl)

176.31 ±46.63

152.41 ±37.59*#

168.12 ±35.08

174.66 ±32.67

Serum insulin
(μIU/ml)

12.39 ±3.22

10.62 ±2.56*#

11.82 ±2.67

11.91 ±2.38

Insulin resistance

5.38 ±3.19

3.98 ±2.91*#

4.90 ±3.01

5.12 ±2.49

*: denotes significant differences between baseline and post-test values (P ≤ 0.05); #: denotes significant differences
between the training and control groups at post-test (P ≤ 0.05).
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Fig. 2. Changes in strength (a) and endurance (b) within and between groups.
*: denotes significant differences between baseline and post-test values (P ≤ 0.05); #: denotes significant differences
between the T and C groups at post-test (P ≤ 0.05). MS= muscle strength, ME= muscle endurance, T= training, C= control.

The results of the independent t-test indicated that CRT had a statistically
significant effect on weight, BMI, body fat and waist circumference compared
with control groups (P < 0.05) (Table 1).
After the intervention, the increase in 1-RM leg press (lower body) and bench
press (upper body) was significantly greater in the training group (pre: 65.97
±5.86, post: 74.13 ±6.45; pre: 32.62 ±5.43, post: 39.15 ±4.70; respectively)
than in the control one (pre: 63.39 ±7.10, post: 64.52 ±6.72; pre: 31.41 ±4.56,
post: 30.89±4.73; respectively) (P < 0.05, Figure 2a). Also, the change upper
and lower body muscular endurance was significantly higher in the training
group (pre: 13.18 ±4.30, post: 16.25±3.82; pre: 14.26 ±4.19, post: 17.92
±4.20; respectively) than in the control one (pre: 12.35 ±3.60, post: 13.61
±3.76; pre: 13.06 ±3.27, post: 13.83±4.66; respectively) (P < 0.05, Figure 2b).
Also, the training group had lower fasting serum glucose, fasting insulin and
insulin resistance when compared with the control group (P < 0.05, Table 2).
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discussion 

The purpose of this study was to investigate the impact of CRT on serum glucose,
insulin resistance and health related physical fitness in elderly men with type
2 diabetes. The results showed that the pre and post-test variations in training
group were significant; in addition, changes in anthropometric variables,
metabolic indices, strength and endurance in the training group were significant
compared to the control group.
In the present study, upper and lower body strength and endurance in posttest training group increased significantly. The results of this study were
consistent with the results of Lai et al. [21]. In their review article, they stated
that RT improved muscle strength compared to other exercises. On the other
hand, increasing the length of the training period has more positive effects
on muscle mass. Development of strength and muscular endurance after RT
involves coordinated performance of various processes. In fact, the ability
to generate more strength is related to both the nervous and the muscular
system. Adaptations created as a result of RT include: nervous adaptations such
as increasing the number of motion units, using motor units in the muscles,
stimulating more motor units with greater frequency, increasing the skill
and coordination of the musculoskeletal system in the movements, muscular
adaptations, such as increased cross-sectional muscle and changes in muscle
structure and metabolic adaptations [22].
Increased strength is attributed to the gradual increase in myofibrils size [22,
23]. As the age increases, the number of falls increases, which is a major cause of
the weakness of the lower body in the elderly [24]. Actually, the most important
issue in improving the health of the elderly is to maintain their independence
in daily activities, their daily functioning, and active living [25]. In fact, upper
body muscles are used in the daily activities, so having proper endurance and
strength in these muscles can be very valuable. These observations indicate that
performing two sessions of CRT for 60 minutes a week is very reassuring for type
2 diabetes management, and it can be used as an adjunct therapy to help manage
this type of disease in older men. Several mechanisms have been proposed to
increase insulin sensitivity after exercise [26]. It has also been argued that the
change in the production of adipokines with exercise may play an important role
in cardiovascular disease due to obesity and insulin resistance [26]. Exercise may
also affect the metabolism of adipocytes and, as a result, alter the serum level of
resistin and adiponectin and thereby affect insulin sensitivity [27]. Physical activity
also increases available glucose by insulin levels throughout the body in type 2
diabetic obese individuals. These changes are related to functional changes in
insulin signals and are related to the increased content of the membrane glucose
transporter type 4 (GLUT4). Exercise, apart from boosting insulin function by
increasing GLUT-4 receptors, increases glucose uptake [27, 28]. The results of this
study indicated that there was a significant change in fasting serum glucose and
insulin resistance between two groups. In line with the results of this study, Russell
et al. [29] reported improvement in blood glucose and insulin resistance after
performing RT among patients. Kirwan et al. [30] reported a decrease in insulin
resistance and increased glucose elimination during a 7-day heavy exercise, with
no changes in BMI and weight. Misra et al. [31] reported a significant decrease
in levels of body fat, insulin, and HOMA-IR during 12 weeks of RT. Dunstan et al.
[7] also argued that progressive RT along with nutritional control has improved
blood glucose level and also increased strength in these patients.
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In type 2 diabetes, increased physical activity reduces fasting serum glucose and
insulin levels, which indicates increased insulin sensitivity [32]. The results of
this study regarding serum insulin levels showed that CRT resulted in significant
decrease in this index. These results were consistent with the findings of other
researchers [33, 34]. Suh et al. [34] evaluated the effect of 12 weeks of aerobic
and RT with controlled diet on overweight men. It was concluded that the insulin
levels of both groups (aerobic and RT) were significantly lower than those in
the diet group.
Skeletal tissue contributes to insulin resistance, and exercise can improve insulin
sensitivity of the skeletal muscle and the entire body by improving glucose
metabolism. Incremental setting of AMP-activated protein kinase (AMPK) is a
mechanism that improves insulin sensitivity due to exercise [35]. As a result of
exercise, the expression of the GLUT4 and its transfer to the plasma membrane
in skeletal muscle increases with AMPK and finally the entry of glucose into
muscle cells and its use is facilitated. This process is associated with increased
activity of glycogen synthase and hexokinase, reducing the releasing and
enhancing the cleansing of free fatty acids, increased glucose release from
blood to the muscle due to increased muscle capillaries and changes in muscle
composition which leads to more glucose consumption and a decrease in blood
glucose levels [33].
Patients with type 2 diabetes are frequently obese and have abnormal amounts
of intra-abdominal and subcutaneous fat. The accumulation of intra-abdominal
fat especially increases the risk of developing metabolic and cardiovascular
diseases [36]. Yang et al. [37] indicated that aerobic exercise may reduce BMI
more and improve physical ﬁtness (VO2max, maximum heart rate) better than
RT. They believe that the biological mechanism underlying this difference is
unclear. However, RT mainly increases the size and strength of muscles, while
aerobic exercises burn the stored fat for energy. In this study, the researchers
assessed weight, BMI and waist circumference. We also observed a signiﬁcant
reduction in the waist circumference, body weight and BMI over time in the
training group, which is well in keeping even with programs that ran for
longer periods. In fact, we can say that RT has a unique effect on patients
with type 2 diabetes by slowing sarcopenia and thus slowing gain in body
fat, particularly visceral fat. RT is metabolically less demanding than aerobic
training and also, RT would be most effective in slowing the development of
sarcopenic obesity [38].

conclusions 

Based on the results of this study, it seems that:
• Regular CRT with a frequency of twice a week could be beneficially performed
by elderly men with type 2 diabetes.
• CRT can be a logical exercise form in a weight management program,
particularly for muscular strength and endurance developments which are
required in all daily activities of the elderly.
• CRT for 10 weeks leads to signiﬁcant improvement in health related factors
such as insulin resistance, fasting serum glucose and BMI in elderly men
with type 2 diabetes.
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