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Abstract

Physical activity is widely accepted that improve glucose homeostasis and insulin resistance in obese patient
populations. This study was aimed to investigate the effect of a long term aerobic training on glucose profile and
insulin action in obese women. For this purpose, pre and post aerobic training (3 per week / 12 weeks) blood
samples were collected in fifteen adult obese women and compared with control group (no training) matched for
age, gender, height, and BMI. Student’s t-tests for paired samples were performed to determine whether there
were significant within-group changes in the outcomes. A p-value less than 0.05 were considered statistically
significant. At baseline there were no differences in the biochemical variables and anthropometrical parameters
between the two groups. There was a decrease in fasting glucose levels and anthropometrical markers after
exercise intervention. Compared to pre-training, serum insulin and insulin resistance decreased significantly
after exercise program but not in the control group. Our results indicate that aerobic training for long time

improves glucose homeostasis in obese men that is associated with improved insulin resistance.
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Introduction

It is generally accepted that major characteristic of
type 2 diabetes are insulin resistance and insulin
deficiency (DeFronzo et al., 1992). On the other hand,
a number of prospective population studies have
found higher relation between type II diabetes and
obesity or overweight. On the other hand, more
recent reports indicate that obesity is the most critical
factor in the emergence of metabolic diseases. In fact
both obesity and type 2 diabetes are associated with
insulin resistance. Although in obesity, insulin-
resistant individuals do not develop hyperglycemia.
Insulin resistance (IR) is a condition in which the
body's cells become resistant to the effects of insulin.
That is, the normal response to a given amount of
insulin is reduced. As a result, higher levels of insulin
are needed in order for insulin to have its proper
effects. In obese and insulin resistant individuals to
be associated with type 2 diabetes, B-cells must be
unable to compensate fully for decreased insulin
sensitivity (Kahn, 2001). It has been previously
reported that, in obese patients, the main effect of
increased adiposity and adipocytes stress is a low
grade inflammation and its most probable outcome is
insulin resistance; this pattern is widely observed in

clinical populations (Belkina et al., 2010).

Increasing evidence suggest that increased release of
tumour necrosis factor-a (TNF-a), interleukin-6 (IL-
6), monocyte chemoattractant protein-1 (MCP-1) and
additional products of macrophages and other cells
that populate adipose tissue have a role in the
development of insulin resistance (Wellen et al,
2005; Fain et al., 2004). Although the exact causes of
insulin resistance are not completely understood,
scientists think the major contributors to insulin
resistance are excess weight and physical inactivity.
There is strong evidence that physical activity about
the role of acute or chronic exercise on cytokines and
insulin resistance in males with obesity or chronic
diseases. There are limited studies in these regard on
obese or overweight women and future studies will be
needed to address the relative importance of exercise
training on glucose homeostasis in this population. In

this study, we aimed to clarify aerobic training effects
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on insulin resistance and glucose profile in adult

obese women.

Materials and methods

Subjects included thirty non-trained healthy obese
men (aged 38 +/- 4.8 years, body weight 82.5 +/- 7.9
kg) that divided to exercise (participate in aerobic
exercise program) and control (no training) group.
This study was aimed to investigate the effect of a
three months aerobic training on glucose profile and
insulin action in obese women. All subjects gave their
informed consent to participate in the study, which
was approved by the Ethics Committee for Islamic
Azad University, Iran. Participants were non-athletes.
Subjects were non-smokers and had not participated
in regular exercise/diet programs for the preceding 6
months. Those with type 2 diabetic and other chronic
diseases were excluded from the study. In addition,
exclusion criteria included supplementations that

alter carbohydrate or fat metabolism.

Exercise protocol and measurements

Exercise program lasted 12 weeks at 60-80(%) of
maximal heart rate. Each session lasted 30-45 min.
Exercise session was 3 times to week consist of
running or pedaling on stationary cycle. Each session
started by 15 min of flexibility exercises, 30-40 min of
aerobic exercise and 5—10 min of cool down activity.
All anthropometric measurements were made by the
same trained general physician and under the
supervision of the same pediatrician following
standard protocols. The weight and height of the
participants were measured in the morning, in fasting
condition, standing when the participant had thin
clothes on and was wearing no shoes by using the
standard laboratory scales. The Body Mass index
(BMI) was calculated using the formula body
weight/height2 in terms of kg/m2. Visceral fat and
body fat percentage was determined using body
(OMRON, Finland). All

measurements repeated after exercise program.

composition monitor

48 h before and after the aerobic training, fasting
glucose and serum insulin were measured. All blood

samples were collected after overnight fast between 8
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am to 9 am. Blood samples were dispensed into
EDTA-coated tubes and centrifuged for 10 minutes in
order to separate serum. Serums stored at -80° until
the assays were performed. Fasting blood glucose
concentration was measured by the glucose oxidase
method (Pars Azmun. Tehran, Iran). The sensitivity
of the insulin assay was 1.76 PIU/mL. Intra and inter-
assay coefficients of variation were 2.6 and 2.88%,
respectively. The homoeostasis model assessment
(HOMA) for estimating

calculated as serum glucose (mmol/L) x serum

insulin resistance was

insulin (mU/L)/22-5 (Duncan et al., 1995).

Statistical analysis
After assessment of the normal distribution by the
differences between

Kolmogorov-Smirnov test,

groups were calculated using the independent

samples t-test. Student’s t-tests for paired samples

2013

were performed to determine significance of changes
in variables by exercise test in studied subjects. An
alpha-error below 5% was considered as statistically

significant.

Results

Anthropometrical and blood chemistry parameters
during experimental protocol are shown in Table 1.
Participant characteristics are reported as means +
SD. No baseline differences were found between
groups for any biochemical or physical parameters
(see table 1). Based on Paired T test data, all
anthropometrics and biochemical variables improved

after the therapy in exercise group.

Table 1. Pre and post training values of anthropometrical and clinical markers in two groups.

Parameter Exercise Exercise
Pretraining post-training Pretraining post-training
Age (year) 38+/-4.8 38 +/-5.1 39.5+/-5.3 39.5 +/- 6.3
Height (cm) 160 +/- 7.8 160 +/-7.2 163 +/-7.3 163 +/- 6.4
Weight (kg) 82.5 +/-7.9 80.5 +/- 6.7 86.7 +/- 5.9 87.2 +/- 6.9
Abdominal to hip ratio 0.97 +/- 0.06 0.97 +/- 0.04 0.96 +/- 0.011 0.97 +/- 0.03
BMI (kg/m2) 32.1+/-3.4 31.3+/-3.3 32.9+/- 3.1 32.82 +/- 3.56
Body fat (%) 45.7 +/- 6.3 44.3 +/- 5.2 41.5+/-5.8 41.8 +/- 6.11
Visceral fat 8.47+/-2.1 8.4 +/-1.90 8.75 +/- 2.1 8.9 +/-2.11
Glucose (mm/L) 93 +/- 14 81+/-11 90 +/-11 93 +/- 9.1
Insulin (UIU/ml) 7.23 +/- 2.03 5.76 +/- 1.11 8 +/-2.12 8.2 +/-1.9
Insulin resistance 1.63 +/- 0.23 1.14 +/- 0.16 1.85 +/- 0.36 1.88 +/- 0.34
(HOMA-IR)
Compared to pre-training, body weight, body mass Discussion

index, body fat other

anthropometrical indexes decreased significantly by

percentage and the

exercise program in exercise group but not in the
control groups. Also Exercise training resulted in
significant decrease in fasting glucose level in exercise
group (p = 0.033). With aerobic exercise training, we
also observed that insulin resistance in exercise
subjects decreased significantly (p = 0.019), but
remained without control

change in group.

Interestingly, Concentrations of serum insulin

significantly decreased in exercise group (p = 0.014).

Previous investigations have described a negative
association between the level of daily physical activity
and the incidence of type 2 diabetes (Wei et al., 1999;
Manson et al., 1992). In line with these studies, main
results of present studies were significantly decrease
in some type II diabetes determinates in adult obese
men. On the other hand, aerobic training in 12 weeks
decreases fasting glucose and insulin resistance in
studied subjects. Aerobic program was also associated

with serum insulin.

It has been demonstrated that some Asian ethnicities,

do not produce sufficient insulin secretion when
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insulin resistance is elevated by the increased
consumption of fat and simple sugars associated with
Western dietary habits (Cockram, 2000). It has been
established that high fat diet increased peripheral
insulin resistance, whereas exercise training reversed
this condition. In addition to modulating insulin
resistance, exercise training, in addition to decreasing
insulin resistance also affected B-cell function and
mass. Indeed, both high fat diet and exercise
increased insulin secretion and B-cell mass; however,
the mechanism of each was independent from the

other (Park et al., 2007).

It is important to make a note here that at the cellular
level, increased insulin resistance is associated with
alteration in the insulin signaling way, reduction of
the GLUT4 glucose transporter expression or
alteration in the GLUT4 translocation to the
plasmatic membrane of adipose and muscular cells,
which ultimately leads to lower biological activity of
the hormone, disturbing the glucose homeostasis
(Shulman, 2000; Machado et al., 2006). There is
some evidence that exercise improves glucose
concentration by increasing glucose uptake in skeletal
muscle and adipose tissues (Berggren et al.,, 2005;
Corcoran et al., 2007; Holloszy, 2005). On the other
hand, recent experimental investigations have reported
that exercise training enhanced hepatic insulin
signaling by suppressing hepatic glucose output
during hyperinsulinemic clamp states (Heled et al.,
2004; Perseghin et al.,, 2007). Aerobic training in
present study has also decrease body weight, body
mass index and body fat percentage in studied
subjects. In this regard, some recently published
research studies have reported exercise training
program involved aerobic training reduces the
amount of visceral fat mass and body weight without
decreasing lean body mass and it also ameliorates
insulin sensitivity and blood glucose levels. In
response to prolonged exercise, not only insulin
resistance but also glucose-stimulated insulin
secretion plays important roles in regulating glucose
homeostasis (Kaastra et al.,, 2006; Urano et al.,

2004).
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Since the main mechanism responsible for the
increased insulin resistance and glucose are not yet
fully understood, provide a possible mechanism
responsible for the loss of these variables in response
to a three-month training program in the present
study is difficult and controversial. But based results
of similar studies about the effects of exercise training
on these variables other obese or diseases population,
changes in the variables in the present study may be
mediated by other hormonal changes such as
inflammatory or non-inflammatory response to
exercise program. Although in present study, the lack
measuring of peptide mediators such as interleukin or
adiponectin are main limitations, but other studies on
type II diabetes showed high significant association
between the changes in cytokines with fasting glucose
or insulin resistance (Tang et al., 2005; Sheu et al.,
2008). For example, previous studies have pointed
that decreased fasting glucose and insulin resistance
is associated with improved serum adiponectin or
leptin in response to different exercise programs in
obese or type II diabetes subjects (Lara-Castro et al,,

2006; Brooks et al., 2007; Imbeault, 2007).
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