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Introduction

Abstract

Introduction: New lifestyle is one of the most important causes of increased
prevalence of diabetes due to inappropriate nutrition, consecutive stress, and
lack of physical activity. The aim of this study was to investigate the effect
of high- fiber diet and aerobic exercise on fasting blood glucose, HbAlc, and
BMI in diabetic overweight women.

Methods: 41 overweight females with type 2 diabetes (aged between 40- 60)
were selected to participate in the study. Patients were randomly divided into
four groups including (control, high-fiber diet, aerobic exercise, and high-
fiber diet+ aerobic exercise). The high fiber diet group consumed 25-30 gr
fiber daily during 12 weeks. The aerobic exercise intensity was 60% of
maximum heart rate, and each session took 20- 45 minutes (every two weeks
5 minutes was added). High-fiber diet + exercise group did the aerobic
exercises, in addition to receiving 25-30 gr fiber in a day. The control group
had no regular exercise activities or a special diet. Fasting blood sugar (FBS)
samples were taken before and after the test. Data was analysed by Mann-
Whitney U-test and Covariance analysis tests.

Results: The results of the study showed a significant reduction in HbAlc in
the exercise group and in the high- fiber diet + exercise group compared to
the control group (p=0.001). There were no significant differences in fasting
blood glucose in the experimental groups compared to the control group
(p=0.482). BMI changes were significantly higher in both control, and high-
fiber diet + exercise groups (p=0.050).

Conclusion: The findings of the present study showed that aerobic exercise
can solely or combined with a high-fiber diet relieve the chronic symptoms
of diabetes. Also, BMI could have a significant decrease due to exercise and
high-fiber diet. As a result, it seems that a regular exercise program and a
high-fiber diet can be a part of prevention and treatment of diabetes.
Keywords: Training, HbA1C, Glucose, High Fiber Diet, BMI, Diabetes

cholesterol education expert panel (NCEP) has

New lifestyle is one of the most important
causes of increased prevalence of diabetes due
to inappropriate nutrition, consecutive stress,
and lack of physical activity (1). It is clear that
poor physical activity associated with obesity,
or with the rise of obesity, and the person is
exposed to many chronic complications (2).
Amongst obesity-related diseases which is
more common in Iranian women rather than
men, are risk factors for type 2 diabetes and
cardiovascular disease (3), as the national

declared that abdominal obesity is the most
common cause of metabolic abnormalities (4).
According to the latest estimates, there are
currently 8% of the Iranian population (more
than 5.5 million people) suffering from
diabetes, which is more in Iranian women than
men (5). The prevalence of diabetes in Iranian
adults aged above 30 years with estimated at
10.6% (6). Since the high blood glucose
fluctuations overnight, fasting blood glucose is
not a precise measure
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of glycemic control in patients. Nowadays,
haemoglobin glycosylated (HbA,c), which is
itself a function of the long-term glycemic
status of patients, is used as the best indicator
of glucose. This index is one of the criteria for
diagnosis of diabetes and its severity (7). The
amount of HbAlc formation depends on the
concentration of glucose, in fact, with the
increase of chronic plasma glucose, the
amount of non-inactivation glycosylation
would increase, and as this sugar is applied
over the life of the red blood cells, and so its
formation represents a concentration of blood
glucose during its recent 2- 3 months (8). The
American diabetes association suggests an
HbA1C of less than 7%, which is an estimated
average glucose (eAG) of 154 mg/dl (9).
Studies related to diabetes in England found
that one percent reduction in HbAlc levels
reduced the risk of %21 death, %14
myocardial infarction, and %37 for the risk of
microscope complications in diabetics (10).
Evidence suggests that if adequate blood
glucose is well controlled, therefore reducing
HbAlc level and long-term complications of
diabetes can be prevented or postponed
(especially  retinopathy, neuropathy and
nephropathy) (11). One of the primary
symptoms of insulin sensitivity in patients
with type 2 diabetes is the low cardiovascular
capacity or decreased aerobic capacity. In
diabetics, aerobic power decreases due to the
inability in oxygen transport. It has also been
shown that diabetics are 15% less likely to
have aerobic exercise capacity compared to
their normal age, which can be due to high
HbAlc levels (12). Low levels of aerobic
exercise capacity in diabetics are associated
with certain pathological mechanisms such as
hyperglycaemia, low capillary density, and
adverse changes in oxygenation (13). It seems
that increased physical activity plays an
important role in controlling of the risk factors
associated with diabetic patients (14).
Although some studies in exercises have
reported no effect on HbAlc levels and fasting
blood glucose (15), but the ADA recommends
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a minimum of 150 minutes/week (at least 3
days a week) regular aerobic activity to
diabetic patients (16). In 2016, Dixit et al,
found that 8 weeks of moderate exercise
improved blood glucose in 87 patients with
type2 diabetes (17). On the other hand, eating
well-balanced meals is an essential part of
taking better care and managing diabetes. The
beneficial effects of dietary fiber on blood
glucose levels is well documented (18).
Consumption of dissolved fiber is an effective
factor in reducing blood glucose and lipids.
Therefore; it is recommended that diabetics
consume 25-30 gr of fiber daily. Consumption
of fiber improved hyperglycaemia in patients
with diabetes (19). In a clinical trial conducted
by Fuji et al. in Japan, on the association
between dietary fiber consumption, obesity,
blood glucose control, cardiovascular risk
factors, and chronic renal disease investigated
in patients with type 2 diabetes, it was found
that using fiber meal in the diet was associated
with reduction in the prevalence of abdominal
obesity,  hypertension, and  metabolic
syndrome (20). The effects of aerobic exercise
and high-fiber diet on HbAlc levels are still
unknown. In some studies, the effect of
combined high-fiber diet and aerobic exercise
on HbA1C levels in diabetic patients has been
investigated separately. This study is one of
the few studies that have investigated
simultaneous use of high-fibre high-fiber diet
and aerobic exercise as an exogenous
intervention. Therefore, due to the prevalence
of type2 diabetes and its complications,
especially cardiovascular disease, this study
was designed to investigate the effect of high-
fiber diet and aerobic exercise on HbAIc
levels in overweight women with type2
diabetes.

Methods

Subject recruitment: The present study was
experimental and practical. This project
involved 41 women with type2 diabetes whose
fasting blood glucose levels were greater than
200 mg/dL (not taking metformin) and were
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diagnosed with the illness for an average of
one year. The patients used metformin with
the dose of 500 mg/day and were registered
with Salman-Farsi Hospital in Bushehr with a
range of 40-60 years old. Eligible participants
lacked any form of complications arising from
acute and chronic diabetes and did not exercise
regularly. The participants did not have any
history of other diseases such as chronic
cardiovascular and inflammatory diseases,
diabetic ulcers, and hepatitis. Patients
consuming vitamins and supplements or those
who smoked were excluded from the study.
Patients were well informed about the study
prior to the experiment and written consent
was obtained from them. A blind study
method was applied and the participants were
randomly assigned into 3 experimental groups
(high- fiber diet=10, aerobic exercise=10,
aerobic exercise + high-fiber diet=11), and
Icontrol group=10. All procedures involving
experiments were carried out in strict
accordance with the United States Institute of
Research guidelines and approved by the
Medical Centre Board of Bushehr Hospital.
Blood samples were collected at the certain
time of the trainings through the eclbow
antecubital vein of all patients, 24 hours before
and 48 hours after the last session of the study
for measurement of blood glucose and
HbA1lc.5 ml blood samples were collected in
serum separating tubes (SST) and allowed to
clot at room temperature for 30 min. The
blood clot was then centrifuged at 3000 g for
15 min. Aliquots of the serum samples were
stored at —20 °C for further use. Fasting serum
glucose was determined using the glucose
oxidase method with a digital
spectrophotometer (Bionic Company, China)
and HbAlc was measured by using high-
performance Elisa kit (Bionic Company,
China). In order to measure the patient’s
weight and height, the standard German
Weighing Scales and Medical German
Weighing Scale (SECA) were used. The
quantities obtained from height and weight
were used to calculate the BMI by dividing the

weight (kg) by the square of height (m).
Patients in exercise groups were introduced
and performed their training under a trainer’s
supervision for 12 weeks, 3 sessions per week
in a gym. Written informed consent was
obtained from all patients before any study-
related procedures were performed. Patients
were familiarized with the protocol and a heart
rate strap (Mark Polar) was applied on them to
monitor their heart rate within the first two
sessions. These training sessions included 10
minutes warm up through walking with light
static and dynamic stretching, rhythmic
movements, and cooling down with stretching
in standing and lying position in the final 15
min. The main training was rhythmic
movements with intensity of 60% of
maximum heart rate with duration of 20-45
minutes (increased 5 minutes in duration every
two weeks). In the group of aerobic exercise +
high fiber diet, after calculating the daily
calories intake by using the form of food
frequency (21), a healthy fiber food (25-30 gr
per day) replaced their previous diet, without
changing the amount of calories that they
received. All data were presented as mean +
standard deviation. Shapiro-Wilk test was
conducted to determine the data are normally
distributed. In this research, analysis of
variance was performed using SPSS version
18 and applied to measures of central tendency
and dispersion. A Tukey's post-hoc analysis
was used to check for significant differences
among the main effects of each dependent
variable. Since the distribution of BMI data
was not normal, Wilcoxon's nonparametric test
was used to investigate the effect of each
intervention. Kruskal- Wallis test was used to
compare the intra- group effects. If significant
difference was observed, Mann-Whitney U-
test was used to compare the difference in the
test and control group in different areas.
Statistical significance was considered when p
value was less than 0.05.
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Results

The anthropometric characteristics of the
subject are shown in Table 1. Additionally; the
differences between groups in HbAlc variable
(ANOVA) are shown in Table 2. According to
the results of Table 2 and significant changes
of HbA,. among the groups, Tukey's post hoc
test was run to determine the location of the
difference. Tukey's post hoc test results are
presented in Table 3. The results of Tukey's
test showed that after 12 weeks of
intervention, the change (decrease) rate of
HbA,. in the aerobic training group was
significantly higher than high fiber diet group
(p=0.005). Also, this difference was observed
between high fiber diet group and aerobic
exercise + high fiber diet group (p=0.004). On
the other hand, the reduction of HbA, in the
aerobic exercise group (p=0.001) and aerobic
exercise + high fiber diet (p=0.001) was
significantly higher than the control group.
The results of independent analysis of variance
analysis showed that there is no significant
difference of fasting blood sugar level between
pre-test and post-test of groups (F=0.337,
p=0.482). In order to evaluate the difference

between BMI, the Wilcoxon test was used
before and after the high fiber diet and aerobic
exercise (Table 4). Data from Table 4 shows
that there is a significant difference between
the BMI values in type 2 diabetic women
before and after the period of high-fiber diet
and aerobic exercise. BMI significantly
decreased after the period of high-fiber diet
and aerobic exercise (p=0.04).Kruskal- Wallis
test was used to compare the difference
between the pre-test and post-test values of
BMI in groups. The results of Kruskal-Wallis
test indicate that there is a significant
difference between the groups (F=1.29,
p=0.04). The Mann Whitney test was used to
determine the location of the difference. The
results of Mann Whitney test showed that after
12 weeks of intervention, BMI reduction in
aerobic training group was significantly higher
than high fiber diet group (p=0.04).The
difference was also observed between the
control group and high fiber diet group
(p=0.02). On the other hand, the decrease of
this variable was significantly higher in the
aerobic training group compare to control
group (p=0.04).

Table 1. Anthropometric characteristics of the subjects (mean + SD).

Groups Age (year) Weight (kg) Height (cm) Duration of
illness
High-fiber diet 46.10+4.46 71.23 £6.42 159.7+£5.95 7.70 £3.27
Aerobic exercise 46.10 £ 4.46 70.62 + 6.64 158.4+5.06 6.40 £3.50
aerobic exercise + 48.64 +5.08 71.19 £10.27 160.8 +7.28 8.18 £5.46
high-fiber diet
control 52.60 =4.99 71.52 £5.88 159.8 £6.01 8.80 +£4.90
Table 2. One-way analysis of variance (ANOVA) in HbAlc (mg/dL)
Groups Pre-test Post-test Mean Sum of F P
difference Squares
High-fiber diet 7.65+1.63 7.51+153 0.14+0.28 5.06 10.23 0.001
Aerobic exercise 735£1.08 6.09+£0.79 1.26+0.77
aerobic exercise + 7.74+1.68 646124 -1.27+£1.03
high-fiber diet
control 7.80+2.15 7.83+£1.87 0.03+0.42

63
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Table 3. Tukey's Post Hoc test results in HbAlc (mg/dL) variable of four groups

Group Groups Mean Bias Error P
difference
High fiber diet Aerobic exercise 1.12 0.31 0.005
aerobic exercise + high- 1.13 0.30 0.004
fiber diet 0.001
control Aerobic exercise -1.29 0.31 0.001
aerobic exercise + high- -1.30 0.30

fiber diet

Table 4. Wilcoxon test analysis results on BMI variable of four groups

Groups Pre-test Post-test Mean difference df F P
High-fiber diet 27.92+1.28 27.75+1.28 -0.17+0.25 2 1.29 0.04
Aerobic exercise 28.08+1.74 27.53+1.73 0.55+£0.81

aerobic exercise + 2739+1.8 26.73+1.64 0.66 +0.88

high-fiber diet

control 28.03+1.73 28.04+1.80 0.01+0.14

Discussion

The results of this study showed a significant
decrease in HbAlc levels in the experimental
group compared to the control group. These
results are consistent with the findings of the
Grace et al, which showed that exercise could
reduce 0.031% in HbA, level among 27
people with type 2 diabetes (22). Moreover,
Negri et al. reported a significant decrease in
HbA,, after a 2month walking exercise in 59
diabetic patients (23). In the present study,
HbA,. levels of the experimental group
(aerobic exercise + high fiber diet)
significantly decreased compared to the
control group, which is consistent with the
research carried out by Crowe et al. (24).
However, HbAlc levels in the experimental
group of the high diet did not show a
significant decrease compared to control
group, which was consistent with Jenkins et al.
(25) and inconsistent with Fuji et al. (20).
Researchers showed that muscle contraction
has a similar role with insulin to send a large
amount of glucose into the cell in energy
production. Muscle contraction may increase
the permeability of the membrane to glucose

due to an increase in the number of glucose
transporters type 4 (GLUT4) in the plasma
membrane. During the exercise, GLUT4 levels
increase in exercised muscle, which improves
insulin action on glucose metabolism resulted
in HbA,. reduction (26). The finding of this
study showed that after 12 weeks of aerobic
training fasting blood glucose level decreased
in the experimental group of aerobic training,
but the difference between pre-test and post-
test was not significantly changed. In a
previous study, 6 weeks aerobic training had
no significantly effect in blood glucose levels
which is consisted of present study (15).
Furthermore, significantly decreased in fasting
blood glucose after exercises reported that is
inconsistent with the findings of the present
study (27). In this study, 25 diabetic patients
performed 30/min aerobic training per session,
three times weekly for 12 weeks. Although, it
has been reported that aerobic exercise could
improve glycemic level in 25 diabetic patients
(28). Some of the inconsistency among the
reports may be due to severity, duration, and
type of exercise, or age, sampling time, and
exercise conditions. In point of fact, regular
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exercise has been reported to prevent and
protect of type 2 diabetes, increased insulin
sensitivity and improved glucose metabolism
(29). The benefits of physical activity in
improving the health of diabetic patients may
be related to the effects of aerobic exercise on
increasing capillary density and enzymes
involved in oxidation, resulted in reducing
insulin resistance, as well as, improving of the
process of transporting glucose to consume it
in the cell and insulin resistance decrease. In
this situation, aerobic training can often reduce
the level of insulin in the rest of blood and
insulin production, which suggest improved
insulin sensitivity and control of glucose in
type 2 diabetic patients (30). Aerobic exercise
is well-known for controlling of blood glucose
and cardiovascular risk factors. Thus, doing
exercise activity, skeletal muscle can increase
blood flow, levels of GLUT4, haemoglobin,
and glycogen synthesis activity (31). Aerobic
exercise activates lipoprotein lipase (LPL),
and increased activity of this enzyme that may
play an important role in reducing insulin
resistance during exercising (32). Another
finding of this study showed that the
experimental group of aerobic exercise had a
significant decrease in BMI. It seems that
aerobic exercise is one of the best type of
exercise in the controlling of weight (32).
Indeed, reducing of body fat through
liposuction has not been able to improve type
2 diabetes and other risk factors (33). This
emphasizes the beneficial effect of exercise in
weight loss. Visceral adipose tissue has been
shown to have high lipolytic activity and
source of free fatty acid indicator, leading to
excessive glucose production and reduced
uptake in tissues, can cause hyperglycemia.
The effect of physical activity stayed
significant on visceral adipose tissue,
abdominal obesity, and body composition
reduction, resulted in significant improve
metabolic rate (31). BMI in the experimental
group of high fiber regimen showed a
significant decrease compared to the control
group. Since fiber-rich foods usually have

65 Report of Health Care. 2016; 2 (2): 60- 68

lower energy content, it helps to reduce the
energy density of foods. It should be noted that
fiber-rich foods need more time required for
chewing, which increases the time needed to
eat and feel satiety. This fiber, which forms
viscous fibres could delay gastric emptying via
a direct effect of the food nutrients trapped
within a viscous or gelled matrix that will
more slowly leave the stomach and helps to
increase  satiety and reduce  energy
consumption. In the intestines, the mixing of
fiber may complicate the alliance between the
digestive enzymes and the substrate, thus
reducing the rate of absorption of food
(including fat and sugar) (34). Describing the
possible mechanisms of viscous fibres to
improve glucose metabolism and insulin
sensitivity included slow intake of glucose in
the small intestine, colon fermentation and
their potential effects on the digestive system
hormones. Moreover, increased concentration
of short chain fatty acids in the serum derived
from colon fermentation may have beneficial
effects on liver fat metabolism and improve
glucose metabolism (35). A significant
reduction in BMI was reported in experimental
group of aerobic exercise and high fiber diet.
Digestive properties and fiber viscosity in this
regime, probably affected on diabetes and the
risk of obesity, which may reducing the
absorption of nutrients and energy metabolized
(36). Regular exercise usually increase daily
energy expenditure, improves and enhances
oxidation of lipids in skeletal muscle and
mitochondria of liver cells, decrease daily
caloric intake and obesity, especially in the
abdominal region, which cause a decreased
visceral fat, intestinal free fatty acids in the
liver, fat sedimentation in the liver, and also
increase fat oxidation in the liver (37).
Intensity physical activity reducing abdominal
visceral fat. Researchers has shown that people
who do regularly exercise are less likely to
lose weight than non-active people. Aerobic
exercise combined with dietary control leads
to a further reduction in fat mass compared
with dietary intake (37). The Intensity, type,
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and time of exercise to lose weight are still
discussable. In addition, having a proper diet
and maintaining energy consumption are also
important (32). Therefore, exercise with a
proper daily diet can be more effective in
burning fat (3).

Conclusion

Based on the results of this study, 12 weeks of
aerobic exercise alone or with a high-fiber diet
reduced HbA,, levels, which is an indicator for
controlling and reducing the risk of diabetes
mellitus complications in type 2 diabetic
women. Therefore, these factors should be
considered in prevention or part of the diabetes
treatment  process. However,  further
investigations are warranted, and such
research should focus on identifying the
specific properties of high fiber food, as well
as the intensity, duration or type of exercise.
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