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ABSTRACT. This study examined the effects of 12 weeks of resistance training (RT) on binge
eating, body composition and blood variables and their correlations in 34 sedentary adults with type II
diabetes. The participants aged 58.94 = 10.66, had body weight of 71.62 + 11.85 and BMI of 29.64 +
4.27. Blood samples were collected for analysis of serum leptin, glucose, insulin, LDL, HDL, total
cholesterol and triglyceride. The binge eating was assessed by the binge eating scale and the body
composition by bioelectrical impedance. The training included three weekly sessions for 12 weeks,
with three sets from 12 to 15 repetitions for the main muscle groups, and interval from 1 to 2 minutes
between the sets. A significant decrease was found for the binge eating, body weight, BMI, fat
percentage, and fat weight. As for the blood variables, there was a significant reduction in leptin; non-
significant reductions in glucose, total cholesterol, LDL and triglycerides; as well a significant increase
in HDL and non-significant increase in insulin. In conclusion the 12 weeks of RT proved to be
enough to decrease the binge eating, to positively adjust the body composition and to modify the
blood profile, demonstrating an association at a lower or higher level between these variables.

Keywords: diabetes, resistance training, blood variables, binge eating.

Efeitos do treinamento resistido sobre a compulsao alimentar, composi¢ao corporal e
varidveis sanguineas em diabéticos tipo Il

RESUMO. Este estudo analisou os efeitos de 12 semanas de treinamento resistido (TR) sobre as
varidveis de compulsio alimentar, composigio corporal e sanguineas, e suas correlacdes em diabéticos
tipo II. Participaram 34 diabéticos tipo II adultos e sedentdrios com idade de 58,94 = 10,66, peso
corporal 71,62 £ 11,85 ¢ IMC 29,64 + 4,27. Coletou-se amostras sanguineas para andlise de leptina,
glicose, Insulina, LDL, HDL, Colesterol Total e Triglicerideo. A compulsio alimentar foi avaliada
através da escala de compulsio alimentar peridédica e a composi¢io corporal por meio da
bioimpedincia. O treinamento consistiu trés sessdes semanais durante 12 semanas, com trés séries de
12 a 15 repetigdes para os grandes grupos musculares, e intervalo de 1 a 2 minutos entre as séries.
Verificou-se diminuigoes significativas na compulsio alimentar; peso corporal; IMC; percentual de
gordura; e peso gordo. Nas varidveis sanguineas houve redugio significativa da leptina; reducdes nio
significativas na Glicose; Colesterol Total; Triglicerideos e LDL; bem como aumento significativo no
HDL e aumento nio significativo da insulina. Conclui-se que 12 semanas de TR sio suficientes para
diminuir a compulsio alimentar, adaptar positivamente a composi¢io corporal e modificar o perfil
sanguineo, mostrando uma associagio em maior ou menor grau entre essas variaveis.

Palavras-chave: diabetes, treinamento resistido, varidveis sanguineas, compulsio alimentar.

Introduction

At the World Congress on diabetes in
Montreal in 2009, the International Diabetes
Federation reported that the diabetes epidemic is
developing more rapidly than previously thought.
If this progression continues, in 2010 there will be
435 millions of diabetic people. Most are located
in developing countries, and approximately
80-90% of individuals affected by the diseas

are overweight and/or obese, and the risk of
diabetes is directly related to increased body mass
index (BMI) (SARTORELLI; FRANCO, 2003).
A large body of evidence suggests that there is an
increase of psychopathology in patients with DM.
Depression and eating disorders (ED) are among
psychiatric disorders that arouse more interest in
clinicians and researchers who deal with patients
with DM (PAPELBAUM et al., 2007).
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Binge eating (BE) refers to episodes of
excessive food intake, characterized by the
consumption of large amounts of food within short
time intervals, followed by a feeling of loss of
control over food (APOLINARIO, 2004). This
unmanageability manifested in the binge eating
disorder (BED) may be associated with hormonal
disturbances that make difficult the identification of
saticty (PAPELBAUM et al., 2005). The risk of the
association between eating disorder (ED) and
diabetes mellitus (DM) can be evidenced by worse
glucose control and increased risks of acute and
chronic complications (MELTZER et al., 2001).

Recent advances in the field of endocrinology
and metabolism show that the adipocyte is capable
of synthesizing and releasing several substances,
being now considered an endocrine organ
(FRUHBECK et al., 2001). Among these substances
leptin is a protein that acts in the hypothalamus
informing about the organic nutritional status.
Consequently, the hypothalamus increases the basal
metabolism and reduces the appetite in order to
decrease the body lipid content (GEBER, 2000). In
human, the circulation of blood leptin is result of
acute changes in the energy balance resulting from
the increase or decrease in caloric intake
(KERSHAW,; FLIER, 2004). The fasting state or the
loss of body mass results in low levels of leptin in
the blood, which in turn, generates an enhanced
expression of hypothalamic neuropeptide Y (NPY),
stimulating thus the dietary intake (BLUNDELL;
GILLET, 2001).

Considering the evidences of interaction between
diabetes with obesity, binge eating and resistance to
leptin as clinical manifestations commonly verified in
type II diabetics, (PAPELBAUM et al, 2005;
DONATTO et al., 2008), and the capacity of the
resistance training to influence the body composition,
it is necessary to study the possible chronic adaptations
in these variables through this modality of exercise, as
well as possible correlations between them. Such
understandings try to fill the existing gaps as regards
the need to find several ways for treating type II
diabetes and its complications. In this sense, this
research aimed to verify the effects of 12 weeks of
training on the binge eating, body
composition and blood variables in type II diabetics
and to verify the correlations among these variables.

resistance

Material and methods

The present research is characterized as almost
experimental with sedentary diabetic individuals, of
both sexes, with mean age of 58.94 =+ 10.66,

Sousa et al.

attended by the cardiovascular prevention program
of the Diabetic House in Belém, state of Pard, Brazil,
being the sample formed by 34 individuals chosen at
random, who have not participated in programs of
regular physical activity for the last six months. All the
evaluations for data collection were performed before
and after 12 weeks of resistance training (RT).

Binge eating evaluation: It was evaluated
through the questionnaire of the Binge-Eating scale
of Freitas et al. (2001), version translated and
validated by the department of epidemiology at the
Institute of Social Medicine of the Federal
University of Rio de Janeiro.

Body Composition: It was evaluated through
the equipment Byodinamics Body Composition
Analyzer — Model 310, with the patient fasting for
12h and after the bladder emptying. The placement
of electrodes was tetrapolar: on the dorsal surface of
the right hand at the metacarpal joint and between
the prominences distal and proximal of the radium
and ulna in the fist; on the dorsal surface of the right
foot between the medial and lateral malleolus in the
ankle, with the patients in the dorsal decubitus
position, with the upper and lower limbs apart.

Evaluation of BMI: It was obtained through
the relationship between the measures of weight
(kg) and height (m), expressed in the equation
below (ACSM, 2010). The body mass was obtained
by weighing in a Fillizola scale, with the capacity
between 0 and 100 kg, accurate to 100 g, and the
height verified using a Sanny stadiometer (model ES
2020), with measures between 0.40 and 2.20 m
height and tolerance of two millimeters.

__ BM(kg)
(heigthinm)®

Blood Evaluation: The collection of fasting
blood for the analysis of leptin, glucose and insulin
was made at the laboratory of the Hospital da
Beneficiente Portuguesa. Samples of venous blood
were obtained by puncture of the basilic median
cubital vein with disposable hypodermic syringe.
The samples were placed in tubes and centrifuged
for 15 minutes at 3000 rpm for plasma separation.
The analyses were subsequently performed using
the following methods: Leptin (Elisa method);
Glucose (Enzymatic Colorimetric method); Insulin
(Chemiluminescence).

Assessment of the Muscular Strength: The
initial intensity of training before the protocol of
resistance training (RT) was determined at the
Resistance Training Laboratory (RTL) of the
University of the State of Parda (UEPA).
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Considering the sedentary lifestyle and the
inexperience with the training, it was opted for the
load test through maximum repetitions (RM),
which consisted in the execution of a specific
number of repetitions of a load to which the person
was able to move / raise, for 12 to 15 maximum
repetitions, and no more than that, being the load
determined through the mathematical model:

Resistance Training: It consisted of 10
exercises for the main muscle groups, constituted by
3 series from 12 to 15 RM, with interval from 1 to 2
minutes between series, performed three times a
week, in alternate days, during 12 weeks. The period
of adaptation of 4 weeks was composed of 6
exercises, leg press (LP), seated supine (SS), leg curl
(LC), seated row (SR), high-pulley (HP) and
Abdominal (AB), adding in the other weeks four
more exercises; leg extensions (LE), presses (PR),
dumbbell arm abductions (AA) and chest exercises
(CE). The progression of load was given with the
increase from 5% to 10% in the load, when was
reached 15 repetitions with appropriate technique
(ACSM, 2009). As for the movement execution it
was considered the individual total functional
amplitude, limited by the manifestation of pain or
discomfort, being the exercises alternated by body
segments in the following sequence: Leg Extension,
Press, Leg Curl, Seated Row, Chest, Leg Press,
Seated Supine, Abdominal, Dumbbell Arm
Abduction, and Seated Pulley.

Data analysis: The sample normality was analyzed
using Shapiro-Wilk test, in order to verify normality in
data distribution. The data received statistical treatment
through the program SPSS 16.0, adopting the
descriptive statistics to characterize the sample; the
Student’s t-test to compare the differences between
two moments of testing; the Pearson’s linear
correlation to verify the association between variables.
It was adopted for the analysis p < 0.05.

The present study was carried out based on the
resolution 196/96 of the National Health Council of
the Brazilian Ministry of Health, and the project was
approved by the Research Ethics Committee, under
protocol CAAE - 0013.0.412000-08, being the data
used exclusively for the present research.

Results and discussion

The Table 1 Ilists the sample descriptive
characteristics, as well as the differences in the
studied variables before and after training.

Several studies have shown a high prevalence of
psychiatric disorders among individuals with
diabetes. However, few have specifically evaluated
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the prevalence of ecating disorders (ED) eating
among patients with type 2 diabetes mellitus
(T2DM). Most authors who have studied ED in
subjects with T2DM have reported high rates of
these disorders (PAPELBAUM, 2005). Melo et al.
(2009) verified high prevalence of suggestive
diagnosis of BED, which is prevalent among women
with DM; indicating that the presence of BED in
this population favors the increase of the body
weight and it negatively influences the metabolic
control, contributing to the appearance of early
complications related to the disease. Papelbaum et
al. (2005) found in the subjects with type II DM a
7.7% prevalence of eating disorder among patients
with normal BMI; 182% among those with
overweight and 25.7% among obese, being the
obesity higher amongst women than in men (57.4%
against 25.0%; p = 0.023); and the (BE) was
associated with anxiety disorders.

Table 1. Mean values, standard deviation, Student’s t-test and p
value for age, anthropometric, of body composition and of binge
cating variables, before and after training.

Variable Before After .

Mean * SD Mean * SD P
Age (year) 58.94 + 10.66
TBW (kg) 71.62 = 11.85 69.61 = 11.83 4.77 <0.01*
Stature (m) 1.55 £ 0.08
BMI (kg m™) 29.64 + 4.27 28.80 * 4.29 486  <0.01*
BEP (%) 35.73 £ 7.42 33.62 + 8.38 3.97 <0.01*
FW (kg) 25.59 * 6.85 23.78 = 7.00 3.02 0.01*
WL (kg) 12.19 = 6.27 961617 637  <0.01%
BE 15.97 £ 9.19 11.56 + 6.49 4.68 <0.01*

TBW=Total body weight; BMI = Body mass index; BFP = Body fat percentage;
FW=Fat Weight; WL=weight to lose; BE= binge eating; *Significant difference
(p < 0.05) between the situations before X after.

In the present study, before the training, it was
verified the presence of (BE) at different levels. Such
results corroborate the findings of Melo and
Odorizzi (2009) and Papelbaum et al. (2005).
However in the present study, after the training
program there was a significant reduction in this
variable (p < 0.01), evidencing that the long term
RT can positively influence the reduction of BMI
and BE in individuals with type II DM. The
reductions in these variables may have occurred due
to the variations in the levels of leptin and adiposity
after the period of training, which in turn may have
influenced adjustments in the
involving hunger, because according to Kershaw and
Flier (2004) in human the circulation of blood leptin
is reflection of the acute changes in the energy
balance resulting from the increase or decrease in
caloric intake. For Negrio and Licinio (2000), the
body weight oscillations indirectly regulate the

mechanisms

concentrations of plasma leptin. The loss of body
weight leads to the reduction of plasma leptin and
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the increase, on the other hand, causes higher
concentration of the same.

Regarding the body composition, Cambri and
Santos (2006) applied a program with 12 weeks of
RT on type II diabetics, composed of 3 series of 12-
15 repetitions with three sessions per week, for the
main muscle groups and concluded that the RT is
effective for the increase in body mass and lean
mass, reduction in the percentage of body fat and
levels of capillary blood glucose. Castaneda et al.
(2002), by studying the effects of 16 weeks of
progressive RT on Hispanic men and women aged
over 55 years, verified a decrease of 2.2% in the
measurement of waist circumference (WC), even
with an increase of 0.3% in body weight. In both
studies, the reduction of body fat was followed by an
increase in the lean mass, which are beneficial
adaptations and desirable to improve the health
status, considering that obesity is always present in
type I1 DM.

In the present study, the training was able to
reduce significantly the total body weight (p < 0.01);
the index of body mass (p < 0.01); fat percentage
(p < 0.01); fat weight (p = 0.01); the weight to
lose(p < 0.01). These results corroborate the
findings of Cambri and Santos (2006) and Castaneda
et al. (2002) with regards to slimming. These effects
are important for the health of diabetics by reducing
cardiovascular complications, because according to
Jurca et al. (2004), the mechanisms by which the
muscular strength contributes to decrease the
obesity and its risk factors include the reduction in
the abdominal fat, improvement of triglycerides
concentration in the plasma, increase of HDL-C and
glucose control. For Tevisan and Burini (2007) the
strength training is effective to control the body
composition, whether by promoting increase of the lean
body mass or increasing the resting energy expenditure
(REE), allowing the reduction of the body fat.

Regardless of the benefits of the muscular
strength training on the body composition in terms
of reduction of body fat, the resistance exercises play
a key role in the maintenance of lean mass and in
contributing to the resting metabolic rate,
particularly when included the dietary restrictions
for treating obesity (MATSUDO; MATSUDO,
2006). Ropelle et al. (2005) affirm that the skeletal
muscle represents approximately 40% of the total
body mass, with important role in the glucose
metabolism, since this tissue is responsible for 30%
of the energy expenditure, being one of the main
tissues responsible for the capture, release and
storage of glucose.

Sousa et al.

The Table 2 describes the behavior of the blood
variables before and after the 12 weeks of training,.

Table 2. Mean values, standard deviation and Student t-test and
p value for the variables Glucose, Total Cholesterol,
Triglycerides, HDL, LDL, Insulin and Leptin, before and after
the training.

Variable Before After
Mean+ DP

164.03 + 69.63

Mean+ DP t P

147.26 £ 68.92  1.61 0.12

Glucose (mg dL™)

TC (mgdL") 230.32 £71.94 226.09 £87.51  0.35 0.73
TG (mgdL™") 188.71 £ 97.13  174.65 £ 99.58  1.00 0.32
HDL (mgdL™") 38.12 £9.15 48.65 £ 7.94 -5.87 <0.01*
LDL (mgdL™") 153.26 + 66.17 14541 £ 67.72  0.81 0.43
INS (mgdL™") 10.60 * 9.95 11.58 = 9.88 -0.98 0.34
LEP (mgdL™") 15.72 + 11.89 13.27 £9.73 335  <0.01*

TC=Total Cholesterol; TG =Triglycerides; HDL= High density lipoprotein; LDL=
Low density lipoprotein; INS=Insulin; LEP=Leptin; *Significant difference (p < 0.05)
between the situations before X after.

Regarding the blood fat, Cauza et al. (2005)
compared in two studies the benefits of weight
training and the endurance training (ET) in the
treatment of DM and verified a significant decrease
in the arterial blood pressure and in the blood
cholesterol levels (Total, HDL and LDL) for the
group that performed the strength training. As for
the body composition, the group which performed
weight training had 3.2 times more gain of muscle
mass and lost 2 times more fat than the group which
performed aerobic exercises. Silva et al. (2010) after
conducting a Meta-analysis of many studies on the
effects of RT on lipoprotein of low density,
suggested that RT may be promising in the
reduction of LDL-C levels mainly for adult men and
women, patients with type I and type II diabetes
mellitus, and women in pre-menopause, but not for
elderly population. Fahlman et al. (2002) in a study
involving 45 healthy women, aged between 70 and
87 years, without dietary restriction, who performed
10 weeks of RT, consisting of eight repetitions for
eight different exercises, verified a significant
reduction in the LDL cholesterol and total
cholesterol, without changes in the body weight.

In our sample it was possible to confirm that the
RT caused a significant increase in the HDL level (p
=< 0.01); as well as non-significant reductions from
the statistical point of view in the glucose level (p =
0.12); total cholesterol (p = 0.73) and in
triglycerides (p = 0.32) and LDL (p = 0.43), but
important to improve the health of individuals.
These results are similar to those found by Silva et
al. (2010) and Fahlman et al. (2002). Such evidences
support the capacity of RT to reduce the LDL-C,
although its effects on lipids are still modest and
variable, promoting important reductions in
morbidity and mortality in the population with heart
diseases, being particularly important to patients
with atherogenic dyslipidemia (SZAPARY et al,
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2003). Individuals with predisposition to coronary
artery disease (CAD) can achieve benefits from the
RT, decreasing the risks of atherosclerosis, by the
reduction in its factors, being the LDL-C levels the
main among them. In general, the changes in the
lipid profile induced by exercises occur through the
reduction of mass and body fat and through changes
in fat distribution and in the activity of enzymes that
regulate the metabolism of lipoproteins (CAMBRI;
SANTOS, 2006). Thus, the benefits of physical
exercise in the treatment of DM, can be identified
not only by the improvement of glucose control, but
also by reduction in the risk factors for
cardiovascular  diseases, because the
improves the lipid profile, as well as reduces the
arterial blood pressure (TASKINEN, 2002).

Regarding the leptinemia, it does not seem to be
altered after a session of low to moderate intensity
exercise, unless the exercise is extended
(MCMURRAY; HACKNEY, 2005). Besides, the
reduction in the leptin levels seems to occur after few
hours and/or days from the end of a prolonged physical
exercise, or even immediately after a prolonged
exercise session, but not short (PRADO et al., 2008).

Kraemer and Ratamess (2005) in a review on the
hormonal responses to exercise also concluded that
there were no changes in leptin levels in response to a
strength exercise session. However, Fantouros et al.
(2005)  verified significant reductions  (3-19%;
p < 0.01) after six months of a strength training
program in elderly people.

Fatouros et al. (2005) investigating different
intensities of strength training in elderly people with
overweight, employing (45-50% of 1 RM); (60-65%
of 1 RM) and (80-85% of 1 RM) respectively, in a
24 weeks-program, with three weekly sessions,
verified chronic reductions in the leptin levels, in
which for the group performed training of greater
intensity (80-85% of 1 RM) the eftects were of
greater magnitude. After 24 weeks of detraining, the
leptin values have increased again.

In our sample after 12 weeks of RT it was possible
to confirm a significant reduction of leptin from 15.72
+ 11.89 to 13.27 = 9.73 (p < 0.01), corroborating the
results of Kraemer and Ratamess (2005), and Fatouros
et al. (2005). Such evidences signalize to RT as an
exercise modality capable of regulating the leptin level
sat long term, assisting in the weight loss. The
reductions in the leptin plasma levels after physical
training are associated mainly with the reduction in the
amount of adipose tissue (EGUCHI et al., 2008). The
reference values for women with normal weight are up
to 15.1 ng mL"; for men with normal weight range
between 2 and 53 ng mL" and finally for obese

exercise
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(BMI > 27) with values around 7.02 and 55.04 ng mL"!
(OLIVEIRA, 2009).

As for the blood glucose, Fachineto et al. (2011)
analyzed the effects of six months of RT in
hypertensive and diabetic people and verified that
the blood glucose suffered an average reduction
from 181 to 95 mg dL™, (90.53%). Medeiros (2010)
observed a 23% increase in the glucose
metabolization after four months of strength
training, thereby improving the sensitivity of cells to
insulin, thus promoting the improvement in the
glucose pattern. Santa Rosa and Domingues (2006)
after 2 weeks of RT with 3 weekly sessions in a
group of adult men and women with type II diabetes
verified an average decrease of plasma glucose from
175.6 to 131.9 mg dL™' (p = 0.0024).

In the present study the values verified in the
blood glucose reduction, even not reaching statistical
significance, corroborate the findings of Fachineto et
al. (2011), Medeiros (2010) and Santa Rosa and
Domingues (2006), becoming a desirable effect to
this population. Katzer (2007) explained that the
increase in the glucose uptake as a result of physical
exercise may be due to the increase in the insulin
action caused by the enhanced metabolism, the
specific action of exercise on the glucose transporter
GLUT4 and the consequent increase of sensitivity
to insulin. Besides, in the period post-exercise, the
increase in the glucose uptake may be responsible
for hypoglycemias within 48 hours after physical
activity, being explained by replacement of glycogen
by cells and energy expenditure caused by the body
recovery. These effects have duration around 2-3
days; for that reason there are the prescriptions of
routines of at least three days a week interspersed,
being inadvisable for these and other reasons the
exclusive activities of weekends.

Regarding the insulin, Ibanez et al. (2005)
verified an improvement of 46.3% for sensitivity to
insulin in type II diabetics, after 16 weeks of
strength training performed twice a week. The
improvement in resistance to insulin was accompanied
by decrease of 10.3% in wvisceral fat; 11.2% in
subcutaneous fat; and decrease of 7.1% in fasting blood
glucose. Ciolac and Guimaries (2004) emphasized an
improvement of 22% in sensitivity to insulin after the
first exercise session, and in 42% after six weeks,
demonstrating acute and chronic effects on the
sensitivity to insulin.

In the present study, it was verified an increase of
the mean values of insulin levels, increasing from 10.60
ng dL" during the pre-training to 11.58 ng dL™ after 12
weeks of resistance training. In the sample there was
also a prevalence of individuals with overweight (50%)
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and obese (35.5%).These results are similar to Ibanez
et al. (2005). However, many studies aiming to clarify
the mechanisms involved in this relationship have
demonstrated that the alterations in sensitivity to
insulin associated with obesity are the result of
abnormalities in this hormone signaling in target
tissues. However, the biochemical basis involved in
these abnormalities are not yet completely defined
(MARREIRO, 2004). For that reason the physical
activity is decisive for the musculoskeletal sensitivity to
insulin. Trained, obese or normoponderal individuals
have less insulin than sedentary ones owing two
reasons: because regular physical activity increases the
muscle capacity in the circulating glucose uptake;
because decreases the intramuscular fat, which is
associated with the resistance to insulin. In reality,
active individuals have lower levels of triglycerides and
other intramuscular lipids (THEMUDO-BARATA;
MENDES, 2009). Besides, insulin and exercise use
different paths that lead to the activation of glucose in
the transport to the skeletal muscle, explaining perhaps
why patients with resistance to insulin can usually
trigger the transport of glucose in the muscle with
exercise, but not with insulin (CARDOSO et al.,
2007).

The adjustments occurred for blood variables in
the present study are benefits evidenced as capable to
improve the health of type II diabetic people, even
considering that some were not statistically significant.
In this sense, it is suggested that physical activities,
particularly the RT should be part of the treatment for
patients with type II DM, not only as a metabolic
control, but mainly to improve the health and quality
of life of these people, before a chronic pathology.

The Table 3 presents some significant statistical
correlations between different variables studied during
the two evaluation moments of the study, before and
after the training.

Table 3. Pearson’s linear correlation between the variables of the
study before and after the training.

Before After

Correlation r p r p
LEPX BMI 0.55 <0.01* 0.58 <0.01*
LEPX INS 0.29 0.09 0.43 0.01*
LEPX GLU 0.07 0.64 0.91 0.94
LEPX F% 0.75 <0.01* 0.58 <0.01*
LEPX FW 0.74 <0.01* 0.62 <0.01*
LEPX BE 0.37 0.03* 0.45 0.01*
BEX BMI 0.54 <0.01* 0.58 <0.01*
BEX BW 0.55 <0.01* 0.55 <0.01*
BEX TC 0.41 0.02% 0.29 0.09
BEX LDL 0.35 0.04* 0.29 0.09
BEX FW 0.45 0.01* 0.33 0.06

LEP = Leptin; INS = Insulin; GLU = Glucose; %F = Fat percentage; FW = Fat
Weight; BE=Binge eating; BMI = Body mass index; BW = Body weight; TC = Total
cholesterol; LDL = Low density lipoprotein *Significant difference (p < 0.05) between
the situations before X after.

Sousa et al.

The verification of high serum levels of leptin
corroborates the theory of resistance to leptin in
obese people (NCHS, 2007). This resistance to
leptin would be explained by a low sensitivity to the
action of the hormone; or the high serum levels of
leptin would lead to an inappropriate response
(relative deficiency of leptin), however, it is not clear
the reasons why high serum concentrations of
endogenous leptin are found in obese resistant to
leptin (GOMES et al., 2010).

In the present study, after 12 weeks of resistance
training, the decrease in the leptin values was
accompanied by the reduction of the BMI, fat
percentage, fat weight and binge eating. Some
correlations were significant, suggesting that the
long term resistance training may influence the
reduction in leptin levels, also imposing
modifications in binge eating and in some variables
of the body composition.

Feitosa et al. (2007) found that when leptin was
corrected per kilo of fat, it did not influence the lipid
profile and blood glucose in women with moderate
to severe obesity with similar fat percentage,
pointing out that leptin should not be considered a
factor that work independently from the lipid
metabolism. Ryan (2000), by studying obese women
after menopause found a reduction of 36% in the
leptin plasma level after 16 weeks of training with
weights, result associated with the reduction in the
body weight. Jiménez (2005) verified that the serum
levels of leptin and insulin in fasting were
significantly associated with the BMI, being higher
in obese than in non-obese (p < 0.0001), suggesting
a resistance to insulin in obese individuals.

In the present study, there was a low correlation
between leptin and insulin levels before 12 weeks of
RT, (r = 0.29; p = 0.09), but after 12 weeks this
correlation became significant (r = 0.43; p = 0.01),
showing that training influenced both insulin and
leptin levels.

Besides the leptin, insulin also reports the
adequacy of energy reserves to hypothalamus. These
two hormones are important for body weight
control in long term (RODRIGUES et al., 2003).
Although leptin is the prototype of the ‘body fat
signaling’, insulin may be considered as the second
fat signaling, which was relatively neglected by the
literature (NISWENDE, 2004). In eutrophic
individuals the high insulin plasma levels induce to
satiety. In obese, however, the dietary intake control
seems defective. In these individuals, even though a
larger amount of adipose tissue favors the increase in
insulinemia, this does not result in increased satiety
(VOLP et al., 2008).
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According to Ropelle et al. (2010) in regards to
obesity, the chronic intake of saturated fatty acids
(fats found in meats) interferes with hypothalamic
neurons, causing their inflammation and reducing
the anorexigenic response. The dietary intake
control is performed a priori by two hormones,
insulin and leptin. Consequently, when such
inflaimmation is measured by the excessive
consumption of fatty acids, insulin and leptin do not
work properly. Indeed, fatty acids can lead to a low-
grade subclinical inflammation. Therefore, they do
not allow the neuron to recognize well these
hormones, which reduce the intake.

In the present study, it was possible to show that
the reduction in the leptin levels may have influenced
the decrease of binge eating in the studied people,
which makes this effect highly beneficial, due to the
high presence of risks associated with food factors and
obesity in this population.

The high insulin can stimulate the adipose tissue
to produce leptin, inhibiting the production and
secretion of NPY, causing a reduction in the dietary
intake and an increase in the energy expenditure.
Independent of the adiposity, insulin may be
decisive for leptin concentration. The effect of
insulin on the leptin production decreases with the
resistance to insulin and with increased adiposity
(UEHARA et al., 2004).

Broom et al. (2007) evaluated the hunger
behavior (through a visual scale) in 9 eutrophic adult
men divided into 2 groups (exercise and control)
during and after the practice of exercise for a period
of 1 hour at 72% of the VO, max. The hunger was
lower during the first 3 hours for the exercise group
when compared with the control group (p = 0.013),
suggesting that hunger is suppressed during and
immediately after the exercise.

Martins et al. (2007) evaluated the influence of
60 minutes of exercise in cycloergometer,
employing 60% of the maximum heart rate on the
subjective sensation of hunger in a group of healthy
men and women with normal weight, after having a
standardized diet. They concluded that the acute
exercise of moderate intensity is capable of
temporarily decrease the hunger sensation and the
negative energy balance.

Conclusion

The program of 12 weeks of RT reduced the binge
eating in diabetics. This effect becomes important due
to decrease in the dietary intake and consequently
cardiovascular complications associated with obesity.
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Besides, the RT proved to be able of causing positive
adjustments in body composition, decreasing the fat
weight and the fat percentage, as well as causing slight
increase in the lean mass, which may have influenced
the body weight reduction and the BMI after 12 weeks
of training. Regarding the blood wvariables, it
demonstrated to cause positive adjustments, including
a significant reduction in the leptin and HDL levels.
The correlations verified between the variables
demonstrated that the decrease in the leptin levels
through the RT may positively affect the binge eating,
body composition and blood variables, emphasizing
the importance of leptin as an important regulator in
these variables levels. Given these evidences, it is
suggested the RT as a healthy and important alternative
of exercise, by the fact that its combined effects
promote the improvement of health status of type 1I
diabetic patients and contribute to improve the quality
of life, decreasing the risks associated with this disease.

References

ACSM-American College Sports Medicine. Diretrizes do
ACSM pra os testes de esforco e sua prescricao. Rio de
Janeiro: Guanabara Koogan, 2009.

ACSM-American College Sports Medicine. Diretrizes do
ACSM pra os testes de esforco e sua prescrigao. 8. ed.
Rio de Janeiro: Guanabara Koogan, 2010.

APPOLINARIQO, J. C. Transtorno de a compulsio alimentar
clinica emergente que responde ao tratamento farmacolégico.
Revista Brasileira de Psiquiatria, v. 26, n. 2, p. 75-76,
2004.

BLUNDELL, J. E.; GILLETT, A. Control of food intake in
the obese. Obesity Research, v. 9, n. 4, p. 263-270, 2001.
BROOM, D. R; STENSEL, D. J; BISHOP, N. C;
BURNS, S. F.; MIYASHITA, M. Exercise-induced
suppression of acylated ghrelin in humans. Journal of
Applied Physiology, v. 102, n. 6, p. 2165-2171, 2007.

CAMBRI, L. T.; SANTOS, D. L. Influéncia dos exercicios
resistidos com pesos em diabéticos tipo 2. Motriz, v. 12, n. 1,
p- 33-41, 2006.

CARDOSO, L. M,; OVANDO, R. G. M;; SILVA, S. F,;
OVANDO, L. A. Aspectos importantes na prescri¢io do
exercicio para Diabetes Mellitus tipo 2. Revista Brasileira de
Prescricao e Fisiologia do Exercicio, v. 1, n. 6,
p- 59-69, 2007.

CASTANEDA, C,LAYNE, J. E;MUNOZ-ORIANS,
L; GORDON, P. L; WALSMITH, J.; FOLDVARI, M,
ROUBENOFF, R.; TUCKER, K. L.; NELSON, M. E. A
randomized controlled Trial of resistance exercise training to
improve glycemic control in older adults with type 2 diabetes.
Diabetes Care, v. 25, n.12, p. 2335-2341, 2002.

CAUZA, E.; HANUSCH-ENSERER, U.; STRASSER, B,
LUD-VIK, B, METZ-SHIMMERL, S.; PACINI, G.;

Acta Scientiarum. Health Sciences

Maringa, v. 36, n. 1, p. 15-23, Jan.-June, 2014



22

WAGNER, O.; GEORG, P.; DUNKY, A;; HABER, P. The
relative benefits of endurance and strength training on the
metabolic factors and muscle function of people with type 2
diabetes mellitus. Archives of Physical Medicine and
Rehabilitation, v. 86, n. 8, p. 1527-1533, 2005.

CIOLAC, E. G.; GUIMARAES, C. V. Exercicio Fisico e
sindrome metabdlica. Revista Brasileira de Medicina do
Esporte, v. 10, n. 4, p. 319- 324, 2004.

DONATTO, D. K. F,; SILVA, L;; ALVES, S. C.; PORTO,
E.; DONATTO, F. Perfil antropométrico e nutricional de
mulheres praticantes de musculagio. Revista Brasileira de
Obesidade, Nutricao e Emagrecimento, v. 2, n. 9,
p. 217-221, 2008.

EGUCHI, R; CHEIK, N. C; OYAMA, L M,
NASCIMENTO, M. T. M,; TUFIK, S.; DAMASO, A.
Efeitos do exercicio cronico sobre a concentragio circulante
da Leptina e Grelina em ratos com obesidade induzida por
dieta. Revista Brasileira de Medicina do Esporte, v. 14,
n. 3, p. 182-187, 2008.

FACHINETO, S.; FRIGERI, E. R; OLIVEIRA, C. R;
CAVASSINI, I; CAMINI, J.; SAMPAIO, T. V. Efeitos do
treinamento resistido na pressio arterial e glicose sanguinea
em sujeitos hipertensos e diabéticos cadastrados na Estratégia
da Satide da Familia. Revista Digital-Buenos Aires, Ano
16, n. 156, s/p., 2011.

FAHLMAN, M. M.; BOARDLEY, D.; LAMBERT, C. P.;
FLYNN, M. G. Eftects of endurance training and resistance
training.on plasma lipoprotein profiles in elderly women.
Journal of Gerontology. Biological Science, v. 57, n. 2,
p- 54-60, 2002.

FATOUROS, 1. G.; TOURNIS, S;; LEONTSINIL D
JAMURTAS, A. Z,; SXINAM.; THOMAKOS, P,
MANOUSAKI. M.; DOUROUDOS, L; TAXILDARIS, K.,
MITRAKOU, A. Leptin and Adiponectin responses in
overweight inactive eldery following resistance training and
detraining are intensity related. The Journal of Clinical
Endocrinology and Metabolism, v. 90, n. 11,
p- 5970-5977, 2005.

FEITOSA, A.CR;; MANCINI, M. C.;; CERCATO, C;
VILLARES, S. M.; HALPERN, A. Relagio entre o perfil
metabdlico e niveis de leptina in obesos individuos. Arquivos
Brasileiros de Endocrinologia e Metabologia, v. 51, n. 1,
p- 59-64, 2007.

FREITAS, S; LOPES, C. S; COUTINHO, W,
APPOLINARIO, J. C. Tradugio e adaptagio para o
portugués da Escala de Compulsio Alimentar Periddica.
Revista Brasileira de Psiquiatria, v. 23, n. 4, p. 215-220,
2001.

FRUHBECK, G.; AMBROSL, J. A; MURUZABAL, F. J.;
BURRELL, M. A. The adipocyte: a model for integration of
endocrine and metabolic signaling in energy metabolism
regulation. American  Journal of Physiology,
Endocrinology and Metabolism, v. 280, n. 6, p. 827-847,
2001.

GEBER, S.; SOUZA NETO, J. J.; VASCONCELOS, F. P.
J. Leptina: O clo entre as reservas metabdlicas ¢ o ciclo
reprodutivo. Femina Brasil, v. 3, p. 45-47, 2000.

Sousa et al.

GOMES, F.; TELO, D. F.; SOUZA, H. P.; NICOLAU, J.
C.; HALPERN, A.; SERRANO JR., C. V. Obesidade e
doenca arterial coronariana: papel da inflamagio vascular.
Arquivos Brasileiros de Cardiologia. v. 94, n. 2,
p. 273-279, 2010.

IBANEZ, J.; MIKEL J.; NAKL, A. U,; LUIZ, F.; JOSE, L. L;
MARISO, G. U,; FERNANDO, I, ESTEBAN, M. G.
Twice-week —progressive resistance training decreases
abdominal fat and improves insulin sensitivity in older men
with type 2 diabetes. Diabetes Care, v. 28, 1. 3, p. 662-227,
2005.

JIMENEZ, M. C. Niveles séricos de leptina ¢ insulina
ensujetos obesos y no obesos. Anales de la Facultad de
Ciencias Médicas (Asuncién), v. 38, n. 1-2, p. 55-62,
2005.

JURCA, R; LAMONTE, M. J; CHURCH, T. S;
EARNEST, C. P.; FITZGERALD, S. J.; BARLOW, C. E,;
JORDAN, A. N.; KAMPERT, J. B.; BLAIR, S. N.
Association of muscle strength and aerobic fitness with
metabolic syndrome in men. Medicine and Science in
Sports and Exercise, v. 36, n. 8, p. 1301-1307, 2004.
KATZER, J. I. Diabetes Mellitus tipo II e atividade fisica.
Revista Digital-Buenos Aires, Ano, 12, n. 113, p. 1,
2007.

KERSHAW, E. E; FLIER, J. S. Adipose tissue as an
endocrine organ. The Journal of Clinical Endocrinology
and Metabolism, v. 89, n. 6, p. 2548-2556, 2004.
KRAEMER, W. J.; RATAMESS, N. A. Hormonal
responses and adaptations to resistance exercise and
training. Sports Medicine, 35, n. 4, p. 339-61, 2005.
MARTINS, C.; MORGAN, L. M.; BLOMM, S. R;
ROBERTSON, M. D. Effects of exercise on gut
pepetides, energy intake and appetite. Journal of
Endocrinology, v. 193, n. 2, p. 251-258, 2007.
MARREIRO, D. N.; GELONEZE, B.; TAMBASCIA, M.
A.; LERARIO, A. C.; HALPERN, A.; COZZOLINO, S.
M. F. A participa¢io do zinco na resisténcia a insulina
Arquivos  Brasileiros de Endocrinologia e
Metababologia, v. 48, n. 2, p. 234-239, 2004.
MATSUDO, V. K. R; MATSUDO, S. M. M. M.
Atividade fisica no tratamento da obesidade. Einstein,
v. 4, supl. 1, p. 29-43, 2006.

MEDEIROS, J. F. Efeitos do treinamento de forga na
satide do idoso. Revista Digital-Buenos Aires, Ano 15,
n. 148, s/p., 2010.

MELO, S. S; ODORIZZI, C. M. C. Diagnéstico
sugestivo de transtorno de a compulsio alimentar
periédica em portadores de Diabetes Mellitus tipo 2 e seu
efeito sobre o controle metabdlico. Einstein, v. 7, n. 3,
p. 302-307, 2009.

MELTZER, L. J.; JOHNSON, S. B.; PRINE, J. M,;
BANKS, R. A.; DESROSIERS, P. M.; SILVERSTEIN, J.
H. Disorderes eating, body mass, and glycemic control in
adolescents with type 1 diabetes. Diabetes Care, v. 24,
n. 4, p. 678-825, 2001.

MCMURRAY, R. G.; HACKNEY, A. C. Interactions of

metabolic hormones, adipose tissue and exercise. Sports
Medicine, v. 35, n. 5, p. 393-412, 2005.

Acta Scientiarum. Health Sciences

Maringa, v. 36, n. 1, p. 15-23, Jan.-June, 2014



Exercise and quality of life in diabetic

NCHS-National Center for Health Statistics. Health,
United States, 2007 with chartbook on trends in the
health of Americans. Hyattsville, 2007.

NEGRAO, A. B.; LICINIO, J. Leptina: o diilogo entre
adipécitos e neurénios. Arquivos Brasileiros de
Endocrinologia e Metabologia, v. 44, n. 3, p. 205-214,
2000.

NISWENDE, K. D.; BASKIN, D. G.; SCHWARTZ, M.
W. Insulin and its evolving partnership with leptin in the
hypothalamic control of energy homeostasis. Trends in
Endocrinology and Metabolism, v. 15, n. 8, p. 362-369,
2004.

OLIVEIRA, R. P. Valores de referéncia da leptina
plasmatica. Belém: Laboratério Beneficente Portuguesa,
2009.

PAPELBAUM, M.; APPOLINARIO, J. C; MOREIRA, R.
O.; ELLINGER, V. C. M.; KUPFER, R.; COUTINHO, W.
F. Prevaléncia de transtornos alimentares e comorbidade
psiquidtrica em uma amostra clinica de pacientes com Diabetes
Mellitus do tipo 2. Revista Brasileira de Psiquiatria, v. 27,
n. 2, p. 135-138, 2005.

PAPELBAUM, M.; APPOLINARIO, J. C.; MOREIRA,
R. O.; DUCHESNE, M.; KUPFER, R.; COUTINHO,
W. F. Distribuicio de transtornos alimentares em
individuos com diabetes melito do tipo 1 e do tipo 2:
descri¢io de dois casos. Revista de Psiquiatria do Rio
Grande do Sul, v. 29, n. 1, p. 93-96, 2007.

PRADO, E. S.; ALMEIDA, R. D.; MELO, L. A. Controle
do apetite e exercicio fisico: uma atualizacio. Revista
Brasileira em Ciéncia e Movimento, v. 16, n. 2,
p. 109-116, 2008.

RODRIGUES, A. M,; SUPLICY, H. L.; RADOMINSKI, R.
B. Controle neuroendécrino do peso corporal: implicagdes na
génese da  obesidade. Arquivos Brasileiros de
Endocrinologia e Metabologia, v. 47, n. 4, p. 398-409, 2003.
ROPELLE, E. R..; PAULL J. R.; CARVALHEIRA, J. B.
C. Efeitos Moleculares do exercicio fisico sobre as vias de
sinalizac¢io insulinica. Motriz, v. 11, n. 1, p. 49-55, 2005.
ROPELLE, E. R.; FLORES, M. B, CINTRA, D.
E; ROCHA, G. Z,;PAULI J. R;MORAR]I, J. S. C.
T.; MORAES, J. C,;PRADA, P. O.; GUADAGNINI,
D.; MARIN, R. M.; OLIVEIRA, A. G.; AUGUSTO, T.
M.; CARVALHO, H. F.; VELLOSO, L. A;; SAAD, M.
J; CARVALHEIRA, J. B. IL-6 and IL-10 Anti-
inflammatory activity links exercise to hypothalamic
insulin and leptin sensitivity through IKKb and ER stress
inhibition. PLoS Biology, v. 8, n. 8, p. 1-20, 2010.

23

RYAN, A. S.; PRATLEY, R. E.; ELAHIL, D.; GOLDBERG,
A. P. Changes in plasma leptin and insulin action with
resistive  training  in  postmenopausal ~ women.
International Journal of Obesity and Related
Metabolic Disorders, v. 24, n. 1, p. 27-32, 2000.
SANTA ROSA, S. M. S.; DOMINGUES, R. S. Efeitos de
um programa de exercicios resistidos sobre a
hiperglicemia, composi¢io corporal e for¢a em individuos
sedentirios com diabetes tipo II. Pesquisa em Saiide,
v. 4,n.1, p. 28-33, 2006.

SARTORELLI, D. S.; FRANCO, L. J. Tendéncias do
Diabetes Mellitus no Brasil: o papel da transi¢io nutricional.
Caderno de Satide Publica, v. 19, n. 1, p. 29-36, 2003.

SILVA, J. L.; MARANHAO, R. C.; MATOS VINAGRE,
C. G. C. Efeitos do Treinamento resistido na lipoproteina

de baixa Densidade. Revista Brasileira Medicina do
Esporte, v. 16, n. 1, p. 71-76, 2010.

SZAPARY, P. O.; BLOEDON, L. T.; FOSTER, G. D.
Physical activity and its effects on lipids. Current
Cardiology Reports, v. 5, n. 3, p. 488-492, 2003.
TASKINEN, M. R. Controlling lipid levels in diabetes.
Acta Diabetolédgica, v. 39, n,2, p. 29-34, 2002.
THEMUDO-BARATA, J. L.; MENDES, R. Insulino
resisténcia e atividade fisica. In: CARDOSO, H. (Org.).
Manual sobre insulino resisténcia. Lisboa: Sociedade
portuguesa de endocrinologia, diabetes e metabolismo,
2009. p. 112-117.

TREVISAN, M. C.; BURINI, R. C. Metabolismo de
repouso de mulheres pds-menopausa submetidas a
programas de treinamento com pesos (hipertrofia).
Revista Brasileira de Medicina do Esporte, v. 13, n. 3,
p. 133-137, 2007.

UEHARA, S. K;; ROSA, G.; DO CARMO, M. G. T.
Atualizacio sobre a sindrome metabdlica. Revista de
Metabolismo e Nutrigao, v. 8, n. 1, p. 6-14, 2004.

VOLP, A. C.; REZENDE, F. A. C.; ALFENAS, R. C. G.
Insulina: mecanismo de a¢io e a homeostase metabdlica.
Revista Brasileira de Nutricio Clinica, v. 23, n. 2,
p- 158-164, 2008.

Received on July 25, 2012.
Accepted on October 18, 2012.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Health Sciences

Maringa, v. 36, n. 1, p. 15-23, Jan.-June, 2014



