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Abstract: This study investigated the effects of whole-body circuit training using a weighted vest on plasma
resistin, cardiovascular disease risk factors, and cardiorespiratory fitness for normal-weight obese women. In
this study, thirty- six normal-weight obese women were divided into three groups: Weighted Vest Circuit
Training (WVCT) (n =12), Body Weight Circuit Training (BWCT) (n =12), and Control (CON) (n = 12). Whole-
body circuit training was conducted three times a week for eight weeks to compare and analyze plasma resistin,
cardiovascular disease risk factors, and cardiorespiratory fitness before and after training. Although there was
no significant baseline difference between the groups regarding skeletal muscle mass, it significantly increased
for the WVCT group after eight weeks. percent body fat significantly decreased for the WVCT and BWCT
groups, and there was a significant difference when the percent body fat of these two groups were compared
to that of the control group. Moreover, the WVCT and BWCT groups displayed a significant decrease in plasma
resistin, showing a significant difference from the CON group. The WVCT and BWCT group showed a
significant decrease in plasma IL-6, whereas the CON group showed a significant increase. VOamax significantly
increased post-training compared to before in the BWCT group and the WVCT group, and the WVCT group
showed differences between groups compared to the BWCT group and the CON group. None of the three
groups displayed significant changes in plasma hs-CRP, yet there was a significant difference between the hs-
CRPs of the WVCT and BWCT group and that of the CON group. In conclusion, whole-body circuit training
using a weighted vest efficiently improves body composition, plasma resistin, and cardiopulmonary fitness,
reducing cardiovascular disease risk factors in normal-weight obese women.

Keywords: circuit training; resistin; weighted vest; normal weight obesity; cardiopulmonary fitness;
Vo2max; IL-6; hs-CRP; cardiovascular; cardiovascular disease risk factors

1. Introduction

Obesity is the storage of excess fat in the body, and the obese population is increasing
exponentially worldwide [1]. Obesity increases the size and number of adipocytes, causing metabolic
disorders [2,3]. A previous study has reported that approximately 29 % of normal-weight women
were actually normal-weight obese [4]. Normal-weight obese individuals have a standard Body Mass
Index (BMI) yet a percent body fat of more than 30% and low skeletal muscle mass [5,6]. Furthermore,
normal-weight obesity has been reported to occur more frequently in women and damage the body
due to the high percent body fat [7,8].

Low skeletal muscle mass in normal-weight obesity reduces fatty acid oxidation and basal
metabolic rate, increasing visceral and abdominal fat [9]. Thus, it increases the percent body fat in the
body and inflammation, increasing the risk of developing cardiovascular disease [10,11]. It has also
been reported that normal-weight obesity is associated with a 2.2-fold higher incidence of
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cardiovascular disease than in the general population[2,12]. high body fat increases resistin, one of
the adipocytokines secreted by adipocytes. In turn, this in-creased resistin increases the
cardiovascular disease risk factors IL-6 (Interleukin-6) and hs-CRP (high-sensitivity C-reactive
protein), causing inflammation in the body [13]. The increased risk factors for cardiovascular disease
inhibit the insulin pathway and increase insulin resistance [14-16]. Therefore, normal-weight obese
individuals should reduce cardiovascular disease factors through improving body composition.

Circuit training is a training method that can simultaneously achieve body fat reduction and
skeletal muscle increase by stimulating the whole body through a sequence of regularly circulating
exercise forms (stations) [17,18]. Whole-body circuit training using body weight can achieve aerobic
and anaerobic training in a short time [19], so the effects of training can be obtained more efficiently
and in a shorter time than for complex training [20]. However, in some studies, circuit training using
body weight alone did not increase skeletal muscle mass. A previous study related to the above
reported that, for obese older women, while weight and body fat mass decreased, skeletal muscle
mass did not increase with 50-minute whole-body circuit training at 70 % HRmax three times a week
for 12 weeks [21]. In the case of normal-weight obese women, it is essential to reduce body fat.
However, since an increase in skeletal muscle mass increases energy consumption [22], it is essential
to improve the low resting metabolic rate by increasing the skeletal mass in normal-weight obese
women.

Recently, training has been conducted by wearing a weighted vest to increase skeletal muscle
mass and improve exercise performance. Training using a weighted vest develops nerve roots
through an increase in motor units compared to conventional training due to an increase in load.
Moreover, the, increase in mechanical stress activates mTOR (mammalian Target Of Rapamycin), a
muscle protein synthesis factor, and promotes muscle protein synthesis. The result is a significant
increase in both muscle strength and skeletal muscle mass [23,24]. In addition, in postmenopausal
women with osteoporosis, after treadmill aerobic training for 20 minutes at 50-60 % HRR(Heart Rate
Reserve) intensity three times a week for six weeks, the group wearing a Weighted Vest (8 % of body
weight) had lower body fat mass than the group not wearing a Weighted Vest. Moreover, wearing a
weighted vest was also found to be more effective for increasing skeletal muscle mass. Moreover,
more effective in increasing skeletal muscle mass [25]. Given these results, for normal-weight obese
women, whole-body circuit training performed wearing the Weighted Vest is expected to not only
reduce body fat but also increase skeletal muscle mass.

The research findings above allow predictions to be made about the positive results of whole-
body circuit training using a Weighted Vest. Circuit training using a weighted vest is expected to be
more effective for increasing skeletal muscle mass. The approach is also expected to reduce plasma
resistin concentration and cardiovascular disease risk factors as the percent body fat decreases and
increases skeletal muscle mass. In addition, the resulting changes in body composition are expected
to positively affect cardiovascular disease risk factors. This study aims to confirm the expected effects
of whole-body circuit training using a weighted vest on plasma resistin, cardiovascular disease risk
factors, and cardiopulmonary fitness.

2. Materials and Methods

2.1. Subjects

This study recruited as subjects normal-weight obese women in their 20s and 30s living in Seoul.
Through a pre-survey, normal-weight obese women who had no particular medical disease and had
not participated in a regular exercise program for the past six months were selected. In addition, only
normal-weight obese women who had not taken oral contraceptives within the last six months and
had regular menstrual cycles were recruited. This study was conducted with the approval of the
Korea University Bioethics Committee (KUIRB-2020-0279-01). Following the Declaration of Helsinki,
the purpose and procedures of this study were fully explained to the participants, and for
participation in the study the consent form and questionnaire were voluntarily filled out before
proceeding. The number of study participants was set to achieve an effect size 2 = 0.095, significance
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level 0.05, statistical power 0.85 in Repeated measures ANOVA within-between interaction using
G*Power (gpower.software.informer.com/3.1). As a result of G*Power calculation, the number of
participants was calculated as thirty people. Therefore, thirty-six participants were recruited,
considering dropouts due to injury or illness. Moreover, the participants were randomly placed into
the Weighted Vest Circuit Training (WVCT) group, Body Weighted Circuit Training group (BWCT),
and Control (CON) group. The body composition of the study participants is shown in <Table 1>,
and the criteria for determining normal-weight obesity were established based on the criteria applied
in previous studies [7]

BMI: 18-25 kg / m?

Percent Body Fat: more than 30 %

Table 1. Research participant characteristics.

Group CON (n=12) BWCT (n=12) WVCT (n=12) p-value
Age
(yrs)
Height
(cm)
Body
Weight 55.18 £5.93 57.56 + 6.94 57.54 + 8.41 ns
(kg)
BMI
(kg/m2)
Skeletal
Muscle Mass 20.58 £2.07 21.15+3.04 20.99 +2.98 ns
(kg)
Percent
Body Fat 32.19+1.93 32.82+2.25 32.53 +2.40 ns
(%)
WVCT : Weighted Vest Circuit Training; BWCT : Body Weighted Circuit Training; CON : Control; Values are
mean * SD; ns: non-significant difference.

27.00 £5.38 23.00+£2.26 24.25+4.27 ns

161.10 + 3.56 162.3 £ 6.19 162.50 + 5.85 ns

2120+ 1.64 21.81+£1.76 21.73+£2.10 ns

2.2. Experimental Design

This experiment was a randomized control experiment, and participants were tested before (PRE)
and after (POST) an eight-week treatment. Pre- and post-tests measured body composition, grade
exercise test, and blood pressure. The measurement procedure is shown in <Figure 1>.
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12 weeks, 3 times a week treatment and training
v
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Blood collection, blood pressure,
body composition, grade exercise
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v

Data analysis and statistics

Figure 1. Research Procedure.

2.3. Measurement

(1) Body Composition

The body composition of the study subjects was measured twice, before (0 weeks) and after (8
weeks). After fasting for 12 hours, the percent body fat, skeletal muscle mass, height, weight, and
body mass index of all participants was measured using a bioelectrical resistance meter (Inbody 570,
Biospace, Korea) and an automatic height weight meter (BSM 330, Biospace, Korea). The participants
were measured while wearing simple clothes (pants, short sleeves, shorts).

(2) Graded Exercise Test(Cardiorespiratory Fitness)

Excessive physical activity was prohibited 24 hours before the test, and the participants arrived
in the laboratory 1 hour before the graded exercise test measurement and were stabilized. After the
participants had lightly stretched as a warm-up, rested until reaching a stable heart rate and worn a
gas mask, the test began. Following the Modified Bruce Protocol, a treadmill was used for the graded
exercise test. During the test, VO2max was measured using a respiratory gas analyzer (Quark b2,
Cosmed, Italy), and the internal temperature and humidity of the laboratory were maintained at 22 °C
and 50 %, respectively. Heart rate was monitored throughout the exercise using a wireless heart rate
monitor (R5400, Polar, Finland). Following the Modified Bruce Protocol, the load started at 1.7 mph,
and the speed and gradient were increased every 3 minutes until the participants were exhausted.
The criteria for discontinuation of the test were the respiratory exchange rate being 1.15 or higher,
the oxygen intake remaining at a plateau despite increased exercise intensity, or the participant
voluntarily expressing her intention to give up [26].

(3) Blood Sampling and Blood Pressure Measurement

The participants’ menstrual cycles were noted, and blood was collected in the follicular phase
when the hormone cycle was most stable for the blood. Participants visited the laboratory to give
blood samples after fasting for 12 hours. After resting for 30 minutes, the blood pressure of the
brachial artery was measured using a blood pressure monitor (HEM-7121-E, Omron, Japan).
Afterward, samples were collected from the central forearm vein once before and after. All blood
samples were separated into plasma and serum by centrifugation at 3000 rpm for 15 minutes
immediately after blood collection and stored at -80 C°. The collected blood samples were used to
analyze plasma resistin, IL-6, hs-CRP, total cholesterol (TC), HDL-C (High Density Lipoprotein
Cholesterol), LDL-C (Low Density Lipoprotein Cholesterol).
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2.4. Training Protocol

Whole-body circuit training was performed three times a week for eight weeks. Before and after
training, a 5-minute stretching routine was performed as warm-up and cool-down. Modifying and
supplementing the whole-body circuit training protocol of the previous study[20], the training
protocol included nine exercise stations that used the large muscle groups of the whole body (Figure
2). The calorie consumption during training was adjusted to 200 kcal before the program was carried
out. In addition, the weight of the weighted vest was 10% of the body weight, and the load was set
by rounding to one decimal place. During exercise, the training intensity and amount of exercise was
monitored using a wireless heart rate monitor and a momentum meter (A370, Polar, Finland). The
target heart rate was set according to the Karvonen formula [(resting heart rate x 60-70 %) + resting
heart rate], and 2-3 SETs were performed according to the amount of exercise required. 1 minute
break time was given between sets. Before the experiment, to adapt to the equipment and injury
prevention, all participants wore a weighted vest of 5 % of their body weight twice a week for two
weeks. They then proceeded with just 1 SET of the Whole-body circuit training protocol.

Start
Jumping jack Crunch
Warm up (5min)
3
Squat 9 Station Squat jump
Station — exercise (30s) , 15 repetition 1
Y 4 B 2
Station rest (10s)
3
Pitch HR max 60-70% Burpee
L 3
‘, 2-3 Set, Set rest '
(1min)
L 2
Plank Cool Down (5min) Push up
Lunge

Figure 2. Training Protocol.

2.5. Data Analysis

All the data collected in this study was statistically processed using SPSS ver. 25.0 (SPSS Inc,
Chicago, USA). All parameters are presented as mean and standard deviations. Repeated measures
ANOVA was conducted to determine the difference between the measured values of the three
groups, and the Bonferroni method was used as post hoc test. If no interaction was apparent, the
main effect of the independent variable was confirmed, and the statistical significance level was set
atp <.05.

3. Results

The results of this study were derived by analyzing the differences in the data before and after
eight weeks of training by normal-weight obese women.

3.1. Changes in Body Composition

<Table 2> shows the results of analyzing changes in body composition.
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Table 2. Descriptive statistics of Body Composition.
CON BWCT WVCT
Variable (n=12) (n=12) (n=12) ja p
PRE POST PRE POST PRE POST
Body Time 9.567  .028*
Weight 56.76 +593 5455+3.80 57.56+6.94 56.50+626 57.54+841 5500£7.19  Group 361 700
(kg) Time x Group 892 419
Time 1192 283
BMI 2158+ 21.02+ 21.80 + 2142+ 2173+ 21.66 + G o s
(kg/m2) 1.64 1.17 1.76 1.58 2.10 2.59 _ =roup ‘ ‘
Time x Group  .238 .789
Time 3012 092
keletal
?\Aisectlae 20.58 + 20.25 + 2115+ 2152+ 20.99 + 213+ Group 733 488
2.07 1.30 3.04 2.42 2.98 2.99 -
Mass(kg) Timex 5 1g3 oaor
Group
Time 38194 .000%*
Pgri:“t 3219+ 3229+ 32.82+ 3021+ 3253+ 29.63 + G 7 e
oy 1.93 1.98 2.25 2.08 2.40 211 roup : :
Fat(%) Time x Group 10721 .000**

Mean + SD; * p < .05; ** p <.001.

Body Weight (kg), after eight weeks of training, showed no interaction between time and group
(df=2, F=.892, p=.419). There was a significant difference when comparing time points by group (p
= .028), but no significant difference occurred when comparing the main effects (p = .080; p = .051; p
=.609).

BMI (kg/m?) did not show any change.

An interaction between the time point and group in Skeletal Muscle Mass(kg) was found (df=2,
F=3.193, p=.042). In the WVCT group, Skeletal Muscle Mass increased significantly post- compared
to pre-training (p = .000). There was no significant change between the BWCT group and the CON
group post and pre (p = .448; p = 477).

Interaction between the time point and group was apparent regarding Percent Body Fat (%) (df
=2, F=10.721, p = .000). For the WVCT group and the BWCT group, Percent Body Fat decreased
significantly between pre- and post-training (p =.002; p =.002), whereas for the CON group it did not
(p =.740). Furthermore, considering Percent Body Fat, post-training, the WBCT group and the BWCT
group showed significant difference to the CON group (p =.003; p =019).

3.2. Changes in Cardiorespiratory Fitness

<Figure 3> shows the result of analyzing changes in VOzmax(ml/kg/min).

After eight weeks of training, there was an interaction between time and group in VOamax
(ml/kg/min) (df=2, F=4.899, p=.014). In the WVCT and BWCT groups, VOzmax significantly increased
post-training compared to before (p =.000; p =.040). In contrast, the CON group showed no significant
change (p = .743). The WVCT group showed a significant increase in VOamax compared to the BWCT
and CON groups (p =.004; p = .001).
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Comparison of changes in VOzmax.
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Figure 3. Changes in Cardiorespiratory Fitness.

3.3. Changes in Plasma Resistin.

Resistin (ng/ml) showed an interaction between the time point and group (df =2, F = 8.528, p
= .001). For the WVCT group and the BWCT group, there was a significant decrease post-training
compared to pre-training (p =.000, p = .006), whereas the CON group had no significant difference (p
=.306). After training, the WVCT and BWCT groups showed significant differences compared to the

CON group (p =.001; p =.007) (Figure 4).

Resistin
(ng/ml)

CON BWCT WVCT

Comparison of changes in Plasma Resistin.
*1p <.05; # WVCT vs CON; $: BWCT vs CON

Figure 4. Changes in Plasma Resistin.

3.4. Changes in Cardiovascular Disease Risk Factors

<Table 3> shows the results of analyzing changes in Cardiovascular Disease Risk Factors.
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Table 3. Descriptive statistics of quantity of Cardiovascular Disease Risk Factors.

CON BWCT WVCT
Variable (n=12) (n=12) (n=12) F 2
PRE POST PRE POST PRE POST

Time 20.649 .000**

( 117;21) 21.20+3.36 19.84+595 20.03+4.04 15.14+4.70 1995+3.98 13.30+3.72 Group 4.458 .019*
P& Time x Group 2.698 .082
Time 4.433 .043*
TC 170.75 + 172.08 + 183.08 + 179.42 + 189.33 + 169.75 + G 453 639
(mg/dL) 3110 28.60 28.05 30.31 32.96 21.41 | oToup ' '
Time x Group 3.303 .049*
Time 5.816 .022*
LDL-C 99.92 + 101.92 + 111.33 + 109.33 + 109.67 + 87.75 + Group 913 411
(mg/dL)  28.15 27.93 17.41 13.12 30.69 22.66 Time x
5.962 .006*
Group
Time 1.807 .188
HDL-C 61.92 + 57.33 + 62.75 + 59.50 + 66.25 + 68.25 + Group 2166 131
(mg/dL) 5.92 5.12 16.81 11.55 10.23 8.58 : «
Time 1930 161
Group
Time 1577 218
SBP 11217 = 111.33 = 113.42 + 111+ 828 104.92 + 10142 + Group 4.679 .016*
(mmHg) 973 10.82 9.69 = 11.97 7.42 Time x
187 .831
Group
Time 2393  .131
DBP 72.58 + 76.14 + 71.75 = 73.50 £ 70.75 72.58 + Group 1.565 .224
(mmHg) 3.68 6.63 6.87 5.84 6.40 598 o
Time 150 861
Group
Mean + SD; * p < .05; ** p < .001; TC: Total Cholesterol; SBP: Systolic Blood Pressure; DBP: Diastolic Blood
Pressure.

After eight weeks of training, IL-6 (pg/ml) showed no interaction between time and group (df =
2, F =20.698, p = .082). With the WVCT and BWCT groups, there was a significant decrease post-
training compared to before (p = .000, p = .003). There was no change for the control group (p = .557).
After training, the WVCT and BWCT groups significantly decreased in IL-6 compared to the CON
group (p =.022; p =.038).

For hs-CRP (mg/L), an interaction between the time point and group was found (df=2, F =13.206,
p =.000). There was a significant increase in the CON group post-training compared to the pre-group
(p = .003), but no change was observed with the WVCT and BWCT groups (p = .075; p = .135). After
training, the WVCT and BWCT groups showed intergroup difference compared to the CON group
(p=.035; p=.013).

For TC (mg/dL), an interaction between the time point and group was found (df =2, F =3.303, p
= .049). With the WVCT group, there was a significant decrease in post-training compared to pre-
training (p = .016), but no change was observed with the WVCT and CON groups (p = .569; p = .784).

For LDL-C (mg/dL, an interaction between the time point and group ) was observed (df=2, F =
6.292, p = .005). The WBCT group showed a significant decrease post-training compared to the pre-
training (p = .011), but no change was found in the BWCT and CON groups (p = .562; p = .668).

With HDL-C (mg/dL), there was no interaction between the time point and group (df =2, F =
1.930, p =.161). There was a significant decrease in the CON group post-training compared to the pre-
training (p = .000), whereas no change was observed in the WVCT and BWCT groups (p = .479; p =
.342). After training, the WVCT group showed a group difference compared to the CON group (p =
.014).

With SBP (mmHg), there was no interaction between the time point and group (df =2, F =187,
p = .831). After training, the WVCT group exhibited an intergroup difference compared to both the
BWCT and CON groups (p = .039; p = .032).

For DBP (mmHg, there was no change, either between time points or groups.
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3.5. Changes in Rate of Improvement in Normal-Weight Obesity

The improvement rate (%) of normal-weight obesity was 58.33% for the WVCT group and 25%
for the BWCT group, improving only in the two groups, and no change was observed in the CON

group.
4. Discussion

This study confirmed the effects for normal obese women of whole-body circuit training using
a weighted vest for eight weeks to improve body composition in terms of plasma resistin,
cardiovascular disease risk factors, and Cardiorespiratory Fitness. Comparative groups were
compared and analyzed.

Regarding body composition, this study showed that skeletal muscle mass increased
significantly in the WVCT group, and percent body fat decreased significantly in both the WVCT and
BWCT groups. Circuit training is a method in which short breaks are set during resistance training,
and these short breaks during exercise stimulate growth hormone secretion [27]. In addition, circuit
training using the whole body has the effect of simultaneously reducing body fat through aerobic
training and maintaining Skeletal muscle mass through resistance training [28]. According to
previous studies, aerobic training performed by postmenopausal women with osteoporosis using a
treadmill for 20 minutes at an HRR of 50-60% intensity wearing a weighted vest 4-8% of body weight
three times a week for six weeks causes skeletal muscle mass to significantly increase [25]. The
increased mechanical load promotes the secretion of growth hormone, IGF-1(Insulin Like Growth
Factor-1) and anabolic hormones and activates mTOR [29-31]. The current study concluded that,
using a weighted vest for whole-body circuit training rather than conventional whole-body circuit
training, body composition was improved due to the increased mechanical stress.

Conducting whole-body circuit training for eight weeks with normal-weight obese women
caused VOzmax to significantly increase in both the WVCT group using a Weighted Vest and the BWCT
groups without. The effect was significantly higher in the WVCT group post-training. Simultaneous
training, involving both aerobic and resistance training, reduces muscle oxygen saturation and
increases active oxygen in the body, stimulating hypoxia-inducible factor HIF-1a(Hypoxia-inducible
factors-1-alpha). When HIF-1a is stimulated, PGC-1a (Peroxisome proliferator-activated receptor
gamma coactivator 1-alpha) is activated to increase cardiorespiratory fitness [32]. In addition,
increased mechanical stress due to exercise has been reported to increase reactive oxygen
species[33,34]. In this study, after training VOzmax was found to be higher in the WVCT group than in
the BWCT group. This extra improvement was thought to be caused by the increase in mechanical
stress due to the weighted vest leading to increased active oxygen in the body, thereby further
increasing VO2max.

Resistin is one of the adipocytokines secreted by adipocytes and promotes cardiovascular
disease by increasing inducing inflammation [35]. Plasma resistin concentration has also been
reported to correlate positively with body fat mass [36,37]. In this study, the plasma resistin
concentration was significantly decreased in both the WVCT and BWCT groups. In previous studies,
plasma resistin concentration decreased mainly though aerobic and combined training [38,39]
Aerobic exercise training by women in their 20s using a treadmill at 70 to 80 % HRmax, for eight weeks
four times a week, was found to cause plasma resistin concentration to decrease [40]. Similarly,
plasma resistin concentration was found to significantly decrease in a study of overweight
adolescents undergoing aerobic training using a treadmill, rowing machine, and cycle ergometer at
an intensity of 60 to 85% VOamax 3 times a week for eight weeks [41]. Previous studies reported that
the decrease in plasma resistin concentration resulted from a decrease in body fat, and it is thought
that the reduction of plasma resistin concentration in this study is also due to the decrease in the
percent body fat.

Normal-weight obese people have a body weight and BMI within the normal range, but their
percent body fat is the same as that of obese people. A high percent body fat increases cytokine IL-6,
an inflammatory substance, and promotes hs-CRP production in the liver [42]. The increase in IL-6
and hs-CRP deteriorates vascular function and promotes cardiovascular disease. The results of this
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study show that the concentration of plasma IL-6 is significantly decreased in both the WVCT and
BWCT groups. While there was no significant difference in hs-CRP, there was a decreasing trend in
the WVCT and BWCT groups. In a previous study conducting combined training five times a week
for eight weeks, plasma IL-6 and CRP concentrations were found to be significantly reduced[43]. In
the current study, the concentration of plasma IL-6 decreased, and the concentration of hs-CRP in
blood tended to decrease. The level of resistin in the blood affects the level of IL-6 because it activates
NF-kp and AP-1 [15]. Therefore, the decrease in plasma IL-6 concentration in this study results from
the decrease in resistin concentration. It has also been reported that hs-CRP is a protein affected by
diet, age, training intensity, and training duration [44]. The lack of change in plasma hs-CRP
concentration is thought to be due to the participants’ lack of control over daily life and low initial
fitness levels.

Total cholesterol and LDL-C cause hypercholesterolemia and increase the prevalence of
cardiovascular disease. In addition, total cholesterol and LDL-C positively correlate with the percent
body fat [45,46]. In the current study, serum total cholesterol and LDL-C levels were found to
significantly decrease only in the WVCT group. In a previous study in which circuit training was
undertaken for 30 minutes twice a week for 12 weeks by middle-aged women, serum total cholesterol
and LDL-C levels decreased. LDL-C concentration in obese men decreased due to 60-minute Whole-
body circuit training at 60% HRmax intensity three times a week for 12 weeks [28]. Previous studies
have reported that this results from a decrease in body fat. In the current study, the reduction in LDL-
C and total cholesterol in the WVCT group is thought to result from improved body composition.

HDL-C prevents cardiovascular disease and plays a role in protecting blood vessels. This study
showed no significant change in serum HDL-C concentration after training. In another study,
complex training, aerobic training, and resistance training conducted five times a week for 12 weeks
with obese people led to no significant change in HDL-C concentration in all groups [47]. Another
study, in which circuit training was conducted three times a week for 12 weeks with obese female
college students, showed no change in blood HDL-C concentration [48]. Previous studies reported
that blood HDL-C did not increase because it was affected by diet, training intensity, type, and time.
Therefore, the result of this study is considered to be the result of the same reason as the previous
study, and it is considered that the HDL-C concentration in the blood of the research subjects did not
increase further because it was within the normal range.

Blood pressure is closely related to cardiovascular and stroke diseases. Blood pressure has been
found to be directly related to cardiovascular disease and cause various complications [49]. The
results in the current study show that systolic blood pressure was significantly reduced in the WVCT
group compared to the BWCT group, and no significant change occurred in diastolic blood pressure.
It has been reported that blood pressure decreases when aerobic training is performed at an intensity
of 70 % VOamax or higher [50]. In this study, it is considered that the participants’ blood pressure was
within the normal range and at a relatively normal level; therefore, no change was seen.

In this study, normal weight obesity was improved only in the WVCT and BWCT groups, with
the WVCT group showing a higher improvement rate of 58.33 % compared to that 25% for the BWCT
group. These results show the effect of training using the Weighted Vest, and it is thought that the
percent body fat decreased further as the skeletal muscle mass increased.

5. Conclusions

In conclusion, 8-week weighted vest circuit training conducted on normal-weight obese women
is more effective in improving plasma resistin, cardiovascular disease risk factors, and
Cardiorespiratory Fitness than body-weighted circuit training, despite the same intensity and
amount of exercise. Although the body weight and body mass index did not show significant
differences, the percent body fat decreased, and skeletal muscle mass increased. positively affects
plasma resistin, cardiovascular disease risk factors, and Cardiorespiratory Fitness. Whole-body
circuit training using a weighted vest effectively improves plasma resistin, cardiovascular disease
risk factors, Cardiorespiratory Fitness, and body composition for normal-weight obese people with
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high percent body fat and low skeletal muscle mass. It will also be an effective exercise method for
normal-weight obese people with low physical fitness.

This study conducted whole-body circuit training using a weighted vest for eight weeks on
normal-weight obese women, and the percent body fat decreased. Furthermore, the skeletal muscle
mass increased. In future studies, it would be helpful to check anabolic hormones such as growth
hormones to confirm the effect of the Weighted Vest on normal-weight obese people more closely.
Also, Insulin resistance and fasting blood glucose associated with type 2 diabetes should be checked.
It would also be helpful to check changes in body composition, resistin, cardiovascular disease risk
factors, and cardiorespiratory fitness by diversifying the load and exercise method (station motion,
intensity).
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