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ABSTRACT

We examined the effects of an 8-week modified high-intensity circuit training using body
weight as resistance (HICTBW) on health-related physical fitness in sedentary obese women.
METHODS: Twenty-four sedentary obese women were allocated into the HICTBY or a non-
training control group (CG). The modified HICTBWY was performed for 8 weéks (3 times per
week). Training consisted of a 30-second workout and 10-second rest for 12 exefcise poses per
1 circuit (1 circuit in the first week), with an increase of 1 circuit every 2 weeks. Body-weight
and body composition included skeletal muscle mass (SMM), body fat mass (BFN4), body fat
percentage (BF%), visceral fat area (VFA), and skeletal muscle mass to visceral fat area ratio
(MFR) were measured. Physical fitness included flexibility of the iower back and hamstrings
(FlexLH), and leg and handgrip muscle strength (Strengthieq; Strengthng). Cardiovascular
endurance included the Astrand-Rhyming heart rate (HRadrand). (relative maximum oxygen
uptake (relative VOzmax), and workload.

RESULTS: All variables were obtained Gt baseling; week-4, and week-8. The HICTBW
improved Flex.n, Strengthieg, -and refative VOssax from baseline to week-4 (All P<0.05).
Improvements fiom baseline to week-8 werg observed for SMM, BFM, BF%, VFA and MFR,
Flexvn, Strength sq, HR Asirahts,) relative VOomax, and workload (All p<0.05). Furthermore, the
HICTBW elicited a highier change in SMM (+2.9%), BFM (-3.4%), BF% (-3.2%), MFR
(+9.5%), Flex,n (+145.7%) and relative VOamax (+32.3%) than the CG at week-8 (All P<0.05).
CONCLUSIONS: An 8-week modified HICT®Y program thrice a week is an effective training

modality to influence health-related physical fitness in sedentary obese women.

Keywords: High intensity circuit training- Obesity- Body composition - Muscle-to-fat ratio

— Body weight resistance
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Introduction

The prevalence of obesity continues to increase around the world * and has become a major
problem in many Southeast Asian countries 2. Obesity is one of the major risk factors for non-
communicable diseases including coronary heart disease, type 2 diabetes, stroke) and cancer 3.
Sedentary behavior along with intake of an unhealthy high energy diet has been. directly
associated with excessive weight gain *. Healthcare providers-offer-various therapies, e.g.
dietary therapy and pharmacotherapy, and physical activity and-exercise guigiance for people

with weight management issues °.

The American College of Sports Medicine advocates the benefits of regular exercise,
with a combination of resistance and aerobic exercise for sedentary people. Whereas resistance
exercise is well documented to<improve musculoskeletaizfunction, aerobic exercise can
decrease fat mass and resting /heart iate, anddncrease:-maximal oxygen consumption. The
combination of these two exercises is knowt as high=intensity circuit training (i.e. HICT), and
can provide more beneficial effects than performing each type of exercise separately & 7. In
2013, Paoli'et al.“reportedthat-a HICT (3 times per week, 50 min per session for 12 weeks)
with resistance” exercise, stations providing the external load (i.e. HICTdionay \yas more
effective for berieficial changes of body composition and blood lipids (i.e. lipoproteins and
triglycerides) in middle-aged overweight men compared to low-intensity circuit training and
endurance training. In addition, Miller et al. ® showed that 4 weeks of HICT for a total of 6
hours of exercise (3 times per week, 30 min per session), with a program of increasing the
amount of weight lifted for each repetition during resistance exercise, improved health-related

physical fitness parameters, i.e., body composition, blood profiles (i.e. cholesterol,

triacylglycerol, and insulin) and work capacity in sedentary obese men.
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Because of the prescribed demand for an increase in exercise intensity in a HICTraditional
program, there is evidence of adverse effects during the training with muscle soreness and pain
being reported 810, Sperlich et al. ° showed that the overweight women who trained with the
HICTaditional hrogram perceived more pain after the 9-week intervention than those who trained
in combination with high-volume, low-intensity exercise. Consequently, “the unpleasant
feelings of pain caused by the high load required in the HICTd1nal hrogram might discourage

participation and adherence by sedentary obese women.

Instead of the HICTvditional nrogram, the HICT using only bodyweight'as a form of
resistance (i.e. HICTBW) was firstly introduced by Klika and Jordan i:2013 L. It is well
documented that HICTBW is an accessible and &pplicabie training rrodality to promote health-
related physical fitness for untrained individuals. For example, Schmidt etal.(2016) * designed
an 8-week HICTBY program (3 times per-week, 7 mify per session) for recreationally active
young men and women and reparteddimprovemerit‘of muscie stiength in men, whereas aerobic
fitness was improved onlyin active womedn. In additiGh; our previous study found that a 4-
week HICTBW program (3-times per week withdhe’volume gradually increasing from 1 circuit
in week-1, 2 circuits Inweeks 2-and 3, and 3-circuits in week-4, respectively) could improve
cardiorespiratory fitness in sedentary women 2. This gives rise to the question that whether the
HICT®Y program would provide benefits in sedentary obese women. Therefore, this study
aimed to examine the effects of an 8-week HICTBW training program on body composition,
flexibility, strength, and cardiovascular endurance in sedentary obese type | South-East Asian

women.
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Materials and methods

Participants

In this study, sample size estimates were calculated from a previous study = using G*Power
3.1.9.2 analysis (Effect size: f = 1.22, Alpha = 0.05, power = 0.8, sample size = 8, critical t =
2.36, Lambda = 3.47). Therefore, 8 plus 4 participants in each group (n=12, added 50%
dropout) and 24 participants in total. The study was started in May 2017 and completed in May

2018.

Twenty-four sedentary, obese type | South-East Asian wemen (BMI = 25-29/9kg-m?) 1, aged
between 26 to 35 years, were selected based on theii-peak oxygen uptaka {VOzpeak < 30 mL-kg"
Lmin?) '° Interviews and physical activity<questionnaires confisrmied that participants had
sedentary lifestyles by performing only activities of daily living withgut engaging in any other
organized exercises. Exclusion <criteria included musculoskeletai disorders, hypertension,
diabetes, or any other known-meadicai conditiens, tse of prescription medications including
nutritional supplements, and. smoking. Farticipants_iwere instructed not to undertake any
activities that differed from-their usualroutines and not to change their dietary habits during
the study period. Afterthe exptanation of thie protocols, benefits, and possible risks of the study,

a written inforimed consentform was provided. The experimental procedure was approved by

the local Ethics Committee on Human Experimentation.

Experimental design

The overall timeline of the study is illustrated in Figure 1. A familiarization session was
performed within a week before data collection. The participants were randomly divided by
employing a computer program into 2 groups; a HICTBW (n=12) and a non-training control
group (n=12, CG). Baseline measurements were done within a week before assigning the

participants to one of the interventions, whereas post-measurements (week-4 and week-8) were
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conducted within 2 days after completion of half and the complete program. Measurements
were performed in the morning after a time of two hours from the same light breakfast.
Participants were advised to avoid any strenuous activity for 24 hours prior to the test and avoid
a heavy meal or caffeine within 2 to 3 hours of testing, and keep normal hydration status
thoughout the testing session. The orders of measurements were started with ‘physical
characteristics and body composition measures, physical fitness measures,.arnd-cardiovascular
endurance measures, respectively.

Measurements

Physical characteristics and body composition measures

Age (yrs), body weight (BW, kg), height (cm), seated resting heart rate (HRResting, bpm), and
blood pressure (BP, mmHg) were recorded for each participant:Height and BW were measured
with participants barefooted. Height was measured te'the neargst.0:5 cm using a calibrated
stadiometer. Body mass index (BMl) was calculated according to the formula of BW (kg)

divided by the square of the bedy height (mj);

Body compositicn variables were assessed using bioelectrical impedance analysis (BIA). The
InBody720.(Riospace Co. Ltd., Seoul, Republic of Korea) was used to obtain body fat mass
(BEM), skeletal’muscle_mass (SMM), body fat percentage (BF%), visceral fat area (VFA)
foilowing protocol guidelines from the manufacturer. The values for skeletal muscle mass to
visceral fat area ratio (MFR) were derived from SMM values divided by VFA values. For the
BIA measurements, participants were required to be in a fasted state for a minimum of 12-h.
In addition, participants were barefoot, had cleaned their hands and feet and were not wearing

any metal.
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Physical fitness measures

The flexibility of the lower back and hamstrings (Flex.n) was measured using a sit and reach
box €. Participants sat with their heels firmly against the testing box. Participants kept their
knees extended and placed their right hand over the left, with the long fingers even, and reached
forward as far as they could by sliding their hands along the measuring board. A tape measure
on the top of the measuring board indicated in centimeters how far beyend the toes each

individual reached. Three trials were performed, and the average was used for data analysis.

A handgrip dynamometer (Takei A5401 Digital Hand Grip Dynamometer, Jejsain) was used for
testing strength of the right and left hands (Rt. .And Lt. Strengthyc).\The participant was
standing with the dynamometer in the hand<of their choice and with the arm extended and
slightly separated from the trunk. The grip of the dynamemeter is adjusted to the size of the
hand to bring the second joint of the ferefinger approximately e a right angle. The participants
squeezed the handles with maximal effort fors-s.The:measurement, which was recorded to
the nearest 0.1 kg, was performed twice, @nd thechighest value was retained. A 1-min break
was permitted between the measurements. Thevalues of Rt. And Lt. Strengthnc were divided

by the participant’s BW to calcuiate the reiative Strengthnc.

Maximum ‘isoimetric jeg muscle strength (StrengthLeg) was evaluated using a back and leg
dynamameter (Takei Instruments Ltd, Tokyo, Japan) *’. After 3 min of independent warm-up,
the participant stood on a platform with the scapulae and buttocks positioned flat against the
wall. Participants flexed their legs in the angle of 135 degrees. The participants’ held the hand
bar using a pronated grip, positioned across the thighs by adjusting the length of the chain.
Next, by straightening the knees and lifting the chain of the dynamometer without leg contacted

to the dynamometer's grab handle, the maximal pulling force was applied to the handle.
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Maximum performance would result when the legs almost straight at the end of the lift. The

test was performed three times with a 30-s rest interval and the highest value was selected.
Cardiovascular endurance measures

Cardiovascular endurance variables were evaluated using 6-min submaximal exercise testing
on an ergometer (Ergomedic 828E; MONARK, Sweden) following the” Astrand-Rhyming
cycle ergometer protocol 8, The HR was continuously recorded during the test using a Polar
heart rate monitor (Polar RS800CX, Polar Electro Oy, Kempele; Finland).-Beforethe test, the
HR was measured for 5 min after a 10-min rest in @ sitting pesition. Pafticipants were
familiarized with pedaling on a cycle ergometer for-2 min. The testing siarted from a 10-min
warm-up without load, then the initial workload was set at 50-watts and keep the cadence at
50-55 rpm for 6 min. If the HR of participants-ai'the 6"-min was fower than 120 bpm, the
workload was increased, and testing-was continud for 3 min. Conversely, the testing was
terminated when the HR was between 120-170-Bpm» at the fast minute, and then the values of
heart rate (HRAstrand) 2nd the workload at this poifnt Wwere recorded. Whereas, the VOzpeak Was
predicted from the Astrand-Rhyming Nomogram and multiplied by the age-correction factors

to account for-the decrease in-the HRmax With age 8.

The HICT®W program

The HICT®Wprogram was modified from Klika and Jordan %, in """ all exercise poses were
adjusted by reducing the load to the joints as shown in the previous study . A listing of the

order of exercise poses is provided in Table 1.

Before starting the training program, the participants underwent familiarization for the
exercises in 1 circuit. The training program was performed 3 times per week over 8 weeks,

with the volume gradually increased from 1 circuit in week-1, 2 circuits in weeks 2 and 3, 3
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circuits in weeks 4 and 5, 4 circuits in weeks 6 and 7, and 5 circuits in week-8 of training. The
exercise protocol was comprised of a 5-minute warm-up, the main HICTE" program, and a 5-
min cool-down. Each circuit consisted of a 30-s workout and 10-s rest for 12 exercise poses
per 1 circuit (Table 2). For the repetitions of each exercise pose, the participantswere self-
guided to perform as many as possible within a 30-s workout to promote pleasant feelings and
engagement to activities. This routine was conducted by sports scientists for deronstration and
performed in an exercising room. Attendance was taken throughout the 8 weeks. Furtiiermore,
after a workout, the participants were routinely asked if they experienced(pain, muscle
soreness, unpleasant feelings, or injury from the training.  Then, participant complaints and
adverse events were recorded. The training was scheduled at the sarme time of day (5:00 pm
to 6:00 pm) to reduce circadian variation. Upen completion of 4 weeks and 8 weeks of exercise

training, participants repeated the same test battery for ait variablesimeasured at baseline.

During the exercise sessions, the HR-was continuously“iieasured using a Polar heart rate
monitor. The HR values of each exercise pose (HREsereie pose) Were used to calculate exercise
intensity, which was determined as a‘percentage ¢f heart rate reserve (%HRR) and calculated

following the Karvonen'method:**:
Maximurn heart rate (HRmax) =220 — Age (in years)
HRR = HRmax — HRResting
Exercise intensity (%HRR) = (HRExercise pose — HRResting/ HRR) x 100

Levels of exercise intensity: Very light = %HRR less than 30, Light = %HRR between

30-39, Moderate = %HRR between 40-59, and Vigorous = %HRR between 60-84 2°
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The %HRR was continuously increased from 44%HRR (moderate intensity) at week-1,
58%HRR (moderate intensity) at week-4, and reached 63%HRR (vigorous intensity) at week-

8. The levels of exercise intensity are shown in Table 1.

Statistical analysis

Data for general physical characteristics are reported as the mean £SD, and data for-the rest
variables are reported as the mean +SEM). All data were confirmed tobe-nermally distributed
by the Kolmogorov-Smirnov test. A repeated-measures analysis-of variarice (ANOYVA) was
performed with 2 groups (i.e., CG versus HICTBW group) x 3 times {i.e. week-0 versus week-
4 versus week-8). For each variable, the values of the magnitude of the diiferences (F value),
the significance (P), and the effect size partiai eta-square (np?)-are shown. The Bonferroni test
was used for post hoc analysis. To account for differences in.aliwvariabtes from week-0 to week-
4 (Ao-4) and week-0 to week-8 (Ap-s),-all values were-expressed.as percentage changes from
week-0 using the formula:” [{(week-4 or week-8-minus week-0) and divided by week-0]
multiplied by 100. Differences in %Aq-4 and %Ag: for all variables between the two groups
were analyzed using the-independent t-test. <A \P-value < 0.05 was considered statistically

significant:

Results

Participant characteristics of both groups are shown in Table 3. At baseline, there were no
differences between groups regarding all variables. The BMI values of participants were
classified as obese type 1 1. In addition, the VOzpeak Values indicated low physical fitness levels

(24.9-28.6 mL-kg * -min™) 2! and confirmed the sedentary behavior of the participants.

10
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Participants reported no injury throughout the 8-week program. However, 4 subjects (~
33%) complained of mild muscle pain and soreness after a workout in week-1 but the
symptoms were continuously reduced in week-2, -3, and -4, and disappeared at the end of
week-5. Moreover, no unpleasant feelings and dropouts were noted during the progiram (Table

2).

The body composition variables

As shown in Table 4, significant main effects of group x time were observed for the BEM (F2,44
=5.23, np=0.19, P=0.01) and BF% (F244 = 4.18, np'= 0:16, P=0.02). Significant interaction
effects of time were observed for the SMM (F2as = 3.94, np'= 0,15,,P=0.027). Pair-wise
comparisons indicated that the HICTBW had<an_inerease in the SMM (P = 0.008) and MFR
(P=0.038), as well as a decrease in the BEM (P =0.013),.BF% (P =0.008), VFA (P=0.044)
between week-0 and week-8, but not-between week=0.and week-4. However, there were no

changes in any variables frem-haseline to any tirne points in-the CG (P >0.05).

The differences in percentage changes between the CG and HICT®W groups indicated
that the HICT®" elicited a'change in-the SNMM (P =0.05), BFM (P =0.009), % BF (P=0.01),
and MFR (P=0.02) than the/CGat week-8'(%Ao-8). However, there were no changes between

groups at week-4 (%Ac),

The physical fitness variables

As shown in Table 5, significant interaction effects of group x time were observed for
the Flex.n (F244 = 7.85, np'= 0.26, P=0.001) and significant interaction effects of time were
observed for the Strengthieg (F2.44 = 15.32, np'= 0.41, P<0.0001). No significant differences
were observed for Rt.- and Lt.- Relative Strengthxs (P >0.05). Pair-wise comparisons indicated
that a significant difference between groups for the Flex.n (P <0.046) was obtained at week-8,

with the increase in the HICTBW greater than the CG. Moreover, the HICTEW displayed
11
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significant post-intervention improvements for the Flex.n and StrengthLeqg from week-0 to
week-4 (Flex .+ and Strengthieg; P = 0.036 and P = 0.005, respectively) and week-0 to week-8
(Flex.n and Strengthieg; P<0.0001 and P<0.0001, respectively). Whereas, there were no

changes in any variables from baseline to any time points in the CG (P >0.05).

The differences in percentage changes between the CG and HICTEY groups-indicated
that the HICT®W elicited a greater change in the Flex.n than the CG at week-8 (%Ao-s) (P

=0.034). However, there were no changes between groups at week-4.

The cardiovascular endurance variables

As shown in Table 6, significant interaction effects ef group x timie:were observed for the
relative VOzpeak (F2.44 = 3.93, np'= 0.15, P=0.027) and significant’interaction effects of time
were observed for the relative VOgpeax (F2,44 =.10.39, np?=0.32, P=0:0001), HRAstrand (F2,44 =
5.75,mp = 0.21, P=0.006) and the cyciing workload (Fous = 4:31,mp = 0.16, P=0.020). Pair-wise
comparisons indicated that the’ HICT®Y induced a significant increase in the relative VOzpeak
from week-0 to week-4 (P = 0.031) and:week-0 toweek-8 (P<0.0001). The HRAstrand (P<0.033)
and workload (P<0.01%) were impsoved franyweek-0 to week-8 in the HICTBW, Whereas, there
were no changes in any variables from baseline to any time points in the CG (P >0.05). For the
differences in percentage changes between groups, the HICTBW had a higher change in the

relative. VOgzpeak than the CG at week-8 (%Ao-s) (P =0.010).

Discussion

This was the first study involving South-East Asian obese women to show that an 8-week HICT
using body weight as resistance (3 days/week) was an effective training modality for improving

health-related physical fitness outcomes without the report of injury. In addition, no unpleasant

12
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feelings and dropout rates of the participants were recorded during the 8-week program which

could indicate the favorable affective responses and adherence to the HICTBY program 2% %,

In the present study, there were no changes in BW. This observation is similar to
previous HICT studies 7 2* and may be due to the relatively short duration (i.e. 8-weeks) of
the training program. However, the present study provided observations onchanges in muscle
mass and fat mass. After 8-weeks of HICT®Y, SMM was increased by 2.9.% and BFM and
BF% were decreased by 3.4% and 3.2%, respectively. These changes were’ larger thair those
reported in 12 healthy middle-aged women after 14 weeks of combined resistance{3 sets of 10
repetition maximums (RM)] and aerobic training (20 mm at 60%-70% of age-predicted
maximal heart rate) for which a 1.4% decrease in‘total fat was reported 2°. Moreover, a 6-week
HICTBW (7 days/week, 30 s per exercise positiorrwith 10s rest)-for activve normal weight male
and female subjects provided simildr resuits at the end‘of.the training program 26. In addition,
Batrakoulis et al. 2" demonstrated-a 1.2% decreasé‘in totaf-fat following a 2-month new HIIT-
type protocol that integrated -neuromuscutar. training®using whole-body movements with

alternative portable exercise equipment i sederitary obese adults.

Noteworthy, in the presentstudy, 4 weeks of HICTEW did not change body composition
variables in“sedentary obese women. However, beneficial effects on body composition have
been reported after 4 weeks of the HICTdtonal program. Miller et al. ® observed an increase of
lean muscle tissue by 2% and a decrease in fat tissue by 3.6% following a 4-week HICT
program in 8 sedentary obese males. The larger changes in Miller’s study ® may be due to the
use of high resistance exercises (at 70-80% of 1RM) and the 8-12 number of repetitions
throughout the training period, whereas our study used body weight as resistance and increased
the duration of exercise from 24 min to 120 min in week-8 (Table 2). Therefore, it may be due

to the different training intensity that we observed the significant improvement of body

13
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composition only at week-8 but not at week-4. An increase in muscle mass might affect
metabolic remodeling induced by HICT, which can result in mitochondrial biogenesis and
therefore an increase in the capacity for whole-body fat oxidation 22, In addition, a greater
impact on subcutaneous fat loss may be due to the increased level of serum catecholamines and
growth hormone responses from the HICT program 3. Therefore, except forthe benefit of
being time-efficient, the modified HICTBW program could have a benefit on body composition
by increasing muscle mass and reducing body fat mass in obese women who trainged for 8

weeks.

The muscle-to-fat ratio (MFR), representing the ratio of skeletal muscle mass to the
visceral fat area, is negatively associated with’ metabolic’syndrome in obesity 32 and type 2
diabetes . The present study obtained anincreased MFR value foilowiridthe 8-weeks HICTBW
which might indicate a beneficial effect-of the trairing progiam-on reducing the risk of
developing cardiovascular disease. iran ebese population:in addition, Paoli et al. ” suggested
that HICT using resistance exercise machines (3 timesper week, 50 min per session for 12
weeks) was moreeffective on blood dipid profiies’in healthy overweight men than endurance
training or low-intensity circuittraining‘Recently, Sepehrirad et al. ** reported the metabolic
benefits of an 8-week HICTPW protocol in elderly women with metabolic syndrome and
suggested that theprogram would be effective for health improvement in this specific
population. According to the results of the present study, an 8-week HICTBW has positive
effects on body composition by increasing the muscle-to-fat ratio. In addition, it might be
considered a safe and suitable training program for the sedentary obese female population to

prevent the development of non-communicable diseases.

The obesity-associated reduction in the range of motion for particularly trunk segments

can lead to functional task limitations ** 3. A significant increase in flexibility and leg muscle

14
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strength was obtained within a 4-week HICTEW training compared to baseline data.
Interestingly, the present study observed a 146% increase in flexibility of the trunk and legs
after 8 weeks of HICTBW, which was larger than the 7% increase in the control group who only
participated in the habitual activity. The substantial increase in flexibility can most likely be
related to the synergistic effects of the training program where each exercise pose was
encouraged to perform with a full range of motion as well as a negatively relationship between
BF% and flexibility where the lower BF% following exercise training could result in the higher
flexibility 3. Furthermore, we showed a 41.6% increase in leg muscle strengthyfrom pre- to
post-HICTBW, The increase in strength may have occurred through increased motor unit firing
rate, recruitment of motor units, and the synchronization of motor units *. Taken together, the
present study provided evidence for the bieneficial effects. of an 8-week modified HICTBW
program on physical fitness parameters._including flexibiity and~strength of back and leg
muscles in sedentary obese wornrien. T he majority of the'modified HICTEW program has focused
predominantly on the lower iimbs and has, therefore, >potential implications to improve
functional capacity(e.g.; walking, stairs.negotiation; and rising from a chair or bed), prevent
the risk of joint pathologies (e.g. knee and-hip osteoarthritis) and consequently improve quality
of life in cbese womien. However, for grip strength, the present study is consistent with that of
previous studies 2 26 witich showed that HICTBW had no effect. It is possible that the pose of
HICTEY might not>be intense enough to generate meaningful muscle recruitment of hand

muscles, especially in female participants 2.

Cardiovascular fitness is a modifiable risk factor, with improvements directly linked
with reduced mortality and improved health status 3°. Recently, the use of interval-based
training programs to stimulate improvements in cardiovascular health, requiring less time than
traditional exercise has received increased attention in clinical populations . The present study

demonstrated an increase of 8 mL-kg*-min™! (~32%) in relative VOzpeak Values after 8 weeks
15
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of HICTBY compared to the control group. In addition, a significant increase in peak oxygen
consumption (~18%) occurred as early as 4 weeks of training compared to baseline and could
indicate a high impact of the modified HICTBY program on aerobic fitness adaptation.
Similarly, the adaptations to cardiovascular endurance following HICTBW obtained in obese
individuals was not different than those in healthy individuals. We reported an-18%-increase
in VOzpeak from pre- to week-4 HICTEW in sedentary normal weight women **, The increase
of VO2peak Can result from both peripheral and central adaptations. Repeated fluctuatigins.of O>
consumption between each cycle (1 cycle in week 1 to 5 cycles in week 8) may-have been
required to improve muscular oxidative capacity ** by-increasing mitochendrial biogenesis in
the trained muscles %2. High-intensity exercise has also been-shown-to improve stroke volume
and cardiac output, thereby improving oxygen defivery 4 . The present study demonstrated a
5% decrease in HRAstrand and a 25%-increase in-cycling:workload@fter 8 weeks of HICTBY,
Cardiovascular fitness such as VOzpeak, has been reported 16 improve in overweight women
who regularly practice functional HICT butawith perception of pain °. Interestingly, our data
demonstrate that whereas the modified HICTBW appears to have greater improvements in peak
oxygen uptake,” the  perception.of, muscle. pain is attenuated as training proceeds and
disappeared at week-5 of.the program. Therefore, an 8-week modified HICTEW elicits an

improvement in cardiovascular fitness with less perception of muscle pain.
Limitations

The present study has the following limitations. Firstly, the lack of gold standard methods, i.e.
DXA, for assessing body composition. However, the BIA provides reliable single-measure
body composition estimates *4, and seems to be more convenient than DXA in the research
settings, since it is quick, easily transported, no need to be done by a specialist, and a low-cost

device. Secondly, we did not use any tools or questionnaires to measure pain and risk of injury.

16
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However, after exercising, we did ask the subjects routinely if they have pain, muscle soreness,
unpleasant feelings, or experienced injury from the training and responses were recorded.
Finally, we did not monitor habitual dietary intake or physical exercise outside of the study,
although participants regularly reported no change in their normal dietary intake and were

aware that no additional activity was allowed throughout the study period.

Conclusions

The 8-week modified high-intensity circuit training using body weight'as resistance
thrice a week is an effective training modality to influence health-reiated physical fitness
components in sedentary obese women. Although-there was no change in body weight, the
HICTBY program seems to be more efficient.in the long term-ta gradualty reduce fat mass and
increase muscle mass. Short-term- improving flexibitity, ieg muscte strength, and VOazpeak,
following the program may he necessai'y for the Sedentary population to ensure the body can
perform normal daily tasks. 1ri addition, anincrease in cardiovascular endurance with less
perception of muscle pain-could, in turn; elicit pleasant feelings and adherence to the program.
Overall, the modified HYICTBW program ¢an be a safe training modality with the exercise being
practicaland providing quickly benefical adaptations (except body composition) in sedentary

obese women.
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Figure 1: The timeline and main outcome variables of this study.

A familiarization session |4

<

1-week

»

« 8-week »
l-week —» < 4-week > 4-week >
Baseline The CG performed usual routines

measurements
(week-0) The HICTEY performed 3 times weekly the modified high-intensity circuit training using body weight as resistance, which

consists of 30-sec workout and 10-sec rest for 12 exercise positions per 1 circuit, with an increase of 4 circuit every 2 weeks.

Week-8

measurements

Week-4

measurements

|

Order of measurements

1. Body composition, i.c., body mass index, body fat mass, skeletal muscle mass, body fat percentage, and visceral fat area
2. Physicalfitness, i.e., flexibility of lower back and hamistrings, leg muscle strength, and tiandgrip strength

3. Cardiovascular endurance, i.c., Astrand heart rate, peak oxygen consumptiort;and workload
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TABLE 1: Exercise intensity (%HRR) of modified high-intensity circuit training exercise
using body weight (HICTBY) program at week-0, week-4, and week-8.

Pose HICTBW Exercise Intensity
# (%HRR)"
Week- 0 Week- 4 Week- 8
1  Step Jacks Very light Moderate Maoderate
2 Wallsit Light Moderate Modeiate
3 Wall push-up Light Moderate Moderate
4 Sit-ups hand reach Light Moderate Moderate
5 Step-up onto step aerobics Moderate Moderate Vigorous
6  Half squat Moderate Vigorous Vigorous
7  Bend knee Triceps dip on Moderate Vigorous Vigorous
chair — Half bottom
8  Plank with Knee Moderate Moderate Vigorous
9 Hop Moderate Modetate Vigorous
10  Split squats Mogerate Vigerous Vigorous
11  Plank rotation Moderate \Wigorous Vigorous
12 Side plank Maderate \igorous Vigorous
Total Moderate Moderate Vigorous

* % Hearth rate reserve (%HRR) was Caiculated from values foilowing Karvonen method. 2*

Exercise intensity (%HRR) = (Heart rate of each exercise pose'~Resting HR) / HRR x100

Levels of exercise intensity #: Very tight: %HRR= <30, Light: %HRR = 30-39, Moderate: %HRR =

40-59, and Vigorous: %HRR = 80-84

TABLE 2: Details of the modified high-intensity circuit training using body weight

(HICT®W) program for 8 weeks (3 times per week) and the percentage of muscle pain and
soreness, unpleasant feelings, and dropout rates in the program, n=12 for HICTE% group.
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Week Circuit  Warm-up Exercise Cool- Total training duration Muscle
(minutes) duration down per week pain and
(minutes) (minutes) (minutes) soreness

(%)

1 1 5 ~8 5 24 33
2-3 2 5 ~16 5 48 16
4-5 3 5 ~24 5 12 8
6-7 4 5 =50 5 96 0

8 5 5 ~40 5 120 0

1 circuit = 12 exercise poses, 30 sec of workout per pose with a 10-sec rest interval,

approximately 8 min per circuit.

TABLE 3: Participant’s physical characteristicsin the control (CG}) and HICTBW groups.

Variables CG (n=12) HICTBY (n=12)

Age (years) 3243 .0 31+2
Height (cm) 1605 15945
BW (kg) 68.4+7.7 70.4+8.2
BMI (kg/m?) 26.7+3(0 27.942 5
Waist circumferences (cmj 875+ 1 90.3+2.3
Waist to hip ratio 0,87+0.05 0.89+0.04
Systolic blood pressure (mmHg) 111+9 117+11
Diasteiic blood pressure-{mmHg) 7747 81+7
Resting heart rate-¢hpm) 78+7 76+4
VOzpear (Miz:kg ™ min™) 25.242.7 245+3.7

BW = Body weight; BMI = Body Mass Index; kg = kilogram; m? = square meter; cm =
centimeter; bpm = beat per minute; mmHg = millimeters mercury; VOzpeak = peak oxygen
uptake; mL = milliliter; min = minute. The data is expressed as means + SD.

TABLE 4: Body composition variables, consisting of body weight (BW), skeletal muscle mass
(SMM), body fat mass (BFM), body fat percentage (BF%), visceral fat area (VFA) and skeletal
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muscle mass to visceral fat area ratio (MFR) at week-0, week-4 and week-8 in the control (CG)
and HICTBW groups.

Variables

LooONOOUTE, WN -

CG

HICTBW

Week- 0

Week- 4

Y04

Week- 8

%0lo.g

Week- 0

Week- 4

Yoo
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Yolo.s

18w «
i e

12

1§MM kg
14

1BFM (kg
16

1BFo %)
18

19

ZH FA (cm?)
21

4

684 (22)

68.8 (23)

+0.70.5)

69.2 (24

+12(0.6)

704 (8.2)

704 (23)

+0.1.(0.5)

70.0 (2.2)

-040.7)

238(08)

239(0.8)

+0.6 (0.9)

239(08)

+0.6(0.9)

237(08)

24.040.7)

+1:0 0.5

243 (06) *

+2.9(1.1)®

249(15)

252(15)

+1.009)

255(1.6)

+23(13)

270(18)

26:6(16)

-124%

760 (14)*

341872

362 (13)

363 (1.3)

+0.1 (1.0

36.6(1.3)

+1.0¢1.1)

380 (1.4)

375(13)

310

367(1.1)*

321474

806 (42)

777 (4.6)

3228

798 (3.8)

0.1 (24

90:4 (4.7

88.8,(54)

227

85.2 (4.4 *

53(20

2RIFR (kg.em?)
33

031(0.09)

0.32(0.10)

+524.0)

031 (0.06)

+0.3(2.7)

027 (0.06)

628 (0.08)

+3.7 2.0

029 (0.02)

*

+9.5(3.1)°

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

Values are given as mean (SEM).
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%Ao-s between CG-and HICTBW (Independent t-test; p < 0.05).

n=12 for each group.”%A0-4 = percentage change from
week-0 to week-4 and %A0-8 = perceritage change front week-0 to week-8. *, significant

within group change from week-0 {p < 0.05} (Repeated ANOVA,; p < 0.05). & significant of
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TABLE 5: Physical fitness variables, consisting of flexibility of lower back and hamstrings
(Flex Ln), leg muscle strength (Strengthieg) , and right and left relative handgrip strength (Rt.

And Lt. Relative Strengthnc) at week-0, week-4 and week-8 in the control (CG) and HICTBW

=

]

12

13

14 Variables
15

16

CG

HICTEW

Week- 0

Week- 4

YoAgy

Week- 8

YoAyg

Week- 0

Week- 4

YoA.g

Week- 8

AT

/
Lglexu.[ (cmy

20

]

étrengthug (ke

23

PRt Relative
!gtrengthm kg/kg BW)
)6

27
y) gt.— Relative

2 §tf€ngth1-m (kg/kg BW)

8.0 (2.2)

6.0 (2.3)

219 35.7)

7.6 (2.6)

+7.0 30.8)

85 (1.9)

117 (1.4).*

+649 51.1)

14.7 (1.4) *

+145.7 (6557

909 (49)

1052 (52)

+16.1 34)

1031 (72)

918 (7.1)

11238 5) *

+244 5.6

1216 (78) *

+41.6 (16.5)

040 (0.03)

042 (0.03)

+3.83.0)

042 (003)

+51 43)

0417002)

041 10:62)

31238

042 (0.02)

035 (002)

036 (0.02)
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037 (0.02)

0:36 (002)

035 (002)

15680

037 (02)
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31
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significantof %Ao.s hetieen CG and HICTBW (Independent t-test; p < 0.05).

Values are given as'mean (SEM). BW, body weight.n=12 for each group. %Ao0-4 = percentage
change from week-0-toc. week-4 and %Ags = percentage change from week-0 to week-8. *,

significant within group change from week-0 (p < 0.05) (Repeated ANOVA; p < 0.05). ¢,
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TABLE 6: Cardiovascular endurance consisting of heart rate (HRAstrand) , relative maximum
oxygen consumption (Relative VOzmax), and work load (Load) were recorded following

Astrand’s protocol ° for the submaximal test in the control (CG) and HICT®W groups.

g HICTBY
d CG

1d Variables
113 Week- 0 | Week-4 | %Ag, | Week-8 | %Ang | Week-0 | Week-4 %Ay | Week- 8 %A

14 HR ;g (bpm) 136(2) | 1322) | 2721) | 1322) | 2919) | 139:3 1333 | 4705 | 132« | 4815)

17 VO mLkg miny 269 (13) 284 (13)| 18263) | 287(12) | 197 66) | 245 (14).[ 28V (1.1)#* | +181 (76) | 320 (1.5) | 323 63)?

19
2Q Load (kp) 10(02) | 1.1(0.2) | 4242 | 1.1(02) | 83686) | 1.1(0.0) | 1
21

38

0.0 | 8366 | 1.3(0.1)+ | +250(115)

22

23 Values are given as mean (SEM). n=12 for edch group.%Ae:s = percentage change from
24

25 week-0 to week-4 and %Ao-s = percentage change fromi’week-0210 week-8. *, significant
26

27 within group change from week-0(p <0.05) (Repeated ANOVA; p < 0.05). 4, significant of
28

gg %Ao-s between CG and HICTBY (independent t-test; p < 0.05).
31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54
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