dusnonoruns

DOI: 10.14529/hsm190101

EFFECTS OF A 6-WEEK CONTROLED EXERCISE PROGRAM
AND SEMI-CONTROLED DIET ON BODY FAT
AND SKELETAL MUSCLE MASS IN ADULTS

F. Kukié', filip.kukic@gmail.com, ORCID ID: 0000-0002-8625-5375,
N. Todorovié?, nemanja.tod@hotmail.com, ORCID ID: 0000-0003-4741-0966,
N. Cvijanovié? nenadcvijanovic89@gmail.com, ORCID ID: 0000-0002-7196-6342

'Police Sports Education Center, Abu Dhabi Police, United Arab Emirates,

2Kubo Training Center, Belgrade, Serbia

Aim. To investigate the effects of a 6-week of controlled exercise program followed by
a semi-controlled dietary regimen on indicators of body fat mass (BF) and skeletal muscle mass
(SMM) of adults. Materials and methods. The sample consisted of 28 particpants with the main
characteristics of the sample being: age = 29.70 + 8.35 years, body height (BH) = 177.35+9.36 cm,
and body mass (BM) = 105.20 + 27.06 kg. Body composition parameters, BM, body fat mass
(BF), trunk fat (TF), skeletal muscle mass (SMM), percent of body fat (PBF), percent of skeletal
muscle mass (PSMM), body mass index (BMI), and index of hypokinesia (IH) were collected
before and after six weeks of exercise program and semi-controlled diet regimen. A Paired sample
T-test and effect size (ES) were used to determine the effects and their magnitude of the treatment
applied. Results. A 6-week treatment significantly affected investigated variables, wherein BF
(-6.75 kg, p <0.001), TF (-3.28 kg, p < 0.001), and SMM (-0.91 kg, p = 0.003) tissue decreased
in a different degree, leading to a small but highly significant increase in PSMM (2.60 %, p < 0.001).
A decrease in BF and SMM resulted in a significant reduction in BMI, while IH decreased in
a smaller degree than BMI because PBF and PSMM changed inversely. Conclusion. Six weeks
of a controlled exercise program 3 times/week and semi-controlled diet is an effective approach
to the reduction of BM, BF, and TF and to increasing the movement potential by changing

the proportions of PBF and PSMM.
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INTRODUCTION

Human body composition consists of nearly
40 components divided in 5 levels, and all those
components contact and interact between each
other and play certain roles in the body [25].
Therefore, certain body composition components
are often considered to be sensitive indicators of
health and physical fitness [2, 10, 11, 16], wherein
body fat mass (FM) is the biggest ballast tissue in
contrast to skeletal muscle mass (SMM) which
represent the main movement potential.

In an extensive review on anti-inflammatory
effects of exercise, the association between the
increased fatness (especially in the abdomen) and
all-cause mortality, dementia, and several cancers
were explained by an increase in the production
of pro-inflammatory adipokines and reduced pro-
duction of anti-inflammatory cytokines [11]. Fur-
thermore, Garibalda et al. [10] observed signifi-

cantly higher blood pressure, c-reactive protein
levels, pro-inflammatory cytokine levels, and
protein carbonyls contents and lower B-carotene
levels among women in the fourth quartile than
in the first quartile for body mass (BMI) and
waist circumference WC (p < 0.01). On the other
side, SMM is shown to be sports-specific in ath-
letes [2, 9], and the significant predicting variable
of general physical fitness in police officers [26].
Moreover, Dopsaj et al. showed that young wa-
terpolo players were 5.01 kg heavier than the
control group, most probably due to higher
SMM, but also were exerting significantly higher
hand grip forces. In contrast, ageing was found to
be associated with a reduction in SMM which
potentially may lead to disability and impairment
in people with low amounts of SMM [13, 14].
However, various strategies of body com-
positon management have been investigated, and
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the majority agrees that food intake together with
the type and level of physical activity might
be the most optimal ones [21]. In that regards,
planned and continous implementation of indi-
vidualized physical training programs [12, 23]
and caloric restriction diets [20] or both [8, 12]
were shown to be highly effective in reducing
body mass (BM) but more importantly fat mass
(FM). Conversely, application of resistance,
aerobic, and combined training is reported to be
an effective strategy in an increase of SMM and
reduction of FM [26].

Although considerable research exists on
the effects of exercise on the components of body
composition from various institutionally orga-
nized studies, limited data is provided from
a daily practice conducted in a training center.
Thus, the aim of this study was to investigate the
effects of a 6-week controlled personal exercise
program followed by a recommended dietary
regimen on indicators of FM and SMM in adults.

METHODS

This was a longitudinal applied observa-
tional study conducted on a random sample of
adults under the monitoring of Kubo Training
Center (KTC) from Belgrade, Serbia. Body com-
position parameters were collected on two occa-
sions separated by 6 weeks of exercise program
and semi-controlled diet regimen. All participants
were trainees of KTC and were consequently
working out for the minimum of 6 weeks in
KTC, and each training session was closely
monitored and controlled by the coaches of KTC.
To meet the needs for the uniformity of training
procedures, trainers from KTC had up to 3 months
of introduction to work and training. Each par-
ticipant had his own file where every testing ses-
sion and exercise program were stored and after-
wards transferred to a PC for further analysis.

Sample

The sample consisted of 28 particpants,
9 females and 18 males. The main characteristics
of the sample were: age = 29.70 £ 8.35 years,
body height (BH) = 177.35 £ 9.36 c¢cm, and body
mass (BM) = 105.20 + 27.06 kg. All subjects
were thoroughly briefed about the purpose of the
study and were included in the analysis only if
they agreed to it. Furthermore, before they joined
the training process, they completed the medical
examination and only if the board of medical
doctors approved they were included in an exer-
cise program. The research was carried out in
accordance with the conditions of the declaration
of Helsinki: Recommendations guiding physi-

cians in biomedical research involving human
subjects [4] and with the permission of the Ethics
Committee (I1147015) of University of Belgrade,
Faculty of Sport and Physical Education. Each
participant was informed about the goals of this
research and personally agreed to participate.

Body composition measurements

Body composition was measured using the
method of direct segmental multi-frequency bio-
electrical impedance analysis (BIA), employing
the In Body 370 machine (Biospace, Co., Ltd,
Seoul, Korea). The assessment occurred at the
beginning and at the end of a 6-week exercise
intervention. Trainees were instructed to have
a light (or no) dinner and fast overnight prior to
the body composition measurement and were
restricted from fluid intake for 3 hours before the
assessment. The assessment was conducted as
previously reported in details [6, 9, 26], whereby
all participants fasted the night before the mea-
surements being taken (6 to 9 am). Furthermore,
the participants were barefoot, and had all metal,
plastic, and magnetic accessories removed, stood
on the device’s spots designated for the feet. All
body composition measurements were conducted
in an indoor environment with a controlled tem-
perature of 22 °C. The absoulte measures of tis-
sue volume such as body mass (BM), fat mass
(FM), and skeletal muscle mass (SMM) were
assesed and used to calculate relative measures
of the tissue volume, percent of body fat (PBF),
and percent of skeletal muscle mass (PSMM) and
crude measures of body composition, body mass
index (BMI), and index of hypokinezia (IH).

Training protocol

Participants were having three 90-min training
sessions per week for 6 weeks, and training was
organized in 3 main phases.

Phase 1: 10 minutes of cardio-respiratory,
muscular and joint warmup, followed by dynamic
flexibility and muscle activation using body
weight exercises.

Phase 2: this phase consisted of circuit
training and the exercises were executed in the
way, so the participants never come to the ex-
haustion. Intensity fluctuated between 60-80 %
of 1 repetition maximum (RM), and the number
of repetitons was 6-15, respectively. Phase 2 of
each program consisted of 6 exercises that were
executed one after another. The rest between the
exercises was chosen subjectively by the coach
but within the range of 30-90 seconds. The order
of the exercises was such that each next exercise
was for a different group of muscles. For example,
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lower body pushes (squats variations, lounges)
followed by the upper body pushes (push-ups,
bench press, shoulder press) or isometric stomach
exercises (plank, “dead bug”, roll-out) followed
by the lower body pulls (dead lift, swiss ball
hamstring curls).

Phase 3: 25-30 minutes of aerobic training
and 10 minutes of passive stretching. Intensity
for the aerobic part of training was 65-75 %
of maximal heart rate (MHR). MHR was esti-
mated using calculation 220 — age [14, 19, 21] and
monitored by a polar heart rate monitor (Polar
FT40) that was connected to the life fitness tread-
mill integrity series (Lifefitness, Brunswick, Co).

Dietary recommendations

All participants were introduced to a struc-
tured diet based on a low glycemic index (GI)
and low glycemic load (GL) [1], which was shown
to be a good choice for the management of dia-
betes, obesity, and cardiovascular disease [3, 7,
18, 22]. Participants were provided by the written
manual that divided the food into meats, vege-
tables, fruits, grains, dieries and juices that were
further ordered by their GI. The manual was or-
ganized in colors, wherein tables with low GI
nutrients were colored green, medium GI nutri-
ents were colored yellow, while the tables with
high GI nutrients were colored red. This way
the participants were given a tool to navigate
throughout the variety of nutritients on the mar-
ket. Although, the participants were not closely
monitored nor controled on the correctness of
choices and amount of food they eat, they were
instructed to choose the foods from the green
tables (low amount of caloric and relatively fast

sence of fullness) and to make the rest between
the meals of about 4-6 hours [15]. At each training
session participants were asked by the trainer to
recall what they ate in as many details as possible.
Moreover, trainers were available on the phone
for consultations at all times. Water consumption
instead of juices was encouraged but also not
monitored.

Statistics

The effects of applied exercise program were
tested using a Paired sample T-test from Statis-
tical Package for Social Sciences (IBM, SPSS
Statistics 20). The significance level was set at
p < 0.05. Effect size (ES) was calculated as dif-
ferences in mean scores as a proportion of
the standard deviation, following the formula:
ES = (M, — M,)/SD,, where M, and M, are the
means of the groups being investigated. The mag-
nitude of the effects was defined as follows:
small = 0.2, moderate = 0.6, large = 1.2, and very
large = 2.0 [24].

RESULTS

The descriptve statistics, mean, standard de-
viaiton (SD), minimum and maximum for all in-
vestigated variables at both testing occasions are
shown in Table 1.

Applied exercise and semi-controlled diet
program had a significant effect on reduction in
absolute and relative indicators of the volume
of body fat as well as muscle tissue (Table 2).
The magnitudes of changes were higher in BF,
TF and PBF than in SMM, which resulted in
a significant increase in PSMM. In contrast, BMI
and IH significantly decreased, with IH being
changed to a lesser degree.

Descrtiptive statistics for the mean, standard deviation (SD), minimum and maximum Tabled
Variables TEST . RE-TES,T

Mean + SD Min Max Mean + SD Min Max
BM (kg) 105.50 = 26.60 65.80 183.90 97.20 £ 25.12 61.90 176.50
BF (kg) 37.4 +14.88 15.80 80.20 30.65 + 14.31 12.30 76.70
SMM (kg) 38.64 £9.26 22.40 59.70 37.73+£9.22 22.30 57.60
TF (kg) 19.25 £6.56 7.80 36.40 15.97+6.93 5.70 36.70
PBF (%) 3488 +7.18 22.40 50.90 30.77 £ 8.26 19.30 48.20
PSMM (%) 37.09 £4.20 29.69 44.00 38.38 +4.81 29.18 45.71
BMI (kg/mz) 33.24 +£7.01 22.90 50.90 30.64 £ 6.47 21.50 48.90
IH (index unit) 1.07+0.21 0.75 1.52 1.01 £0.22 0.61 1.50

Note: BM — body mass; BF — body far; SMM — skeletal muscle mass; TF — trunk fat; PBF — percent of body
fat; PSMM — percent of skeletal muscle mass; BMI — body mass index; IH — index of hypokinezia; SD — standard

deviation; Min — minimum; Max — maximum.
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Table 2
Results of the Paired sample T-test

Variables Difference cV t p-value ES
BM (kg) —8.30 39.11 13.529 <0.001 0.31
BF (kg) —6.75 48.98 10.804 <0.001 0.45
SMM (kg) -0.91 162.84 3.249 0.003 0.10
TF (kg) -3.28 50.16 10.550 <0.001 0.50
PBF (%) —4.11 66.07 8.009 <0.001 0.57
PSMM (%) 1.29 105.42 -5.034 <0.001 0.30
BMI (kg/mz) -2.60 42.30 12.509 <0.001 0.37
IH (index unit) —0.06 177.86 2.975 0.006 0.29

Note: BM — body mass; BF — body far; SMM - skeletal muscle mass; TF — trunk fat; PBF — percent of body
fat; PSMM - percent of skeletal muscle mass; BMI — body mass index; IH — index of hypokinezia; ¢V — coeffitient
of variation; ES — effect size.
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Fig. 1. Effects of an applied exercise program on BM, BF, TF and SMM.
** significant on p < 0.001, | — small positive and negative effect size
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Fig. 2. Effects of an applied exercise program on PBF and PSMM.
** significant on p < 0.001, 1 and | — small positive and negative effect size

Relative changes (%) in BM occurred due to were also significant, but the magnitude of these
a significant, relative decrease in BF, wherein changes was minimal (Fig. 1).
a majority of decrease happened due to a reduc- The difference in magnitudes of the applied
tion in TF. Relative changes occurred in SMM exercise program on BF and SMM induced
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Fig. 3. Effects of an applied exercise program on IH and BMI.
** significant on p < 0.001 and | — small negative effect size

an inverse, small in magnitude but highly signifi-
cant changes in PBF and PSMM (Fig. 2). Mo-
reover, changes in relative amounts of fat and
muscle tissue resulted in significant changes
of small magnitude in BMI and IH (Fig. 3).

DISCUSSION

The main findings of this study strongly
suggest that 6-weeks of a controlled exercise
program together with a semi-controlled diet
program can have a significant impact on specific
components of body composition, which also
reflects the level of the whole body. The amounts
of BF, TF and SMM tissue decreased in different
degree, leading to a small but highly significant
(p < 0.001) increase in PSMM (Fig. 2). Further-
more, a decrease in both, BF and SMM tissue
resulted in a significant reduction in BMI, while
IH decreased in somewhat smaller degree than
BMI because PBF and PSMM had inverse sig-
nificant change (Fig. 3).

A paired sample t-test results revealed highly
significant effects of the treatment which can be
also noticed on the level of mean relative changes
(Fig. 1-3), while calculated ES showed that the
magnitudes of the effects were small for all in-
vestigated variables except for the SMM where
the magnitude was minimal (ES < 0.20). This could
be due to a relatively significant ¢V in diffe-
rences between the subjects, whereby the most
significant ¢V occurred in SMM (Table 3).
However, although the ES were small, and cV
relatively large the applied treatment affected
more than 99 % of the smaple in all variables at
the level of significance of p < 0.05.

Regarding the effects of 6-weeks of a con-
trolled exercise program together with a semi-
controled diet program, our results are similar to
those of Stojkovi¢ et al. [23] who reported a re-

duction of BM (1.33 kg or 1.93 %, p < 0.001)
after 8 weeks of the applied exercise program.
The study design was similar comparing to our
study with the difference being in no control for
food at all in Stojkovi¢ et al. [23]. Furthermore,
Cvorovié¢ et al. [5] reported a reduction in BM
3.99 kg (5.06 %, p < 0.001), while Kukic et al.
[16] found the positive effects of a 4-week exer-
cise intervention on BM of female police officers
(0.92 kg or 1.14 %, p = 0.005). However, the study
design was different because Cvorovi¢ et al. [9]
and Kukic et al. [17] applied the training program
on a group of people and did not control the food
intake, while we had an individual program and
semi-controlled diet.

Regarding the changes on a tissue level,
Kukic et al. [17] reported a reduction in PBF of
2.26 % (p = 0.001) after a 4-week intervention,
while Stojkovi¢ et al. [23] reported a reduction in
PBF of 2.33 % (p < 0.001) after a 8-week exer-
cise program. When applied a 16-week training
program based on walking speeds close to pre-
ferred transition speed, Ili¢ et al. [12] showed
a significant (p < 0.001) decrease in BM (15.47 kg
or 15.25 %), BF (16.9 kg or 50 %), fat-free mass,
PBF (9.72 %) and BMI (5.06 kg/m* or 16 %).
Athough the study design had some similiraties
such as the individual approach to each subject,
the program duration was longer in Ili¢ et al.
[12], and their subjects exercised 4 times/week.
Furthermore, they controlled energy intake in the
range of 1200-1500 kcal/day, where 55 to 60%
was provided from carbohydrates, 15 to 20 %
from proteins, and 20 to 25 % from fat, and their
participants spent more time walking on the tread-
mill [12]. Subjects from our study reduced BF
mostly on acount of TF (hence abdominal fat),
whose changes has not been often directly fol-
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lowed in a multifactorial and hardly controllable
setting such as a regular training center. In that
regards, the KTC’s approach seems to be effec-
tive not only from body composition but from
a reduced health risk perspective as well [11].
Concludingly, analysis of our results in com-
parison to other longitudinal studies suggests that
the length of the exercise program, level of diet
control, type and organization of exercise pro-
gram (individual or group) are all factors that can
be manipulated in order to produce changes on
a tissue level.

When it comes to SMM, our study, as well
as studies that applied exercise program alone or
followed by a controlled diet aimed at BM reduc-
tion [6, 8, 12, 23], showed a similarly small de-
crease in SMM compared to a loss in BF. A pro-
clivity for a lower reduction rate of the absolute
amount of muscle tissue resulted in an increase of
the relative amount of muscular tissue (PSMM),
positively affecting the movement potential.
However, it is not clear if the decrease in SMM
occurred due to the loss of dry contractile ele-
ments in early stages of adaptations to applied
exercise given that initial 6 weeks followed by
a semi-controlled diet may lead to a protein
breakdown that precedes protein synthesis [26].
In that regards, more research is needed with
deeper insight into muscular tissue in order to
clearly explain the effects of a 6-week exercise
program (mixed aerobic and resistance) and
semi-controlled diet.

The changes in crude measures of body
composition, BMI, and IH (Figure 3) are the re-
sult of treatment effects on a tissue level. Reduc-
tion of BM inevitably leads to a reduction of
BMI, regardless of which tissue is affected and
in what degree, although the proportion of tis-
sues (PBF and PSMM) significantly changed.
In contrast, IH was less affected than BMI by
the applied treatment, probably because IH de-
tects the inverse changes in tissue proportions
and therefore, more meaningful changes than
BMI [16].

CONCLUSION

The sample of the study was relatively small
and consisted of a disproportional number of
male and female subjects. Changes in BF and
SMM may vary between the genders so separate
analysis should be considered for more precise
analysis. Individual effects of either applied exer-
cise or diet were not investigated and should be
also considered in the future. It could be gene-
rally concluded that 6 weeks of a controled exer-

cise program and semi-controlled diet in ap-
proach one-on-one can be effective for the ma-
nagement of body composition. Furthermore, BF
but more importantly TF can be well controlled by
the implementation of three 90-minute training
sessions per week consisted of aerobic and resis-
tance exercises. Although PSMM  increased,
the absolute amount of skeletal tissue decreased,
suggesting that for the maintenance or improve-
ment of SMM, the applied treatment should
be adjusted in 1 of 3 or in all 3 following ways:
1) applying the treatment for a longer time period
(more than 6 weeks); 2) changing the diet; and
3) adjusting the variables within the exercise pro-
gram.
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BJIIMAHUE LLIEpTI/IHE.D,EJ'IbHOVI KOHTPOHVIPYEIV!OVI NMPOrPAMMBDI
YNPAXHEHUA W HACTUYHO KOHTPOJIMPYEMOW OUETDI
HA XKUPOBYIO MACCY U MACCY CKEJNETHbIX MblILLL Y B3POCIIbIX

®. Kykuy', H. Todoposuy? H. LjsusiHosuy’

1CI‘IOmeGHbIL7 obpaszosamerbHbIl yeHmp ronuyuu, nonuyusi Aby-Labu, . Aby-Labu,
ObbeduHeHHble Apabekue dmupamsl,
2TpeHuposoyHbiIli ueHmp Ky6o, 2. benepad, Cepbus

Heap. Llenpio 1aHHOM CTAThU SBJSETCS YCTAHOBIIEHUE BIMSIHMS IIECTUHEAEIbHOW KOHTPO-
JIUPYEMOM ITPOrpaMMbl YIPAKHEHUM, COMPOBOKAAEMON YaCTUYHO KOHTPOJIUPYEMOM AUETOH, Ha
[I0Ka3aTesu KUPOBOM MacChl U MAacChl CKEJIETHBIX MBIIIL Y B3pocibiX. MaTepuaabl 1 MeTOABbI.
Bribopka cocTosia u3 28 y4acTHHKOB CO CIECIYIOIIMMH OCHOBHBIMH XapaKTEPHCTUKAMH: BO3-
pact = 29,70 + 8,35 ner, poct = 177,35 + 9,36 cm, Bec = 105,20 + 27,06 xr. [TapameTpsl cocTaBa
Tena OBUIM 3apEeTHCTPHPOBAHBI JI0 M TIOCHE MIECTUHENENBHOW MPOrpaMMBbl YIPAaKHEHUH M dYac-
TUYHO KOHTPOJIUPYEMOM JUEThI: Macca Tefa, KUPOBask Macca, JKUpoBas Macca TyJIOBHILA, Macca
CKEJIETHBIX MBIIII], MPOIICHT KUPOBOH MaCChI, TIPOIIEHT MACChI CKEIETHBIX MBIIII, HHAEKC MacChl
Tena W MHIEKC TunokuHe3nu. s onpenenenus 3gdexra oT UCIONB3yeMON IPOrpaMMBI U €ro
MarHUTYbl IPUMEHSIICS ABYXBBIOOPOUHBIN t-T€CT IS CBSI3aHHBIX BBIOOPOK M OIIEHKA BEIWIHHEI
a¢¢pekra. PesyabraThl. lllecTuHenenpHas nmporpaMma okaszalia 3HAYHTEIBHOE BIHMSHUE HA HC-
clexyeMble IepeMeHHbIe, IIPH 3TOM XupoBas Macca (—6,75 kr, p < 0,001), xupoBas macca TyIo-
Bumia (3,28 kr, p < 0,001) u macca ckenerHeix Mbi (—0,91 kr, p = 0,003) yMECHBIIWINCH B
pa3HOW CTETeHH, YTO MPHUBENIO K HEOOIBIIOMY, HO CTATHCTUYECKH BaXKHOMY YBEIHYCHHIO IPO-
IIEHTa MacChl CKeleTHRIX MBI (2,60 %, p < 0,001). CHmKeHHEe )KUPOBOM MacChl M MacChl CKe-
JIETHBIX MBIIII] TIPUBENIO K 3HAYUTEIEHOMY TOHIKEHHIO MHIIEKCA MAacChl Teja, B TO BpeMs Kak
WHJIEKC TUTIOKMHE3UH CHU3WICS B MEHbBIIIEH CTENEHHU, YeM HHJIEKC MACChl TeJia, IOTOMY YTO MPO-
LEHT KUPOBOW MACCHI M MPOIICHT MACCHI CKEJIETHBIX MBI UMEIOT OOpaTHYIO 3aBHCUMOCTb. 3a-
kro4enue. lllects Henenp KOHTPOIUPYEMOM MPOrpaMMBbl YIPaXKHEHUH 3 pa3za B HEJEINIO U yac-
TUYHO KOHTPOJIUpyeMas JreTa SIBISIOTCS 3()(HEeKTHBHBIM TOAXOAOM K CHIDKEHHIO MAacChI Tefa, KU-
POBOM MaccChl M KUPOBOW MAacChl TYJIOBHUIIA, a TAKKE YBEJIMUUBAIOT JBUTATENbHBIA MOTSHIIMAT 32
cYeT U3MEHEHHUS COOTHOIICHHS NIPOIICHTA JKUPOBOM MacChl U IIPOIIEHTa MACChI CKEJICTHBIX MBIIIIII.

Kniouesvle cnoea: cnudicenue HcupoBoll MACCwyl, AHCUPOBAS MACCA MYNOGUUA, CHUICEHUE
HCUPOBOIL MACCHL 8 OOIACMU JHCUBOMA, COCMAE Med, 300p08oe NUMAaHue.
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