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ABSTRACT

Objectives: Interventions promoting physical exercise and healthy habits in workplaces have been shown to be
effective in reducing risk factors for metabolic syndrome. This study was conducted to examine the effects of an
individualized conditioning exercise program of IT company office workers with or at higher risk of metabolic
syndrome.

Methods: A total of 444 IT company office workers with or at higher risk of metabolic syndrome participated in
a 3—-month conditioning exercise program. Body composition data using bioelectrical impedance analysis and
cardiopulmonary data using cardiopulmonary exercise testing from 53 individuals (mean age: 34.8 + 7.1 years,
sex : 21% female, height : 170.4 + 6.8 cm, weight : 75.2+12.2 kg, body mass index : 25.8+3.3 kg/m?) who have
successfully completed pre—test, intervention, and post—test were analyzed. The 12 weeks intervention
encompassed: (1) health counseling (2) supervised exercise(endurance-based, aerobic exercise, or circuit
training once a week for 50 minutes at heart rate reserve(HRR) of 77-95%) (3) self-directed exercise and biweekly
health screening checks.

Results: The results indicated a significant decrease in body weight, body fat mass and body mass index,
respectively. Moreover, VOpeak, AT VO, and AT Time significantly improved, respectively. Resting blood
pressure(SBP/DBP) showed positive changes but were not statistically significant. We observed the correlation
between characteristics of participants and rate of changes in cardiopulmonary outcomes of participants, there
are no significant correlation. These results indicate positive changes in body composition and cardiorespiratory
fitness parameters following individualized conditioning exercise program.

Conclusions: Individualized workplace exercise program for preventing metabolic syndrome can lead to
improvements in body composition and cardiorespiratory fitness.
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ARRR] EEASS RE &5 AIEe 70% old<
A Aoz H1 QIck(shii et al., 2018). 0]
o ARRE] 2R 5 FE52 5 Y T4 35 9
HRF ofl=t 44 7 7|89 7]5& ASAA A, H]
g G, 19 7Y AT 27 APYY F8
olo] F|31 QItHOseph et al., 2019). A HASSE
FHES Bluelt Aol OEw, AR 2R thA
T = oY 2EAL T - AE|A LEAL
YA L&A Blsf 1.6181-28 A 7Y =2
o2 YyeEGtiKang & Hwang, 2019).
ARG -2 AETA A% £8 Y 8RIe=
Zhg5tH, ol= SEuEolA Ul AFEE 2, 391E
AR A2 F83% A% BAZ dFHIL Ucklee
et al., 2016). o]#8gt HA=Z AHstal A=st7] ¢
SfiA= 21AQ 50 851, o= AAR oyt
ZZo] gyFolgt HE QHGronek et al.,
2020). 7&AQI 52> @ Aot 2y, A& v
4 37F AE giAb R D @ FA4 A 59 olF
= AlSst, AF A4 9 A 752 A o
= AEEA 8 8% ¢ HE AFY 9l AR o]of
Aoty BAEY JQeKKim, 2011). €5l 150-300
29 AL A AAIEE T 75-15089 I E
AR AAS S 5t AlsS7HE A 4= vk
By =t Haskell et al., 2007; Garber et al., 2011).
TS WY 30 ol FRAR] fAE e S A
 9F 4~9 mmHgd 57 @42 & & A
(Chobanian et al., 2003). 48] ALoA AL &
= B, AEZAE, ey, A4, Hikh
AHE, FAAGAYY AAGFHFT F2 AATA
9 AETA Aeshy X 3o] tigt FHAR1 5 B
IEJHGo et al., 2007 Hyoung et al., 2008;
Kim, 2019). 3t HZ Aolxe f4tae 50 &
Y 52 AT EFE0] AAGAG WHIle] ¢ &
FFS = 237 EuET ltHAngulo et al.,
2020). A 50 48 52 2, f4ta
L& AA| oA 241 XS AH|5k, £
o8 Y AR dwde A4S S35t Ak
= =9 A aFoE A ¢ ok =
(Chen et al., 2021).
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753 2o HHg} = Qo vt 7+

A o s ARSHEAIYAR o] LHE o]
g FEotal JtHHwang et al.,, 2018). 134
R 2 AR T2 Aol FAUskE
A 2HE w50 #gkE HolFr|x shATE 7iQl
o] B4 12t et HIlE JSSHA] Eokal vk
(Sjpgaard et al., 2014). o]&3t o]F-=2, H37} 14
7] HoliAl= 7i7R1S] B4 He AAA S =
2] dgsirt. olof] Ff IT 7] NAIA = 12
F 3¢ sk B E ATk s ZEIHS
g AEste] AH 2229 AR A 2 7
HEE SIth & doAe ARl 28IE
SRRt 125 Y] #AA]] BIso] HASSE

AT AAFE E AETA A E HIof| nX|=
g H|u EAsto] ARRE] F2EAE] AR A
g &5 Z=TWO| AR TE HSSHAL gt ESE
7H7RR1e] AAIA EA3 AETA A E #gke] A
= A5t Hed *5oAe a9E ASotalAt of
Aot &2 AfolA= AR 2EAE tide=E gt i
=3 A 178 &5 ZETo] AAlY E AE
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EElei=g
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2 M Mo ¢
Oo"éi l [0

1. AL4A

2 A= ¥ T2 Fofdt ARy AFRZRER
A2 e s Ae adsE FAScH] A 9dIF A
HAASAAF AAl(one group pretest-posttest design)

ol}.

2. ALY

B71& A 24 NAF 390 & 444780 37HE]
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Table 1. Demographic characteristics of participants (N=53)

, Total(N=53) Male(N=42) Female(N=11)
Variable
Mean+SD*
Age (years) 34.8+7.1 35.3+7 33.147.3
Height (cm) 170.4+6.8 172.945.2 16143.3
Weight (kg) 75.2£12.2 79.1£9 60.4+11.9
Body mass index (kg/m?) 25.8+3.3 26.512.7 23.3+4.1

TMean1SD : MeantStandard Deviation

ot 27] 478U A A =ACNA ERABARR)
A F 13] 50& F3t 5ol AF=HA.
Bl itads 2583 dEts 2580

HolS EA3t & American College of Sports
Medicine(ACSM)9] 7to|=gfelo] we} 7lEsts]o] A
A=At (Garber et al.,, 2011). 844 =7
Borg X 6-20(Williams, 2017)°l4 14-179] =
Y& (rating of perceived exertion, RPE)°l 33
5t o S AlgkH(heart rate reserve, HRR)Z ©|-&
sto] 60-89%9] ZHHAMHSE JRHoE FTlSHES
A=Ak Bayles, 2023). EFF A4 S50 E HH
o &% RPES} ZHHAMSE arsto] dids 95
9] 579l 28-25(cardio burning exercise)= A
Pt B 5= XWok= < SYUABAES A
AZre g2 H3 AHteE gRIstglon 7F 25 Al &
RPE #Z 71551, 7HAECIA 5718 Folste=
st

o|% 85 & AT #2AQl Bt st
E i 9 2RIE B9 &5 1S, XA 2 = 5
o] o 23 7141 AojzZr oo XY=t of
A= o7 At BQE Aol F4A 347 B2t
gt AA E5(HRR 60-89%, RPE 14-17)2 SH=%
A= AolZdyoldE B A &5 ¢l %
A4l = J=FE A=

ot & ofl

4, A0
1) AT XE

AE, AAYE, AdZFAs= 242 Y=+ 54
of W& A7l A=A Aelg o83t AAl =
d&she BANNAISEH FaS ARt S5t

A}, g E=7HInbody970, Inbody, South Korea)
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Figure 1. Cardiopulmonary exercise testing on office worker
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4=7] dU(resting systolic blood pressure, resting
SBP), AAFA] o]l EU(resting diastolic blood
pressure, resting DBP)& 2= ARE5FtH(Earnest
et al., 2014; Ostman et al., 2017). 5% S7H A
A7 5Z ATl a A= A B71E 4= = A
71e- 555 A Quark CPET, 2021111989, COSMED,
[taly)E AA8M.9 M Bruce ramp protocol& &-&5}
FHWest et al., 2016) (Figure 1). AARFY Az} of
Aok} AR5 EU=A47](Tango, M00112481, SunTech
Medical, USA)E &l ==7] E<, o] S, Ak
£ Sttt 7kAE4(Quark CPET, 2021111989,
COSMED, Ttaly)& &3l At HH=FS S5

5. 22 A

B Ao nE gk PFFY EFHAmeant
standard deviation)& H7|o}}tt. 12F7H9] &5 =
23 A - 30] AA AE D AFGIA A ;7 Hol7ro
HWE 3l S t-AA(paired t-test)S AAISHA
7+ AR AXEAT 9% mz W A - 59| Al

A A ;o] Mo 4 J&"é% 1] 0j<&(Pearson) At
TALE AEsto 7 TlelsttiSchober et al.,
2018). TE 7o BAEAL SPSS 28.0(IBM,
Armonk, NY, USAYE ol-&st3lon, 7S fIgt
FAEL ¢ = 0.052 A5t

m.z i

1. MAITA XIES| XH0| 24
AIAEY] AATA AF= Table 29} 2y, A

WY AF A - 5 A FUe 127719 AUAY

2% 2% U4 A 3.5 ke 7 ﬁ}aa v, GO
2 3.9 kg BaEkgoM, AYIFL 2.1 ke H45H9
ok A4 A @A, HIE BE A - T WRA

2o tiet 45 23 $AKe= v«]om‘:}(p@.OS).
A 7R iﬂxl‘:‘*ak -5 83N E2H=32ke
¢°P°E‘°E1 W 1EZ 3.6 kg HAskylor, o4

e 1.8 kg 7*510}935}. A A7k &4, 8L
] E: -5 ggAel Ut 4S5 23 A=
TRt Aol ‘%EHHO*E}(MO.OS). TR A 7R
o AdgAF A - & HA Ak 1.2 kg/m® 4t
Aom, GAHIFS 1.3 kg/m® AAsHAon, o441
= 0.8 kg/m2 Al oL M o B pd ol S i i R
IF BF A - 5 ggAo] i 45 23 $A%eE
TR AfelE UER A (p0.05).

2. A=A X|HQ| xt0| M

AHAES] AEEA A H= Table 39+ 2ot AA|
71 VOzpeak A5 AA Ao 12579 A
gy &= iﬂ.ﬂ“/\] A 4.4 mL/kg/min &715}
nom, "“31 2 4.3 mL/kg/min 75}, o
I 4.5 mL/kg/mln S7Fetdet. AA 7R
AT VOz A - 74/\} ZAi= 4.8 mL/kg/min S71st
Rom, FIF2 4.3 ml/kg/min F7F63oH, o
188 6.5 mL/kg/mm S7Fotdet. AA| Z7EAke]
AT time A - & HAF Z3E= 66.6 sec 57}3]-@ o,
HATIEL 56.8 sec E7F0I3 oW, JAIEFL 93.1
sec ‘6‘7]'01'/&1\1:}‘- AA 7t 94, 04"33-'5 s
VO,peak, AT VO2, AT timeQ] A - & Hotx] Z}oj

Table 2. Changes in body composition before and after intervention

Variable Pre(MeanSDT) Post(MeanSDY) p-value

Total 75.2£12.2 71.7£11 001"

Weight (kg) Male 79.149.0 75.2+8.1 <.001"
Female 60.4£11.0 58.3+10.6 £.001"

Total 21.746.5 18.5¢5.5 001"

Body Fat mass (kg) Male 21.846.5 18.245.5 <.001"
Female 21.446.7 19.615.6 €.001"

Total 25.8+3.3 24.6+2.8 001"

Body mass index (kg/m?) Male 26.4+2.7 25.142.3 <.001"
Female 23.3+4.3 22.5£3.8 .001"

TMean1SD : MeantStandard Deviation "P<0.05
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Table 3. Changes in cardiopulmonary outcomes before and after intervention
Variable Pre(MeantSDT) Post(MeanSDT) p-value
o Total 35.616.1 40+6.7 <.001"
VOypeak .
(mL/kg/min) Male 37.245.8 41.5+6.5 <.OO1*
Female 29.542.1 3445.0 {.001
Total 24547 29.316.4 <.001"
AT VO, .
(mL/kg/min) Male 2515.1 29.316.7 <.OO1*
Female 22.6154.7 29.1+85.7 {.001
' Total 400.1+98.6 466.7+98.9 .001"
AT(SZS‘G Male 413.6+109.1 470.4+102.7 oo’
Female 359.5+11.5 452.6x11.3 001"
Total 123.2+12 122.7+13.2 .75
SBP Male 125.5+9.1 126.2+11.2 665
(mmHg)
Female 114.6£10.5 109.4+11.4 .092
Total 83.319.4 80.3£10.5 .064
bBP Male 84.6+2.4 81.143.6 075
(mmHg)
Female 7818.8 77.116.4 .634

TMean+SD : Meantstandard deviation 'p¢0.05

VOgpeak: Peak oxygen uptake, AT VO.. Anaerobic threshold oxygen uptake, AT time: Anaerobic threshold time, Resting
SBP; Resting systolic blood pressure, Resting DBP; Resting diastolic blood pressure

st A3 237t BARCE RS ATHp<0.05). A
A F7FAY] resting SBP Z23= 0.5 mmHg 7T4AE

Helom, o415 5.2 mmHg
F SAAHCE {3t Xol=
Z}+9] resting DBP A¥}+= 3 mmHg

=
FAE=

GAIEL 3.5 mmHg

=
nAE

B

Rigich ek A 2

=
HaE

Hylom,
Hyow, og4aF2

0.9 mmHg #ASIAAT BF SAZHoR [ogt 2

ol U

3. 7S MM EQ1 HEBA KR HeE o
22
A7HAE AAE B4 oY 25 2209 A

- 39| AETA A& H3ke9| AA = Table 42+
2k HEL] dol, 71, A, AALE, Ad=gAS
9} & A - T VOzpeak, AT VO,, AT time, resting
SB, resting DBP W3k&to] {23t g2 UEht
A kit

Table 4. Correlation coefficient (r) between characteristics of participants and rate of changes in cardiopulmonary outcomes

of participants

Variable VO,peak AT VO, AT time SBP DBP
(mL/kg/min) (mL/kg/min) (sec) (mmHg) (mmHg)
r -.054 118 .078 -.154 -.131
Age (years)
p-value .702 .40 .578 272 .351
. r -.061 -.168 -.038 .159 -.014
Height (cm)
p-value .664 .229 784 .2b4 .923
) r .085 -.002 .042 .095 .068
Weight (kg)
p-value .543 1991 .766 498 .63
Body mass index r .188 130 044 054 071
(kg/m?) p-value 179 353 755 703 611

VOgpeak: Peak oxygen uptake, AT VO.. Anaerobic threshold oxygen uptake, AT time: Anaerobic threshold time, Resting
SBP; Resting systolic blood pressure, Resting DBP; Resting diastolic blood pressure
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o QAT AP A ZRASS Ao o AT
AY o% mEade A% aRe AFHET. A%
W 24 A3 2209 FoiEe) ATy 2 A
g Aol O WSk FIF 5 Y
B AT 2 ARY 2EA g 4998 e
125 59 RPE 15-169] s93hs el 2305

83t Addto] fixto] Hls] w2 AlST AR
o] A4S Hugh APA+ Aaet LARTHKim et
al., 2017). FAAQI Eg-5-2 A2 ZL2AF9] A4
Aot 2 AA Gl 344 Mk
VAo, ZHE qARSTTY] ool 7148 4= 30|
SRIEATE. EZH AFFE] 22} HY 682 o=
1057+ modified Borg scale®] 3~6 RPE (Borg's
scale 12-15 RPE)°| d@ol= A2 fAE 52
A3 A AN AT, AL, AdZFA+Y
493t A7 B EdY (Rodriguez-Hernandez &
Wadsworth, 2019). 134 AdHA X ®9 /fA
A UetA] git=d, o= & Z=113o| &
7IAF=oAl RPEE 7|Hto.2 AHY3st Fro] &5 &
Yoty WP 7] wWZolal A&siltt. &5 &9
R 2 AFFEQ] A, Aol tig :5AE
HHo)7] wjzol thF-E9 R AgEA A H
HIE do7 B3 o] &5o] LEsk= o 2%
AAE 8 GAGHA 7Fs7dol Ak
(Skatrud-Mickelson et al., 2010).

2 AFolx= AEHA AR E3 FsHA #H
Th= HolA A8 dtek= Atol7t ok 125 5% 4
A ZFA7HRS] VOypeaks 4.39 mL/kg/min, AT VO,
2 4.8 mL/kg/min, AT time< 66.6 sec 575
ot & A7 &5 Z=I30A+= RPE £9F ofyY
ot Z7HAEY] AlEEsRotaA 22 7IHte g g
Qle]l Hx AEeE F7lste] ACSME] 7ho|=gil
ot AEA vhsof A3k ARH] 5 BEE
AAo1%7] HECZ AlmEtHBayles, 2023).

<24} 672 dFe R 3§ 125 B9t FZET
oA JNEste FFE 5 AEE 283 AolA
+ Ao R+ Hs] =2 VOzpeak? 7=
Bysiglon, o]& Qg A8 2|19 ¥al= A8
AL Agko] ot & JjAof AN FFS mXIT
FSHAHGram et al., 2012). o= ARl A7

=

SHO.
230e
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+5 ZEIHY 33E P77 HsiAe 5Ol
S=2AF 7119 AlAA T A|SHESE FA = ofoF
sh, 22 7119 E4o 9HA 28T 87T U=
= AARITE Ee AT e AYgATE EY
1259 5=Z2 73S 5 AMZEAY resting
SBP¥} DBP7F ZH2}F 2.08 mmHg, 3.25 mmHg @4
HE Aoz Bt Osiecki et al., 2013). & A
T Ao M E 12557t AA| Z7EAFS] Resting SBP2
0.49 mmHg(0.40%), Resting DBP2 2.98 mmHg
(3.60%)= X4 zpo]7} AA|qt ZAdh= HIE Hof
A7y A Axpel At

EF HEAQl € HERl 33 S tLE 3 &5

AAlA AR, 71, AAF] T2t VOzpeak, 253
& 59 AelE HidpeH, 25 FAe iU
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Ao|gta FA5E9tHLee & Lee, 2000; Shamsi
et al., 2011). & AolA= 7A=Y Yol, 71, Al
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A - & VOypeak, AT VO,, AT time, resting SB,
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ELF FAOEY 90T BF &5 A - F VOspeak,
AT VO,, AT time?] #2J3t H3lE SRIT 4= U1t
ol £ XFI=ETIHo] tiidAolA wEskE AR
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TS, & A9 A= ANE ZEA HAe
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SEF AR e 28 2ol AA 43 A
A AR 3GA FFE U F e HAE
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