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Measurement of Energy Expenditure Through Treadmill-based Walking and

Self-selected Hallway Walking of College Students
- Using Indirect Calorimeter and Accelerometer
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ezt o RaGe. i Objectives: The objective of this study was to assess energy expenditure and metabolic cost

Nutrition, Gangneung-Wonju (METs) of walking activities of college students and to compare treadmill based walking
National ’University 7 Jukheon - with self-selected hallway walking.
gil, Gangneung, Gangwon-do,

Methods: Thirty subjects (mean age 23.4 + 1.6 years) completed eight walking activities.
25457, Koera

Five treadmill walking activities (TW2.4, TW3.2, TW4.0, TW4.8, TW5.6) were followed by

three self-selected hallway walking activities, namely, walk as if you were walking and

Fax: talking with a friend: HWL (leisurely), walk as if you were hurrying across the street at a
ax: (033) 640-2330 .

T cross-walk: HWB (brisk) and walk as fast as you can but do not run: HWF (fast) were
E-mail: ekkim@gwnu.ac.rk . . . .
ORCID: 0000-0003-1292-7586 performed by each subject. Energy expenditure was measured using a portable metabolic
system and accelerometers.

Tel: (033) 640-2336
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Results: Except for HWF (fast) activity, energy expenditures of all other walking activities
measured were higher in male than in female subjects. The lowest energy expenditure and
METs were observed in TW2.4 (3.65 £ 0.84 kcal/min and 2.88 £0.26 METs in male), HWL
(leisurely) (2.85 £0.70 kcal/min and 3.20 £ 0.57 METs in female), and the highest rates were
observed in HWF (fast) (7.72 +2.81 kcal/min, 5.84 +1.84 METs in male, 6.65 + 1.57 kcal/min,
7.13+£0.68 METs in female). Regarding the comparison of treadmill-based walking activities
and self-selected walking, the energy expenditure of HWL (leisurely) was not significantly different
from that of TW2.4. In case of male, no significant difference was observed between energy
costs of HWB (brisk), HWF (fast) and TW5.6 activities, whereas in female, energy expenditures
during HWB (brisk) and HWF (fast) were significantly different from that of TWS5.6.

Conclusions: In this study, we observed that energy expenditure from self-selected walking
activities of college students was comparable with treadmill-based activities at specific
speeds. Our results suggested that a practicing leisurely or brisk walking for a minimum of
150 minutes per week by both male and female college students enable them to meet
recommendations from the Physical activity guide for Koreans.
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KEY WORDS physical activity, treadmill walking, self-selected walking, energy expen-
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Table 1. Descriptions of 8 walking activities
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Walking activities Categories Speed (km/h) Description of walking activities
Treadmill TW2.4" 2.4 Slowly walking D
walking W3.2 3.2 Slowly walking @
W4.0 4.0 Usually walking @
wW4.8 4.8 Usually walking @
TW5.6 5.6 Quickly walking
Self-selected HWL? Leisurely Walking as if you were walking and talking with a fiiend
hallway walking HWB? Brisk Walking as if you were hurying across the street at a cross-walk
HWF4 Fast Walking as fast as you can but do not run

1) TW: freadmill walking

2) HWL: hallway walking leisurely
3) HWB: hallway walking brisk

4) HWF: hallway walking fast
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Table 2. Anthropometric measurements of subjects

Male Female Total

Qo] A% Aok Table 29 2k, gl N=15 (=15 (N=30)
5 AL Il 235+ 1,140, oIz} 23.3+ 2,042 A Age (years) 23.5+ ],11' 23320 234%= 1.6
Hﬂoﬂ [L]E o 94‘?5} i}o]_e— EO]X] oJ_oLr/]_ A 78'3’4— %]]Z—Q- w Height (cm) 1732+ 4.6 159.1£40 166.1 £ 8.3
= == = veon Tl e O H Weight (ko) 7671125 540+9.0 653%15.7
27} 173.214.6 cme} 76.7112.5 kg= ojz}e] 159.1+ Body mass index o554 35¢ 213428 034+ 38

4.0 cm$} 54.019.0 kg th F-oaHA| =4 Yebtorn A1 (kg/m?? T S S
B3} AFE ol galol AN LA BMD T app POV 232k 78 302582 267+ 7.4
Fat free mass (kg 58.1+ 5.4* 37.4+£38 47.7%+115

25.5+3.5 kg/m*& oJ=}9] 21.3%2.8 kg/m?H.t} {25t
Al E=oket, wat AR (kg) 2 A7 58.1+5.4 kg® o]
2} 37.4% 3.8 kgell Blato] f-oJakAl ot AR (%)
o)M= o217} 30.2+5.2%% HAF2] 23.247.8%0] H]a}

o frol3h 9k

1) Mean £ SD

2) Weight (kg) / [Height (m)]?

3) Measured by Inbody 720

4) Weight (kg) — Fat mass (kg)

* p < 0.05, Significantly different between male and female
by Mann-Whitney tfest

Table 3. Energy costs of walking activities measured by indirect calorimeter

Walking activities Speed Sex VO, (mifkg/min)” EE (keal/min)? METs® Intensity®
Treadmill ™Ww2.4 Male 9.92+0.87** 3.65 £0.84* 2.88 = 0.26** Low
walking Femnale 11,64+ 1.48% 2.97 +0.63 3.36£0.44 Moderate
TW3.2 Male 11.02+0.91%* 4,09 +0.95*% 3.20 £ 0.27** Moderate
Female 12.87 £ 1.59* 3.30 £ 0.66 3.71+£0.47 Moderate
W4.0 Male 12,92+ 1.36%* 4,80 £1.25% 3.75+£0.39** Moderate
Female 14.85+1.63 3.81 £0.65 4,28 +0.48 Moderate
TwW4.8 Male 14,70 £ 1.08%** 543+ 1.01% 4,27 £0.33%** Moderate
Female 17.77 £1.64 4,58 £0.70 5.12+0.48 Moderate
TW5.6 Male 17.77 £1.27%%* 6.58 +1.23* 5,17 £ 0.39%** Moderate
Female 21.55+1.77 5,57 +0.70 6.21 £0.51 Vigorous
Self-selected HWL (leisurely) Male 10.63£2.19 3.90 £ 0.85%* 3.00+0.44 Moderate
haliway walking Femnale 11.03+1.94 2.85+0.70 3.20+0.57 Moderate
HWB (borisk) Male 17.79 £3.23 6.58 = 1,63** 512+0.92 Moderate
Female 18.11 £ 3.06 4.67 £1.07 522+0.90 Moderate
HWF (fast) Male 20.40 £ 6.21** 7.72+2.81 5.84 +1.84* Moderate
Female 24,75+ 2.36 6.65+1.57 7.13+£0.68 Vigorous

1) VO,: Volume of oxygen consumption
2) EE: Energy expenditure
3) METs: Metabolic equivalents

4) Compendium of physical activities: METs intensities (Ainsworth BE et al 2000)
Llow: <3.0 METs, Moderate: 3.0 - 6.0 METs, Vigorous: >6.0 METs
* p <005 *: p<0.01, *** p < 0.001, significantly different between male and female by Mann-Whitney u test
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Table 4. VM (vector magnitude) and METs of walking activities measured by accelerometer

Walking activities Speed Sex VM (CPM)" EE (keal/min)? METs? Intensity®
Treadmill ™w2.4 Male 242,98 £ 88.91 0.44+£0.30 1.02+0.08 Low
walking Female 229.22+ 75.45 0.30+0.20 1.00+0.00 Low
TW3.2 Male 309.18 £ 82.89 1.29 £0.58 1.21+£0.27 Low
Female 323,98+ 97.72 1.00 £0.50 1.28 £0.32 Low
™W4.0 Male 428,61 £ 93.36 3.24 £ 1.49%* 2.59 +1.06 Low
Female 46510+ 135.14 1.92+0.91 2.15+0.79 Low

TW4.8 Male 585.71 £104.00 5,28 + 2,07 %%** 4,09+ 1,14%* Moderate
Female 584.87 + 169.28 2.43+1.36 2,70+ 1.26 Low

TW5.6 Male 726.04 +128.93 6.26 £ 1.,93%*x* 4.88 = 1.05* Moderate

Female 721.69 +223.35 3.23+1.57 3.63 +1.49 Moderate
Self-selected HWL (leisurely) Male 358.72 £ 89.39 1.70£1.32 1.61 £0.84 Low
haliway walking Female 35419+ 95.30 1.04+0.89 1.38£0.61 Low

HWB (borisk) Male 762.77 £ 146.86 6.57 £1.89%** 5.08 £0.83** Moderate

Female 707.97 £188.12 3.08 £1.39 3.46+1.29 Moderate

HWF (fast) Male 879.78 £190.27 7.13 & 2,27%%%* 5,49 £ 1,11%* Moderate

Female 753.30 £ 237.62 3.32+1.53 3.75+1.55 Moderate

1) CPM: Counts per minute
2) EE: Energy expenditure
3) METs: Metabolic equivalents

4) Compendium of physical activities : METs intensities (Ainsworth BE et al 2000)

Low: <3.0 METs, Moderate: 3.0 - 6 METs, Vigorous: >6.0 METs

* p <005 **: p<0.01, *** p < 0.001, significantly different between male and female by Mann-Whitney test
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Table 5. Comparison of energy expenditure by indirect calorimeter and accelerometer

Energy expenditure (kcal/min)

Walking activities Speed - -
Indirect calorimeter Accelerometer

Treadmill Ww2.4 3.31 £ 0.81##x1 0.37£0.26
walking W3.2 3.69 + 0.90%* 1.15+0.55
TW4.0 4,30 £ 1.10** 258 +1.39

W4.8 5.00 £ 0.96%*x* 3.86 £2.23

TW5.6 6.08 £ 1.171%*** 4,74+ 232

Self-selected HWL (leisurely) 3.37 £0.94%* 1.37£1.16
hallway walking HWB (brisk) 5.62 & 1.62%%+ 4.82+2.41
HWF (fast) 7.19 £ 2,30%* 5221272

1) Mean £ SD

**: p < 0.01, #** p < 0.001, significantly different between indirect calorimeter and accelerometer by paired t-test

Table 6. Correlation coefficients between energy expenditures measured by indirect calorimeter and accelerometer

Walking activities Male (N=15) Female (N=15) Total (N=30)
Treadmill ™w2.4 -0.031 0.825%* 0.338
walking w3.2 0.118 0.774%+ 0.430%
W4.0 0.161 0.550% 0.419xx*
w4.8 0.584* 0.517* 0.675%*
TW5.6 0.614* 0.573* 0.700**
Self-selected HWL (leisurely) 0.223 0.8471*x* 0.513**
hallway walking HWB (brisk) 0.717%* 0.745%* 0.835%*
HWF (fast) 0.627* 0.173 0.510%*
* p < 0.05 **: p < 0.0]1, significant correlation at by correlation
5_ %‘_[“..8_ 'I:Il'ﬁ 9:% i _E_ |Qt '|t/\E'|1| é?g?_} 0"L-| Bias(®%) Tw24 TW32 TW40 TW4E TWSE HWL HWE HWF
0.0% 7 % V/,
AAHF e HTEY Z 7 7
7’
87V 7] BB FATH B A8 T ) (Fojs e é e 7
- = -23.1% -229%
PUBIARL |G AT LE AGALIG %
2t (keal/min) 7e] ARAA S BERT BAG Aspe 100% %

Table 63 2t}

kel A= EdEdelAe] TW4.8(=0.584) ¢}
TW5.6(r=0.614), 3%=77] HWB (brisk) (r=0.717) £},
E=77] HWF (fast) (r=0.627)2] olyA| A&H|#1tol= 2]
HQE k] AHAIE Bl WhA, oizpe] A Hd
7] HWF (fast) Z A3t B 72785 ox F oz =
I 1 R Bl o S At B % u A VR
o B A ool A Q] AdiiAlE *bﬁ‘ﬂ Egey
o -] TW2.4 &5 53 A| 7 17li~rE1 /15 R B
H &7kl = |3l E FATAE YeERA %}9}24,
TW3.2(=0.430), TW4.0(r=0.419), TW4.8 r=0.675),
TW5.6 (r=0.700) &% olIM= ol st o AdaAE
AT} EXoA 3 37HA] EEelliE B2 o9l
o] A7} el 53] HWB (brisk) %PEOM %
A o7 7P =8 o) AT (r=0.835)% B, o
wA] 5 % (HWL (leisurely), HWF (fast)) olA= 25

rlr il

w
(]
o
*

-60.0%
53.6%
0% 63.6%

-80.0%

-100.0%

Fig. 1. Assessment of predicted METs by accelerometer based
on bias

Bios : [(predicted METs by accelerometer - measured METs by
indirect calorimeter) / measured METs by indirect calori-
meter ] x 100

M NEEHE FFHS METs

FOe A 3ETIAREATZE 248 METsghS 7152
2 7EEAS o)gale] 343 METs%e] #lo)& 27] &
o) wl} v wa B Fig. 13} 2t}
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Fig. 2. Comparison of energy expenditure of freadmill walking and self-selected hallway walking
* p < 0.05, Significantly different between walking activities by One way repeated measures ANOVA

5 71712] METs#e] 27] &8 #o] (%) 5 A nw
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7] 7] 55 FHsh= T FlE T T8
A7NE ol8ato] ST olUA 2H]%F gk (keal/min) 2] =
715 A del ule} vl wa ¥ Fig. 23 2t}

2ke] B227] HWL (leisurely) %52 olux] An|gk
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FH Lt g2 A I el gk Balo] ol
off w22 A 14 9l SX Fad e i
2 Q1] 53] gl Feglo] & 5 e 7%
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Al 27 S5 24 she 27] (Self-selected walking)
Ho] 9Tt 9]arel A= o] 9 2o A7) BE-S SralaluAl

o= T o
AaAFT R oA 20k S A0 R1e)
AAEEE B 9 25 FAeHE BA A5 [4

17, 18] Ras|ar gl o}, sulell= oA 7kA] o] g} 22 A
T7F B3 Aol

Table 304 RZo] EFEA ] 5714 27]|8F Y

Eof|xe] 3714 27 B BFellA, ofaprct HalelA
DM AT A F % (ml/kg/min) ©) 257 | E=90t).

ol9} & Avb= 200 FEH (179) & o= ¢t Lee

F[27]9] A7 4 200) AN 52788 = S Lee
[13]¢] A2z} At
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oIz}t 41}011 HlgA o %2 &5 %‘EE

o]™ [13], o= dq k] -5 . A%
=L ”:]'T:[lG] 3 7tset F
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kg/min)- o127} HAR T f-2) SHA| MAJ% o= 4]
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A7} oAz folEHA 52 AlF 3 A Ec)
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km/h) 9] 7] & Al9] oAb S0t 15
ol AT A= A, 4 km/he] A7) BE A8 Abak
H 2 (VO,) > 12.84%1.56 ml/kg/min® = Ao A
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