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Department of Food and jectives: Accurate assessment of energy expenditure 1s important for estimation o

Nutrition, Gangneung-Wonju energy requirements in athletic children. The objective of this study was to evaluate the
National University, Gangneung ~ aceuracy of accelerometer for prediction of selected activities’ energy expenditure and

25457, Korea. intensity in athletic elementary school children.

Tel: (033) 640-2336 Methods: The present study involved 31 soccer players (16 males and 15 females)
Fax: (033) 640-2330 from an elementary school (9-12 years). During the measurements, children performed
E-mail: ekkim@gwnu.ac.kr eight selected activities while simultaneously wearing the accelerometer and carrying

ORCID: 0000-0003-1292-7586 the portable indirect calorimeter. Five equations (Freedson/Trost, Treuth, Pate, Puyau,
Mattocks) were assessed for the prediction of energy expenditure from accelerometer
Received: August 24, 2017 counts, while Evenson equation was added for prediction of activity intensity, making
Revised: October 13, 2017 six equations in total. The accuracy of accelerometer for energy prediction was assessed
FEegpiR Uslinloge L2, 20T by comparing measured and predicted values, using the paired t-test. The intensity
classification accuracy was evaluated with kappa statistics and ROC-Curve.

Results: For activities of lying down, television viewing and reading, Freedson/Trost,
Treuth were accurate in predicting energy expenditure. Regarding Pate, it was accurate
for vacuuming and slow treadmill walking energy prediction. Mattocks was accurate in
treadmill running activities. Concerning activity intensity classification accuracy, Pate
(kappa=0.72) had the best performance across the four intensities (sedentary, light,
moderate, vigorous). In case of the sedentary activities, all equations had a good
prediction accuracy, while with light activities and Vigorous activities, Pate had an
excellent accuracy (ROC-AUC=0.91, 0.94). For Moderate activities, all equations
showed a poor performance.

Conclusions: In conclusion, none of the assessed equations was accurate in predicting
energy expenditure across all assessed activities in athletic children. For activity
intensity classification, Pate had the best prediction accuracy.
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Table 1. Description of the eight activity trials

Activity fype Activity trial Description of the activity trial Dt‘rﬂl‘]’”
Resting Llying down (LD) Lie on floor mat or cot in supine position, awake with arms at side. Instructed to 10
minimize all bodily movements
Sitting Reading (RE) Sit down and read a book they liked 5
Television viewing (TV)  Watch a video while sitting on a comfortable chair without getting up at any time 5
Lifestyle Vacuuming (VA) Clean the floor of 3.6 x 4.5 m by vacuum, subject’s self-selected pace 5
Stair climbing (SC) Walking up and down a flight of stairs at a steady pace of 88 steps per minute 5
Treadmill Slow walking (SW) Walking on a freadmill at 4 kph (2.5 mph) 5
walking Brisk walking (BW) Brisk walking on a treadmill at 5.6 kph (3.5 mph) 5
Running (RU) Running on a freadmill at 8 kph (5 mph) 5
7t Fgo] P F 51081 FAL HAEF ol vy = FAIHIlom 717} g Wk ofeh(4.6x 3.3 1.5
ol mA = YEFE Haslsislrt cm), o] °F 19 g0 = w-¢- 7PHTE. & Aol H5et

5]
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Table 2. ActiGraph prediction models

Subjects Cut Point of ActiGraph
Age Mean o i
Authors Activities Equation
NEJ,\TE]G’ (year d SEDV A2 MPAY  VPAY
! range)
Freedson 80 11.3  Treadmill walk and run MET, = 2,757 + (0.0015 x counts/min) — (0.08957 x age(yr)) — <100 >100 >2220 >4136
et al. (2005) (39.41) (6~18) (0.000038 x counts/min x age (yr))
Treuth 74 14.1  Rest, watch TV, computer MET; = 2.01 + (0.00171 x counts/30 sec) <100 >100 >3000 >5200
et al. (2004) (0, 74) (13~14)  games, sweep floor,
freadmill walk and run,
aerobics, bicycling
Pate 29 4.4 Rest, slow and brisk walk, jog VO, = 10.0714 + (0.02366 x counts/15 sec) - <4199 24209 >842%
et al. (2006) (13, 1¢) (3~5)
Puyau 26 10.7  Wal, run, computer games, AEE = 0.0183 + (0.000010 x counts/min) <800 >800 >3200 >8200
et al. (2002) (14,12) (6~16)  playing with foys, aerobics,
skipping, jump rope,
soccer
Mattocks 163 12.4  lying, sitfing, slow and brisk ~ PAEE = -0.933 + (0.000098 x counts/min) + (0.091 x age(yr)) —0.04 (sex) <100 >100 >3581 >6130
et al. (2007) (73, 90) walk, jog, hopscotch (M=0, F=1)
Evenson 33 7.3 Rest, watch TV, coloring ROC curve (ho equation) <100 >100 >2296 >4012
et al. (2008) (12, 21) 5~9) books, slow and brisk walk,

stair climb, basketoall,
jumping jacks, run

1) SED : Sedentary activity

2) LPA : Light activity

3) MPA : Moderate activity

4) VPA : Vigorous activity
5) Per 15s, all other counts reported per minute
MET; : Metabolic equivalents, VO, : Volume of oxygen consumption (mikg/min), AEE : activity energy expenditure (kcalkg/min), PAEE : physical activity energy expenditure (KJ/kg/min)

3% - 9lY

ﬂ
=4

B

‘o=

L
=2

BBk b=

=2
=



ore] ZAgkS BAA T o ARSI 1087 =45 35
G2 7~9% Apolel] 7158 EloEl S AMS-SIATHS

N ot

—

1) A 2HF AF

ActiGrapha ©]-83to] 72tk ofglo] v g2 FollA
&= AT tdAe] RS aElsle] 674419 g4 et

Ath(Table 2). ] Sl4 Evenson & [19]2
operating characteristic (ROC) curveE ©]83}o] A4
5] T 7154 (cut off point) TS A|otsl o ®
Fg 2ol 3] AUA] AnjES AtEdhe e Ak
SRt 2 Aelld AuFH F717F 1022 2ok 715
SAI9] counts #h> 7+ FF A o] ARE-E]= A Weel gt
7l 60% (counts/min) F+ 30% (counts/30 sec), 15
(counts/15 sec) = AHFet 5 o] gk} § 25 A
W, AlF, Yol 55 7IEEA 424 didste] oy
2] 2B]EE ARSI

ActiGraph FY 202 |53 ofv#] 4n=F} Foi§
A ZF7E BATIE S oUA] 2nEE vlweh]
A, Flg A EF7R 2A71E 7% V0,9 VCO,
© T 2ol AXlsto] @18 SUAIZT 3R, MET,
W 2 DrelM S oA A|5=s Schofield’s®] 5
2] (Schofield 1985) = A3} o= rate energy
expenditure (REE, kcal/min) Z thr #Oo.E AT
[22]. o]+= o]#o]o|A] Standard 7] (1 MET=3.5 ml/
kg/min) 2] MET #k& 28 A ol|#] AH|Zo] HAg7}
g 7FsAdo] s Pulsford 5 [23]19] A4 A= Ef
2 AR Aotk B4, VO 13 ST AR S
22l VO,(ml/kg/min) 2 At AlAl, activity
energy expenditure (AEE, kcal/kg/min)+= thidA1] &
o LX) An]Eell A Schofield?] 4248 AHE-38te] 54
Hg A o Yx] 2H|2E(REE)S 7HAF8ke] Alakelict, vl
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KJ)E wato] AXlsisitt.

7t F7 o] Aljksh= AASE e 7o Y-S ¥
7¥staiAl 71 A1) counts cut point ke Table 29 2
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moderate activity (MPA) % vigorous activity (VPA)
eI ool FAETE S st ol R] AnlEF gk
< Trost 5 [8]¢] #Igtst 7]l wbe} Table 37} o]
SED, LPA, MPA 9 VPA®R #583itt.

A - A - o] B - oA - A2 - 417

Table 3. Cut off points of physical activity infensity by Trost (2011)

AEE VO
MET," (kaclkg/min)" (ml/ké)”
Sedentary activity <15 <0.015 -
Light activity 1.6~3.9 0.015~0.04 >20
Moderate activity 4~59 0.05~0.09 20~29
Vigorous activity =6 >0.10 >30

1) Measured by Cosmed K4b?
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gl3zolrt, olu] 54 AALe] &%= The area under an
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W3k 348 YER =4 Landis & Koch [26]+= 0.80 X
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2 23t (substantial) 51712 94, 0.41~0.60 2
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o
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Table 4. Anthropometric measurements of subjects

2. WA oHE NABFO MIE VO, EE, ActiGraph counts
B8 MET drt CHFot MET, dizt2] Hlul

Eﬂi AANEF] S T EdMETS o] &t
running (5 mph) &%2] ActiGraph counts #= A9]3k
A B ghellA] Aol e 8]t xlo|E Hol#] kst
ovg 2 AT A= e A & AA ikl o
3@ ak o= YERATH(Table 5). 571 &% A VO,, EE
YW MET.= 7 5.88%0.97 ml/kg/min, 1.29%0.16
kcal/min ¥ 1.9%10.4 METZ YEF S ActiGraph
counts= 0.00£0.00 ©]3]t}.

7} AA&F2] VO,, EE, MET 9 ActiGraph counts
#e A71E vlwslelE W 571, TV 27, 2 §17]2] A7)
= A& ek 2ol 7t glslom,| o) 3 X ATE A
3P HT} ol ahA Wkt st 8714 Al EE T Ed
ElE o] g3t MHs] A7](2.5 mph) 2 W] A7) (3.5
mph) ] VO,, EE ¥ MET( k& A= f-2 5k 2fo] 7} 1%
S} ActiGraph counts # A2 f-2]8t zto] 7} QL30T

2 ATl A Flg T SF7EA B4V E ol 8-Skl S

g8t MET #k& FAO/WHO/UNU [27]el]A] AlAgt dnt
01%01/] MET, # % Ridley & Olds [28]2] 174 At
=¥ oldlo]e] MET, ## n]ast Av+= Table 59} 2t}
2 Aol A dldAke] w71 (1.9) 9 2] &5 TV 1]
(1.9) ¢+ 2 2]7](1.9)& FAO/WHO/UNU [27]¢] A+
(1.5) ¢} Ridley & Olds [28]¢] AA7-(1.2~1.3) AT} )
| I 2= o ] s I e b i St A BT ST
MET.2 FAO/WHO/UNU [27]9] 917-(2.2) 1t} 7]
YA Ridley & Olds [28]9] 917+ (4.2) Hj= WA Y
ERstth EdlEdS o] 83 3] 271(2.5 mph, 5.1
MET,), W] 27](3.5 mph, 7.0 MET,) % 2]7](5
mph, 11.1 METY) 2} At 2 2uj2]7] &% (7.0) % FAO/
WHO/UNU [27]9} Ridley & Olds [28]¢] oA+ A}E

b=

Male (N = 16) Female (N = 15) Total (N = 31)
Age (years) 10.8+1.0" 11.0+1.1 109+ 1.0
Height (cm) 143.4+7.9 147.8+7.8 1455+ 8.1
Bodly weight (kg)? 39.4+7.8 44.6+75 419480
Body mass index (kg/m?)?¥ 19.0+2.2 204+ 3.4 19.7+29
Fat free mass (kg)?? 31.7+55 320+38 31.8+t4.7
Muscle mass (kg)? 16.8+3.2 16.9+2.3 16.8+2.7
Body fat (%)? 18.9+5.3 275+ 759 23.1+7.7

1) Mean £ SD

2) Measured by Inbody 620

3) Body weight (kg) / [Height (m)J?
4) Body weight (kg) — Fat mass (kg)

5) Significant difference between male and female was tested by Mann-Whitney test *: p<0.01
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Table 5. Descriptive statistics for VO,, EE and ActiGraph counts for eight activity trials. Comparison of measured MET, with the values of

FAO/WHO/UNU and Compendium child

MET,
N " ) EE™ ActiGraph Counts — S -
Activity Trial O," (mi/kg/min) (keal/min) (counts per minute) Measuredinthis FAO/WHO/UNU  Compendium
study” Chilg¥ Chilg®
Llying down 5.88 + 0,979 1.29+£0.16° 000+ 0.00° 1.9+0.4° 1.5 1.2
Television viewing 5.84+1.09° 1.28 £0.21° 027+ 1.49° 1.9+0.4° 1.5 1.2
Reading 6.00 +£0.99° 1.31 £0.20° 028+ 1.25° 1.9+0.4° 1.5 1.3
Vacuuming 12.74 £ 2.28° 2.76 £0.53° 569.15 + 487.96° 40+0.9° 2.2 4.2
Slow walking” 16.38 £1.91°¢ 3.58 +0.38° 1,120.82 £ 533.87°¢ 51+0.9° 3.1 3.6
Brisk walking” 21.98 £2.04° 4.84+0.52°  2,506.30 £ 783.61¢ 70£1.1° - 5.6
Stair climbing 22.42 +2,06° 498 +0.68°  3,460.63 £ 644.86° 71+£1.0¢ 6.0 5.3
Running” 34.71 £3.64° 7.80£0.94°  6,829.94 + 858.00' 1Ma1£1.7° - 7.7

1) Measured by Cosmed K4b?

2) VO,: Oxygen consumption

3) EE: Energy expenditure

4) FAO/WHO/UNU (1985)

5) Compendium Child METs by Ridley and Olds (2008)
6) Mean £ SD

7) Slow walking (2.5 mph), Brisk walking (3.5 mph), Running (5 mph)
8) abc: Different superscripts indicate significant difference p<0.05 by Tukey's multiple comparison test

%2 MET, 3+ 29t}

3. MEEHY oot FFYMOZ 9Fpt YA AHIFL
g Fu §%1I£ M2 FFoE oA AHF S
Ato|

£ AellA 7R EA 494] (Freedson/Trost, Treuth,

Pate, Puyau ¥ Mattocks)& ©]-g-sto] o &3t efuf=] 4

vl F o8 A SRS BA7IR S oluA] A

el 2foli= Figure 17} 2t}

Freedson/Trost & [16]9} Treuth &

o] 35 w71, TV 57], & ¢7] &5& sk &
S ouA] RS T T3 BAVIR 54
| Zn]} F-0]5k 2jol 5 HolA] gkt v WA

712 Hasb], 37K 7] &5 (2.5, 3.5, 5 mph) 2 Al

S=UR)7)E AS5A7F S oluA] ABFET 25k 3t
271 Y (p<0.001).

Pate & [17]¢] 5829 HEes AvHH I3 47

= Faep) ok EdudE o83 33s] 2271 (2.5 mph) &

N

‘4]1] = 1314*7] TV 1], A Q7] EYEdE
23+ wg] 7271 (3.5 mph) 9} ©@2]7] (5 mph) 9 At 2.2

H2l7le 5217 574 oldA anlgrot §-28HA 2o
7k Atk (p<0.001).
Puyau & [18]¢] 5742419 A%, BE &5l oAS5A

7h 57 oA 2t felt ol ekirh. 2% i
7, TV 271 9 3 971 54 Ui dnjguct fols)

Al 7= oM ReH T2 FAsP ], EdEds o]
£+ 3] 7271 (2.5 mph), ] 27] (3.5 mph), &2]7]
(5 mph) ¥ Ald 2 2g)7|E= of|=X7F SAX B} 52
SkA 2 7HE T (p<0.001).

Mattocks & [15]2] 422 Efuds o83t g

71 (5 mph)E AL)F 77 EF BFollA ASA7F SRR
o} -9J8HA #2871 2 TH(p<0.001).
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4. ISET FRA9

elipd

B oGl A= Freedson/Trost, Treuth, Pate, Puyau,
Mattocks ® Evenson F784]2] 7]|5X]o] u}2 A48
7 BEo] JeAo Al = o Huk(9~104, 11~12
A el wet F7kek Axt fo)st xlo] 7t §llet. o] ol & -
oM SED, LPA, MPA 2 VPA] tist -7 Fehes
A 3zie] thgt vjolH = ARg-sto] [8] Fr7kstalom 1 A
= Table 6 #AASFI T}

Sedentary activity (SED) 9] &7 g5 571%] 54
219 7127} B 9% (good) 8] F-F3ctar YERTH
(ROC—AUC=0.83~0.89). 1% Puyau® ROC—AUC
ko] 0.89% 714 &9k1l, sensitivity (W74, true—
positive rate) = 100%= YERTE.

Light activity (LPA) &] ¥&F d& %+ Pate?] ROC—
AUC %ol 0912 9= (excellent) *8HA] -7kl LE}
Wt} whHol Freedson/Trost, Treuth, Puyau, Mattocks
F 71AE 59 (poor) st LEl

UENS| B2 NS

3t ERY

2 Evenson?] ¥
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Figure 1.

HTHROC-VUC=0.32~0.52).
Moderate activity (MPA) 2]

Al =
—

-

E

Freedson/Trost 5 1 Treuth !
B measured 12 || mmeasured
¥ Predicted 11 4| Fredicted
10
N . |
* . s
: [ { . :
o | k
. o kR
N W\ 11&% §\§ @
b N R VMW W % u'wwasvaswsw
0178
Pate : Puyau
" 010 | | mmeasured
B measured % . ]
i Predicted % EOM |  Predicted
; N “
' L § im — 0
. i \
\
% % éums ,
& 0050 - L &
s % [ \
N RN W \
NN Y \
LD v RE VA W BW SC RU o v RE VA W BW sC RU
Mattocks
N measured
 Predicted

|

W

"
== a
mﬁ—'

Lk

(0] v RE VA

Comparison of predicted energy expenditure by ActiGraph with measured energy expenditure by K42,
* Statistically significant (p<0.001). (LD: Lying down, TV: Television viewing, RE: Reading, VA: Vacuuming, SW: Slow walking
(2.5 mph), BW: Brisk walking (3.5 mph), SC: Stair climbing, RU: Running (5 mph)).

1

2

BW SC

AUC=0.47~0.68).
Vigorous activity (VPA) 2] ¥/ A EE Pated
ROC—-AUC %te] 0.94% 4= (excellent) s}A &3tk

H\n= 3 L
= 8 Es

6714 574

9% (poor) 5P| #-Fetehar Liekkeh(ROC



Table 6. Sensitivity, specificity, and area under the ROC curve (ROC°©AUC) values for the classification of sedentary, light, moderate and vigorous activity

Sedentary activity Light activity Moderate activity Vigorous activity Moderate-Vigorous activity

Fquaion — cney 5o [955,2%”3, Se% So% (Qéiccn Se% S0% (oétfcn Se% S0% [Qgtfcn Se% S0% [Qéf,f(:n
Freedson 1000 66,2 (07%?0389) 78 e 3?0?50] 205 89 4%_50? g 49 1000 6%_7&78) 600 1000 (0.7%?098 5
Teuh 000 662 (0‘7%?03789) 17.8 53 3%_3[; 122 B4 4%?09,58) 60 1000 600'?57 g 44 1000 6%_704801
Fate - - - 919 90.9 (o.s(;?o]p Y B o 5%_60?7 g 1000 886 [09%?&97) 90.9 919 (0.807'3319 5
U 00 78 (0.8%—80(?.93) 28.6 751 [0.401I—502.62] 02 802 (0.4%—505.63) 57 1000 (0.4%—5564) 426 1000 (O.é%—7OETB1 )
MeTesks oo 62 o. 7%%3.89) 178 468 (0.2%-?.39) 4 88.9 (0.3%-407.55) 291 1000 (0.507'?05.72) 363 1000 (O.éOQI-éff 75)
Evenson 4009 66.2 (0.7%—8589) 17.8 668 S%f‘é s 245 864 4%?05. g5 465 1000 o 6%_7581 ) 585 100.0 (0.3_70?85)

1) Se : Sensitivity

2) Sp . Specificity

3) AUC : area under curve, Cl : confidence interval
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I eSO 6714] 342 FollA U5kl sensitivity
(M7, true—positive rate) 7} 100%=Z Yepgtt}. 18]
1 Freedson/Trost @ Evenson® ¥ 7|54]+&= ‘HE
(Fair)’ 22 YERES ™ Treuth, Puyau % Mattockst
“F4 2 (poor) 3] &-FsHeF YEFSETHROC-VUC=
0.53~0.68).

Moderate—to—Vigorous acitvity MVPA) 2] &7 A
A B Patex= ROC—-AUCZ°] 0.91=%
Freedson/Trost, Treuth, Puyau, Evenson®.tH(ROC—
AUC=0.74~0.80) “9-5(excellent) *aHA] F-F3kc}ar o}
Bl vhdof] Mattocks®] 715X 57 & (poor) "5
etk YERGTHROC—-AUC=0.68).

Kappa statistics +4] A% Pate(0.72, 95% CI=
0.70~0.74) 8] 7|27} 47HA] A% F Bl A
23t (substantial) =7]2] Lx°Z YERGT} Puyau (0.37,
95% CI1=0.35~0.39) 2] 7|+A|= ol= L& (fair) ¢
Z°2 ERSttr. ¥bA Freedson/Trost, Treuth 9
Evenson? kappa &< 2} 0.12, 0.06 ¥ 0.14F <°kz7t
(slight) o] LA]°= Vkepsitt.
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A, B AT dPdRre] 8714 it Al sl whE MET
22 BF Aol 2] MET, k2 vlwsto] E41selt), &
T Ak MET, #te] FAO/WHO/UNU [27]914 #1A]
3k Ak o]7lo]e] MET, #t ¥ Ridley & Olds [28]2] <1
Tol i AR o]0l MET, #tith 3472 P4
517 gEs AT U] 7T7HA o] el B = o
Elstth. 53] 49 BEs Mg A w7 S 1.9
MET & FAO/WHO/UNU (1.5 MET;) [27] % Ridley
& Olds(1.2METy) [28]¢] MET, #kit} #=7] Vbt
Ty Ak ojdo] S ko 7 3 Kim 5 [12]2 059
w71 @%o] 1.5 MET.® FAO/WHO/UNU [27]¢]

MET %t (1.5) 3 dA|sh= dvE Hitkal st o=
Aok ARERL Thel] AkAs HH ] 2] $t Aol 7}
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UTH whebA ARk of o] & giio = /i 7T
A& EAgelA A8 Al 422 A 15l o]
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o)del QT%EE nlFo] B 7]*”4_74]—4 z} —7}}“‘0]
871 thi AA 0] euX] AH|gs 518 7hs s
oA AgstA oSt A X & T USdTh ‘15},
Puyau 422 B GgelA olux] 23S g
of| &3] akglal, B S 4 0] EYuds o] &5t k)
7471 (3.5 mph) &} Ald 2 =uj2]7] 9] oluA] Anes
s eS8k Zstalnh. wheba 7HEEEA] 4 241E o]
g3t ofgo] A, UlR AR e €Y oA
S olS5ataat sh= A tldAke] A9, AAEE
3 9l 7EEEAIC Abs ] 7] Sol arelEojof & Zlojct

SHH, Al - olu A AEHEE Al]tsl] SlEl
A gkt oA anlERs SAs)of sh=t] ol 72
Aleel] 2A g 57 (PAL)& wsto] Akt weba] 4
ot AADs 72 B7HE Hste] 7 EA L Ak
Q1 countsE AAs A SE FERE Fieks Zlo] B a5}
t}. B Ao X 9] sedentary activity (SED) &5 At
T BE F449 71EA7T & (good)’
(excellent) ’sH7 EF7shz A2 UERG M o= Trost
T [8]9] A7el JAgtt. 75 Puyaud] 7] (< 800
counts per minute) 7} 71 =2 AT E BT

HhH o] RE 7&E T A 34219 715X 7} Moderate
activity (MPA) oM = W& 257 4855 el 1, Light
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to Vigorous activity (MVPA)ollx= 2.4 Pate?] 715X
qto] <= (excellent) *&FAl =F3FATE LPA ol A
PateE #l&]gh v #] 4241 0) b2 7 = 5e] &
2 7EE A RS TR FAe )9 22 vl &
FE oflyA] v 8-S A rtehs Aake WHedsith(8]. o]
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