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Abstract

BACKGROUND: The tri-axial accelerometer is one of the most commonly used objective measurement tools for assessing physical activity volume, and its
placing location is a key factor affecting its validity. Therefore, it is important to explore the impact of placing location on physical activity volume assessment

for practical application.

OBJECTIVE: To investigate the variation of energy expenditure measured by tri-axial accelerometer ActiGraph wGT3X-BT in different positions of the body (wrist,
waist, thigh, and ankle) and under different exercise conditions (4, 6, 8 km/h), thereby providing practical and theoretical reference for proper wearing and

scientific use of wGT3X.

METHODS: Fifteen healthy male college students [age (24.8+1.7) years old, height (174.1+4.8) cm, body mass (69.58.6) kg, body fat percentage (18.1+5.8)%]
volunteered to participate in the study. During the experiment, the subjects wore tri-axial accelerometers wGT3X (wrist, waist, thigh, and squat) and
METALYZER-II lung function mask at the same time, and completed different exercise intensity on the sports treadmill (4 km/h normal walk, 6 km/h fast

walk, 8 km/h medium speed running), to obtain acceleration count, estimated energy expenditure, and measured sports energy expenditure. The data were

statistically analyzed using SPSS 19.0 version analysis software.

RESULTS AND CONCLUSION: There was a significant difference in the estimated energy expenditure and the acceleration count measured by the accelerometer
in the same placing position under three exercise intensities. When the running speed was 4 km/h, the tri-axial accelerometer at the wrist and waist slightly
underestimated the energy expenditure of the exercise. At the speed of 6 and 8 km/h, the accelerometer at the wrist obviously underestimated the energy
expenditure, while the accelerometer at the lumbar slightly overestimated the energy expenditure. The accelerometer at the thigh only showed a small error
at 4 km/h, and then there was a marked overestimation trend. The accelerometer at the ankle joint dramatically overestimated the energy expenditure of the
exercise under the three exercise intensities, and the measured energy expenditure and the acceleration count were the highest. Under the same exercise
level, only the accelerometer at the lumbar had the estimated energy expenditure significantly correlated with the measured energy expenditure (moderately/
highly correlated), which was the highest among the four placing positions. Moreover, the correlation between the acceleration counts of Y axis (sagittal axis)
and Z axis (vertical axis) and vector magnitude and the measured energy expenditure was higher than that of the X axis (coronal axis). The correlation was in
descending order: vector magnitude value > Z axis > Y axis > X axis. At the same time, the accelerometer at the waist showed the highest interpretation ability
for the measured exercise energy expenditure, which was relatively stable with the smallest average error. To conclude, the accuracy of the estimated energy
expenditure of the wGT3X is influenced by placing position and exercise intensity, the level of error increases with the increasing of exercise intensity. At low
speeds (4 km/h), the error levels at the wrist, ankle and thigh are the smallest. Given wearing comfort and subject compliance, the three placing positions can
be considered as alternatives to each other. The wGT3X accelerometer is best placed at the waist during walking and running as the accelerometer has the
lowest error of the estimated energy expenditure and is the most stable in all tests.
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1 X% Fn755E Subjects and methods
1.1 &t WEEMENETT. ST R A B R AR A S HT
% A LUK B B K 37 % (one-way ANOVA) 73, Tiifili
AEFEL (] F2 0 Pk SCIME AT O AR A ¢ AT

1.2 BfE Ak RIS T 2019 4 1-2 HIEPEF KA
1.3 st

131 ZRFER EdEAN T, REABEN, 8%
PR KR KA 15 44, BB, Bk ilEHNE
HREZEEI R, WE—EfFE iz, L&k 1L
#z1 | FIEBEKXFR

Table 1 | The basic characteristics of the subjects

(n=15)

T H ZkH
14 51 3

WS (xts, %) 24.8+1.7
B (xts, cm) 174.1+4.8
AR & (Xts, kg) 69.5+8.6
TR EAGHL (xes, kg/m?) 23.1#2.3
(RS (Xts, %) 18.1#5.8

1.3.2 AihpifE

MANFRE: OHBZ51%E; O —erizshig
77, TEEMNF P E R R T iE S O B R R
A LUR I HbE R & 1880

HEpRFRE: Qi 1 A ISt #: @8-G0 iME
PR, ANEMNEF SRR TGS s @TCIRIE NAX A R
ety SR AN K

T BRI & (BREEES) » AP K
SEEBERTI U A AR B R, R AR BEALAF 5. 201905,
HLAFA]: 2019-07-09.
1.3.3  SZIG{XEE  ActiGraph wGT3X-BT =#lifini# i1 (ActiGraph
LLC, Pensacola, FL, USA, LLF i #X AG) s& ActiGraph ] jift
ALV EN I 2%, PR AL RO AE R () SR TS B, CFE & s
1144 (counts) ZE4A N % 1144 (vector magnitude, VM), i
VY #E (energy expenditure) %5; K H] “ e hniE” 2 — A4
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Figure 1 | Exercise
load program
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PRz —, MR EZOREREE. S ENEFE
5, NIRRT AE By 10 s, il DD ACEA R4 S Ak
HERH 5 Z BB A MetaSoft 3.0 flRAs, W EREFETTTEA
kJ/min=(3.9xV0,+1.1xVCO,)x4.185 8,

(2) ZHlohnas BE vt B bR 32 2L A5 & Flohn s B2 v 2
(HrpREmy X5, BTG R Y, DAk Z 8. 2RI
THH(VM=VAC+AC+AC) . FIAGRERE, =B B 0 R
AN 30 Hz,  H4fs 42 B I 1] (8] % (Epochs) Jy 10's, s
FEFEL A Actilife 6.13.3 fitAS, REETHFE TN T F2K H A
@ J7FE FreedsonVM3 Combination(2011), AR S 7E T H 7B
TR E T, A5 R H kR, FreedsonVM3 Combination
JrREn R

kJ/min =(0.001 064xVM+0.087 512xBM-5.500 29)x4.185 8
(VM > 2 453) (1)

kJ/min =0.000 0191xAC,xBMx4.185 8(VM < 2453)  (2)

BM RE SR Jf &, ACEIEEZ M, vm RELS
TR 3L
1.5 EEZUERARAT O AL B % 2= 7 0 HTs
IR B T il B T A e AR sz ;. s il
THAG REFE IR ZE 0T
1.6 %itZFo# W 944 Microsoft Office Excel 2016 H£FH %
W, PG5 SPSS 19.0 BEATRAMES 1. HEWLSiit.
TFEGT TR Xes o, MO BT R B R AR A OC R 5L
(Pearson correlation coefficient), 2% L4 % FH BA R =7
7 (one-way ANOVA) 73-#fr, Tl fili BE#E 55 R] F Il Fvick S N {8 gk
ATECX AR t K56 (Paired Samples T test). %l 2 B £ fi
il Origin 8.0, LLP<0.05 NZESHEER L. XENSH
I CAERRFEMG F T R F .
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Table 2 | Measurement indexes and variability analysis of accelerometers
at different positions

frE WESEbR  4km/h 6 km/h 8km/h F s

Jii  EE(k)/min)  17.54%4.60 20.43+3.68 22.44+3.39 34.3°
AG,( YK /min) 3263.80+1230.76 4238.41+1529.81 17 151.76+5276.98 99.42°
AC,( 7K /min) 2686.91+2139.67 4801.78+2506.03 15 353.65+2 187.03 247.59°
AG,( VX /min) 2883.45+1075.24 4283.92+1775.02 4879.17+944.60  12.43°
VM( % /min) 5341.41+2170.09 8033.56+2485.74 24514.92+3102.82 495.15°

B EE(k)/min) 1691561 29.43+6.61 45.37+10.67 165.13°
AG( YK /min) 239827491540 5112.19+937.35 8872.43+1537.38 202.11°
AC,( IX /min) 1670.744583.14 2511.72+452.95 222596473153  9.34°
AG,( IX /min) 973.22+1070.06 1180.54+1533.83 1862.42+2455.66 4.10°
VM( 7 /min) 3263.04+1033.88 5958.80+1281.19 9547.3042141.70 170.16°

i EE(k)/min) 31312477 43.99+4.40 64.42+7.37 247.42°
AG( VX /min) 4103.24+644.06 6535.01+441.82 9944.15£759.96  501.23°
AC,( V% /min) 1153.86+556.82 2175.69+747.18 2209.02+1112.35 10.38°
AC,( Uk /min) 4692.58+811.77 6102.55¢515.66 9278.60:911.02  131.93°
VM( Y% /min) 6387.27+850.78 9232.68+641.44 13 815.64+1243.55 248.16°

P EE(k)/min)  53.70£5.19 85.26+4.73 122.06£7.45 1145.70°
AG( VX /min) 7195.88+867.58 8217.88+954.46 5786.10+1768.65 24.13°
AC,( V% /min) 8696.55+1146.43 16384.324859.76 25907.87+1244.22 908.56°
AG( Y% /min) 1140.53+483.17 2078.27+807.47 2584.35+1349.73 13.50°
VM( 7% /min) 11411.014796.11 18490.18+886.53 26755.65+1279.03 1152.29°

fitish EE(k)/min)  19.25+2.47 26.58+2.26 43.45£3.47

1% vOo,(mL/min) 1.20£0.16 1.64+0.17 2.64+0.22

FiE: °P<0.01, EE: AEmTHFE; ACe JebRFMIEERE 4G AC: JOMREhINE B 4G

AC,: T ELAMIEEEVHG VM:

& 2 B, BEEEERIE N,
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FEAT T LA AR R BT (Intraclass Correlation Coefficients,

it ] —

ICC) 5N ET7 240 HT (one-way ANOVA),

PET AN [ B0 3 A Ik 2

Efl:ACIF IR
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3 | A—EEKET, FREMEE TGRS ES

piiBuS

B 2 B O P OB T G I, % B e R A%

Table 3 | Analysis of variance of estimated energy expenditure of
accelerometers at different positions at the same speed level
H ANOVA 4 AR R B
FAH Sig ICC 18 Sig
4 km/h 292.67 0.00 0.48 0.00
6 km/h 728.34 0.00 0.45 0.00
8 km/h 646.96 0.00 0.38 0.00

FE 3 ATENA IR E N, AN A o7 B0 A B T A
AeREAL N AH ¢ R 802> )8 0.48, 0.45, 0.38, ARTIHNERTT
FEOMTEE R ER, £ 3AEEKE R P<0.01, titkalk,

3710 | DEHERTIEHAR | 582748 | 55238 | 20235F8H

TEAR I LK, 4 AN S BB e J3E A% S s TR REAE
[RIfFAE 25 22 5%, BUITZH AR SR R B ICC AR T 3, B
BOA LRI EL, $87,  RSBA ELAT E 2 5200 AN P v Fi Al
REFEAHERME .

2.3.2 AN [Ef R A B i R v T RE AR S SIS Bl REAE
oy B 2 I Al A B S S IR REAE AT L,

LR N LA R A 2R, B 2A =048, R=0.24; [
2B 11 r=0.61, R’=0.42; [& 2C /}' r=0.56, R’=0.32; [&] 2D |
r=0.30, R’=0.09. pHubnl45, MEHRNIE FE 15 Seil s GEAEAH
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Figure 2 | Distribution of estimated and measured energy expenditure of
accelerometers at each position
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Table 4 | Correlation analysis of accelerometer vector magnitude value,
acceleration counts of each axis and measured energy expenditure
T [DAZS VM X il & Z
4km/h i 0.01 -0.01 0.22 -0.14
i 0.73° 0.25 0.55° 0.68"
i 0.07 0.04 0.03 -0.09
o3 -0.40 -0.02 0.37 0.04
6 km/h it 0.06 0.10 0.22 -0.09
i 0.69° 0.16 0.45° 0.58°
R 0.01 -0.02 -0.14 0.12
o -0.19 -0.20 -0.06 -0.44
8 km/h it 0.53 0.09 0.18 0.38
i 0.71° 0.55° 0.53° 0.69°
Jhit 0.49 0.36 0.42 0.06
i -0.15 -0.36 0.03 -0.33
FiE: °P<0.05; "P<0.01, VM: ZEAINk il
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HHER 4 7] 088 B KSR, (S T 0 1 o ook A% Jek
A5 FITINAS 25 BT 2508 27 Nl B 40 SE B R R R AH O
PR KT HAh 3 /M7 E, X HiAH ¢ REN T 0.16-0.55, 7E
8 km/h I, X HliTH4 532 3 AEFE W35 AH G (P < 0.05), Y liAH
¥ ZH AT 0.45-0.55(P < 0.05), Z Hii A7 5= M/ F 0.58-0.69
(P<0.05), B&ikW3EFmEEAHG, TMLRE s AL T4 S sl
IEBREFERIA M T 0.689-0.731(P < 0.01), AR i35 =
FEARDG, T2 &ANHBE 7K P I 58T LS o sk P A T2 25 5
SR PE TS SE B RERERIAH SR R T X Bl v il Z i,
VLIATEE . HI2 3 P 25 A I B T EOR Z Fh-Eioe Tiz s
FETRIN AR R o B o T At 3 AN ER AT B AL 115
550 Z RERE A GG, KEAE 0.39 LLR, AMRARK
BCE IO DG, e rp RO Kb = A 3 O S KRR
L5 SIS B B AR IR DG, 1 BRARUE T R OGTT Ak B
AR RASTEE . MG B REFE M TAL ROR AT RERC 2, X T]
AE AT TR OG AT Kbzt 3 NS0y, 1T i 5 5 Ak o A K 2%
TR AR DS AR IR ERAR, SRR U N AT B A A L iE
b, WTHZE, FEES)Eh el el T HALZ R 13
AR T 5 3850t 8 B 15 1 0 S PR R, AN 5 T L 5 sl i
BIREREMIAH S HE
2.4 Jmik i FAE REFEIR E AT
241 AN[AAE E AN AEFE S ST REFERC NS ¢ ARG 45 R
5.

=5 | MR TG EERE S DM t IR
Table 5 | Results of paired t-test of accelerometer estimated energy
expenditure and measured energy expenditure

HE fliTHE i i i JiZ3
4km/h t {4 1.64 1.52 -9.40 -28.19
Sig 0.126 0.155 0.000° 0.000°
6 km/h t i 7.23 -1.66 -15.37 -37.78
Sig 0.000° 0.123 0.000° 0.000°
8 km/h t i 26.94 -0.79 -13.15 -36.74
Sig 0.000° 0.444 0.000° 0.000°
FyE: *P<0.01

1 5 I IR A, B AN TR B K B T4 R 5 1) 2 0
POL S HEAT BT BEA t K56, thE 5 AT fERI T
0 B 7R SR R 6 ¢ (B G N 1.64-26.94, H7E
6 km/h 1 8 km/h B, Jiii ¢ 5 T Ak B8 FE 5 S B RE £ 7
JEH BE, M 4 km/h BRAEAE B35 % 5 (P> 0.05); T
TN T 5 A SR 2 E S5 BB R ¢ (B VO 2 -1.66-1.52, P H
¥1>0.05, ZFAEE; KBRS I AL A ¢ E B
JU FElfF -15.37 & -9.40, H P <0.01, [Hit5 s+
bl S o B B Q1Y 00 B 0o R A B Y ¢ {2 Y
hy—28.188 % -37.784, H P {15 <0.01, For5 sz,
ERWIEREE., BE2, SBoE T, (UEIRNEEE
A B S NS B REFENAAE B B, X4
b SBT3 A SR B 2 LA B A sl
IZEhRERE M — B .

2.4.2 A EE VI BERE L SHIBEREI T b L AR 6.

6 | MR TEAEFE S TMEEFRMBE S (n=15, %)
Table 6 | The percentage of the estimated energy expenditure of
accelerometers in the measured energy expenditure

R i JEE itk 2R

4 km/h 80.14 87.70 162.50 278.81
6 km/h 76.97 110.77 165.58 280.81
8 km/h 51.65 104.42 148.20 459.51
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Figure 3 | The error distribution diagram of accelerometer estimated

energy expenditure
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