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ABSTRACT

Purpose: The purpose of this study was to measure energy expenditure (EE) the metabolic equivalents (METs) of 13 common
physical activities by using a portable telemetry gas exchange system (K4b2) and to assess the accuracy of the accelerometer
(Actigraph GT3X") by gender in Korean adults, Methods: A total of 109 adults (54 males, 55 females) with normal BMI (body
mass index) participated in this study, EE and METs of 13 selected activities were simultaneously measured by the Kb
portable indirect calorimeter and predicted by the GT3X" Actigraph accelerometer, The accuracy of the accelerometer was
assessed by comparing the predicted with the measured EE and METs, Results: EE (kcal/kg/hr) and METs of treadmill
walking (3.2 km/h, 4.8 km/h and 5.6 km/h) and running (6.4 km/h) were significantly higher in female than in male participants
(0 (0,05). On the other hand, the accelerometer significantly underestimated the EE and METs for all activities except
descending stairs, moderate walking, and fast walking in males as well as descending stairs in females, Low intensity
activities had the highest rate of accurate classifications (88.3% in males and 91,3% females), whereas vigorous intensity
activities had the lowest rate of accurate classifications (43.6% in males and 27.7% in females), Across all activities, the rate
of accurate classification was significantly higher in males than in females (75.2% and 58.3% respectively, p{0.01). Error
between the accelerometer and K4b? was smaller in males than in females, and EE and METs were more accurately estimated
during treadmill activities than other activities in both males and females, Conclusion: The accelerometer underestimated EE
and METs across various activities in Korean adults, In addition, there appears to be a gender difference in the rate of
accurate accelerometer classification of activities according to intensity. Our results indicate the need to develop new
accelerometer equations for this population, and gender differences should be considered.
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Table 1. Description of 13 physical activities investigated

Infensity”  METs” Activity Description
Basic Lying Lying on bed
Light 1~2 Sitting Sitting in an arm chair quietly
Standing Standing without moving and speaking
Washing dishes Washing different size dishes
Slow walking Walking on a treadmill at 3.2 km/h
Vacuuming Vacuuming a room (about 22m2) at a self selected speed
Moderate 3~5 Moderate walking Walking on a freadmill at 4.8 km/h
Descending stairs Going down the stairs from the 10™ floor to the 1% floor at a self selected speed
Fast walking Walking on a treadmill at 5.6 km/h
Moving a box Moving a 2.5 kg box from left fo right without movement of legs
Vigorous 6~ Slow running Running on a freadmill at 6.4 km/h

Ascending stairs
Moderate running

Going up the stairs to the 10" floor at a self selected speed
Running on a freadmill at 8 km/h
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Table 2. Anthropometric measurements of the subjects
Male Female Total
(n = 54) (n = 55) (n=109)
Age (years) 408 +12.7" 402+129 405=+12.8
Height (cm) 171.0+54" 157.8+50 164.4+8.4
Body weight (kg) 711 +9.27 567+83 638+11.3
Body mass index [kg/m2] 243+26 227+29 235%28
Body fat (%)? 225+57 31.6+54" 27.1x72

1) Mean =SD  2) Measured by Inbody 720

Significant difference between male and female was tested by
independent t-test.

"p <001, "p<0.001



Table 3. Oxygen consumption, carbon dioxide production, energy expenditure and METs measured by K4b*

Activities VO, (L/kg/hr) vCO,¥ (Lkg/hn) Energy Ex. (kecalkg/hr) METs”
Male Female Male Female Male Female Total Male Female Total

Lying 022+0.02" 024+003* 019+002 021003 1.06+011 1.18=0.17 112+015% 103+011 1.16+0.16 1.10=0.15°
Sitting 0.25+003 0.26+0.04 021 +003 0.22+0.04 109017 125+020 1.22+0.19° 1.18+016 1.23+020 120+0.18°
Standing 0.24+006 0.25+0.05 020+005 0.21+004 104027 120+022 1.17+025° 113+.26 1.18+023 1.16+0.25°
Washing dishes 0.48 +0.08 0.49 + 0.09 0.38 +0.07 0.39 = 0.08 226+040 234+045 230+042° 226=040 235+0.45 2.30=0.42°
Moving boxes 055+0.12 0.58=0.14 046 +0.11 0.48+0.12 262+.57 280+067 271063 259+056 278=066 2.69+0.62°
Vacuuming 057 +0.11 0670167 046010 054=0.13" 271+055 320075 296+0.70° 269=+054 320+0.75" 295=0.70°
Slow walking at 3.2 km/h 0.62+0.10 071+013" 051+0.10 058=0.13" 296+050 3.40=0.66" 3.18+062° 293+048 3.38+064"" 3.15=0.61°
Descending stairs 0.68+0.14 0.72+0.15 0.60+0.11 059 «0.11 331+067 345+070 3.38+069° 324=068 343+0.73 3.34=071°
Moderate walking at 4.8 kmy/h 0.81 =0.11  0.97 +0.167 049 =0.10 0.81=0.16" 391 +054 4.66+0.79" 429+077° 3.86+053 4.60=0.76" 423=0.75°
Fast walking at 5.6 kmyh 1.01 2016 1.18+0.19" 088+0.16 1.04+021"" 489+079 575+097" 532+0.98° 4.79+0.75 562+091"" 521 +093°
Slow running at 6.4 km/h 1.34+021 1.50+018" 124=023 1.38=021" 660+106 7.36=+091" 699+105 639099 7.12+0.85 6.76=0.99°
Ascending stairs 1.78+0.24 1.71 £0.23 1.67 020 1.74+0.25 878+108 861+110 870+1.09° 847+1.12 815=1.10 831=x112°
Moderate running at 8 km/h  1.73 0,20  1.77 £ 0.19 165+019 1760207 857+097 886=090 871+094° 822+095 842+0.89 832=092°
Total 078 +0.53 084+053 070+051 0.75=0.54 415+258 4.45+261  4.30 = 2.60 405+247 434+246 419 =247

1) Mean £SD  2) VO,: oxygen consumption

3) VCO,: carbon dioxide production
superscripts are not significantly different af p < 0.05 by Tamhane’s multiple comparison test (Light, Moderate activities) and Scheffe’s multiple comparison test (Vigorous activites) by intensity

(Light < 3METs, 3METs < Moderate < 6METs, 6METs < Vigorous).
Significantly different between male and female by independent t-test at “p < 0.05, " p < 0.01 and ™ p < 0.001

4) Energy Ex.: energy expenditure

5) METs: metabolic equivalents

Table 4. Comparison of energy expenditure, METs and intensity for all activities measured by K4b* and estimated by equations using Actigraph

6) abc: Means with same

Energy expenditure (kcal/kg/hr) METs? Intensity”
Activities Male Female Male Female Male Female
K4p® Actigraph? Kap® Actigraph Kab® Actigraph” Kab® Actigraph  K4b® Actigraph  K4b® Actigraph

Lying 1.06 01177 000000 1.18=0.17" 0.00«0.00 1.03x0.117 1.00+x0.00 1.16*.0.16" 1.00 = 0.00 L L L L
Sitting 119017 000000 1.25+020" 000+0.00 1.18=0.16" 1.00+000 1.23+020" 1.00+0.00 L L L L
Standing 1.14+0277 000000 1.20=0227 000+0.00 1.13+0.26" 1.00+0.00 1.18+0.23" 1.00 = 0.00 L L L L
Washing dishes 226+040" 002+005 234+045" 002+008 226+040" 1.00+000 2.35+0.45"" 1.00 + 0.02 L L L L
Moving boxes 262+057" 004+008 280+067" 011+047 259+056"" 1.00+001 278066 1.05=0.32 L L L L
Vacuuming 271 055" 022+029 320+075" 0.22+051 269+054" 1.06+013 3.20+0.75" 1.07=0.35 L L M L
Slow walking at 3.2 km/h 296 +050"" 1.14+047 3.40+066" 101 049 293+048" 1.28+029 3.38=064"" 121030 L L M L
Descending stairs 331067 470+108" 345+070 3.60+1.03 324+068 470+1.08" 343+073 358=104 M M M M
Moderate walking at 4.8 km/h 3.91 +0.54  3.91 095 4.66=079" 298+106 3.86+053 392+x094 4.60+0.76" 297+106 M M M L
Fast walking at 5.6 kmyh 489+0.79 490+073 576+097" 3.81+1.15 479+075 489+073 564+092" 377117 M M M M
Slow running at 6.4 km/h 6601067 588+122 736+091" 489 +1.41 6.39+0.99 586121 7.12+0.85" 486140 V M % M
Ascending stairs 878 108" 397+1.10 861=1.10" 272+0.79 8.47+1.12"" 398+1.09 815+1.10" 269=076 V M Y% L
Moderate running at 8 kmyh 857 +0.977 7.11x1.27  886=090" 6.42+1.29 822+095 7.08=127 842+0.89" 636129 V Y% Y% %

1) Mean = SD  2) METs: metabolic equivalent

3) Classified by Compendium 2011 (L: Light < 3METs, 3METs <M: Moderate < 6METs, 6METs <V: Vigorous)

combination equation  5) calculated from Freedson adult (1998)
Significantly different between K4b? and Actigraph by independent t-test at “p < 0.05, “p < 0.01 and ™ p < 0.001

4) calculated from Freedson

1 i &0 xhle BEEIY /9SS
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*p<0.01, *:p<0.001
Fig 1. Agreement rate of physical activity intensity classifications
between K4b? and accelerometer measurements in male and
ferale. Activity intensity classification was described using agreement
rate of physical activity intensity classification and Kappa statistics
was used to describe the level of agreement rate between Kap?

and accelerometer.
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Table 5. Accuracy of Actigraph

for energy expenditure measurement by gender

Predictions (%)

. 2 FE) 4)
Aciviies Difference? (kcal/kg/hr) Bias®¥ (%) RMSE® pym— s v
Male Female Male Female Male Female Male Female Male Female Male Female

Lying 111 +016  -1.21 #0207 99.99+0.10  -99.96 + 0.16 1.12 1.23 0 0 100 100 0 0
Sitting -1.06 017 -1.15+0.22" -99.97 +0.21  -99.97 +0.15 1.07 1.17 0 0 100 100 0 0
Standing -1.14+027  -120+022 -100.00+0.00 -100.00+0.00 1.7 1.22 0 0 100 100 0 0
Washing dishes 224 +040  -2.32+047 9899 +237  -98.95 «+ 4.62 2.28 2.37 0 0 100 100 0 0
Moving boxes 259 +055  -2.69+081 9878 +240 9626+ 1638  2.64 2.81 0 0 100 98.2 0 1.8
Vacuuming 249 =044 -298+085" -9275+791 93231616 253 3.10 0 0 100 98.2 0 1.8
Slow walking at 3.2 km/h -1.82+080 -239+087" -59.70+18.79 -68.68 +17.46" 198 2.54 0 0 100 100 0 0
Descending stairs 1.39+1.45" 0.15=1.48 49,04 =47.70" 13.56 + 59.90 1.99 1.47 3.7 12.7 1.1 43.6 85.2 43.6
Moderate waling at 4.8 km/h  0.00+1.28 -1.68 = 1.43"" 2,69 =29.89 -33.50+28.60°  1.27 2.20 25.9 7.3 29.6 83.6 44.4 9.1
Fast walking at 5.6 kmyh 001117 -1.95+157"" 279+2229 -31.80=24.66" 1.16 4.93 29.6 13.0 31.5 81.5 38.9 5.6
Slow running at 6.4 kmyh 0.72+1.46 247+1.617" 918+2022 -32.71 £2056™ 1.62 2,94 40.4 13.0 423 85.2 17.3 1.9
Ascending stairs -4.82+158 -589+127" -5411+1372 -68.00=952"" 506 6.02 0 0 100 100 0 0
Moderate running at 8 km/h 146 +1.55  -2.44 +1.62" -16.14+ 16,60 -2674+16.85" 212 2.92 32.0 17.4 62.0 82.6 6.0 0
Across all activities -1.39+1.78" 217 £ 1,747  -52.07 + 53.67 -64.89 + 42.99"" 2,25 2.78 10.0 4.7 75.2 90.3 14.9 5.0
Treadmill activities 079 +1.47 218+ 1.46"" -1596 = 32,05 -39.03 +26.85"  1.66 2.62 25.4 9.9 53.0 86.7 21.6 3.4

1) Mean = SD  2) Difference = predicted by Actigraph — measured by Kap? 3) Bios: mean percentage error between Actigroph and Kap? 4) RMSE: root mean squared error  5) The
percentage of subjects predicted by Actigraph within 10% of EE measured by K4b? 6) The percentage of subjects predicted by Actigraph < 10% of EE measured by K4p? 7) The

percentage of subjects predicted by Actigraph > 10% of EE measured by K4p?
Significantly different between K4b? and Actigraph by independent t-test at “p < 0.05, “p < 0.01 and ™ p < 0.001
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Table 6. Accuracy of Actigraph

for METs by gender

Predictions (%)

A Difference® (METs) Bias® (%) RMSE? 5 5 5
ctivities Accurate Under Over

Male Female Male Female Male Female Male Female Male Female Male Female
Lying -0.08 0167 0190207 -599=%1272 -13.83=13.93" 0.18 0.27 51.9 34.5 37.0 60.0 1. 5.5
Sitting 0.05+017 -014+022" -218+1543 -895+17.18  0.17 0.26 38.9 34.5 38.9 50.9 22.2 14.5
Standing 0.13+026 -0.18+023 -804=1603 -12.53+16.4]1 0.29 0.29 51.9 30.9 35.2 60.0 13.0 9.1
Washing dishes 2126 +0.40  -1.34+0.45  -54.46+7.60 -55.44 + 9.86 1.32 1.41 0 0 100 100 0 0
Moving boxes -1.59 £0.55  -1.73+072  -59.81 =771 -60.29+13.77  1.68 1.87 0 0 100 98.2 0 1.8
Vacuuming -1.63 049 -214+082" -59.44+715 -6495=13.29" 1.70 2.29 0 1.8 100 98.2 0 0
Slow walking at 3.2 km/h -1.65+0.64 217+075" -54.87 =13.87 -62.61 +12.85° 176 2.29 0 0 100 100 0 0
Descending stairs 1.46 = 1.46™  014+1.52 5295=49.77" 13.95 + 61.27 2.05 1.52 1.9 10.9 1.1 43.6 87.0 45.5
Moderate walking at 4.8 km/h  0.06 +1.26  -1.64 =1.40"" 429 +30.01 -33.07 +28.76"  1.25 2.15 20.4 9.1 29.6 81.8 50.0 9.1
Fast walking at 5.6 kmyh 011+1.14 -1.87+157" 482+2237 -31.09=2530" 113 2.43 31.5 1.1 29.6 83.3 38.9 5.6
Slow running at 6.4 km/h 053+1.42 226+1.60"" -655+2053 -30.92+21.20"" 150 2.76 42.3 16.7 36.5 81.5 21.2 1.9
Ascending stairs 449 159  -546+=127" 5218+ 1437 -6648=9.95" 476 5.60 1.9 0 98.1 100 0 0
Moderate running at 8 km/h -1.14+ 154  -2.06 +1.617 -1290+17.31 -2359+17.76"  1.90 2.61 30.0 19.6 56.0 76.1 14.0 4.3
Across all activities -0.84+1.70" -1.61 1777 -19.47 +39.08 -34.71 +34.42""  1.89 2.40 20.8 12.9 59.3 79.5 19.9 7.5
Treadmill activities 0.62+1.40 -2.00=1.43" -13.09 = 30.88 -36.63 +25.75" 1,53 2.45 24.6 11.0 50.4 84.8 25.0 4.2
1) Mean = SD  2) Difference = predicted by Actigraph — measured by Kap? 3) Bios: mean percentage error between Actigroph and Kap? 4) RMSE: root mean squared error  5) The
percentage of subjects predicted by Actigraph within 10% of EE measured by K4b? 6) The percentage of subjects predicted by Actigraph < 10% of EE measured by K4p? 7) The

percentage of subjects predicted by Actigraph > 10% of EE measured by K4p?

Significantly different between K4b? and Actigraph by independent t-test at “p < 0.05, “p < 0.01 and ™ p < 0.001
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