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Validation of a physical activity
classification table in Korean adults
and elderly using a doubly labeled
water method
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?Department of Physical Education, Korea University, Seoul 02841, Korea
3Faculty of Applied Bioscience, Tokyo University of Agriculture, Tokyo 156-8502, Japan

ABSTRACT

Purpose: This study evaluated the validity of a physical activity classification table (PACT)
based on total energy expenditure (TEE) and physical activity level (PAL) measured using the
doubly labeled water (DLW) method in Korean adults and the elderly.

Methods: A total of 141 (male 70, female 71) adults and elderly were included. The reference
standards TEEpw, PALpw were measured over a 14-day period using DLW. A 24-hour physical
activity diary was kept for three days (two days during the week and one day on the weekend).
PALpacr was calculated by classifying the activity type and intensity using the PACT. PALpcr
was multiplied by resting energy expenditure measured by indirect calorimetry to estimate
TEEpacr-

Results: The mean age of the study participants was 50.5 * 18.8 years, and the mean body
mass index was 23.4 + 3.3 kg/m?. A comparison of TEEpw and TEEpscr by sex and age showed
no significant differences. The bias, the difference between TEEpw and TEEpscr, was male
17.3 kcal/day and female -4.5 kcal/day. The percentage of accurate predictions (values within
+10% of the TEEp,w) of TEEpscr was 58.6% in males and 54.9% in females, with the highest
prediction values in the age group 40-64 years (70.9%) in males and over 65 years (73.9%)

in females. The spearman correlation coefficient (r) between TEEpscr and TEEp,, was 0.769,
indicating a significant positive correlation (p < 0.001).

Conclusion: In this study, the use of a new PACT for calculating TEE and PAL was evaluated
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as valid. A web version of the software program and a smartphone application need to be
developed using PACT to make it easier to apply for research purposes.

Keywords: adults; elderly; physical activity; energy expenditure
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Table 1. Demographic and anthropometric characteristics (n = 141)

Variables Total (n = 141) Sex group Age group (yrs)
Male (n = 70) Female (n=71) p-value? 20-39(n=49) 40-64(n=41) >65(n=51) p-value?
Mean age (yrs) 50.5+18.8 51.2+19.4 49.7+18.3 0.054 8.8+ 0.9° 50.9 % 1.0° 70.9+0.9°  <0.050
Female (%)? 49.0 58.5 45.1 0.443
Weight (kg) 61.8+9.6 67.9+ 7.4 55.7+ 7.4 <0.050 60.6 + 1.0° 64.4+1.1° 60.9+1.0°  <0.050
Height (cm) 163.1£9.0 169.5 £ 6.5 156.9+ 6.2 <0.050 166.2 £ 0.8* 164.1+0.9% 159.4+0.8° <0.050
BMI (kg/m?) 23.4+ 3.3 24.0+ 3.6 22.7 £ 2.8 <0.050 21.8+0.4* 23.8 + 0.5° 24.4 + 0.4° <0.050
BMI category (kg/m?) <0.050 <0.050
<93 72 (51.1) 29 (41.4) 43 (60.6) 35 (71.4) 16 (39.0) 21 (41.2)
> 93 69 (48.9) 41 (58.6) 28 (39.4) 14 (28.6) 25 (61.0) 30 (58.8)
Fat mass (%) 16.3+5.0 14.8 4.9 17.9+5.0 <0.050 13.7 £ 0.6* 17.5+0.7° 17.9+0.6° <0.050
REE (kcal/day) 1,454.1+231.2 1,620.1+159.9 1,290.3 + 164.2 <0.050 1,517.1+22.0° 1,458.8 + 24.1** 1,389.7 + 21.6° <0.050
TEEpw (kcal/day) 2,355.0+£468.9 2,668.3+414.6 2,046.1+274.7 <0.050 2,342.2 £ 50.5 2,363.4+55.4 2,360.4+49.6 0.952
PALpw? 1.60+0.22 1.63+0.24 1.57 £ 0.20 0.205 1.49 +£ 0.03* 1.60+ 0.03% 1.70+0.03°> <0.050
PALp, category® 0.677 <0.050
<1.60 (low active) 73 (51.8) 35 (50.0) 38(53.5) 35(71.4) 19 (46.3) 19 (37.3)
> 1.60 (active) 68 (48.2) 35 (50.0) 33(46.5) 14 (28.6) 29 (53.7) 32 (62.7)

Values are expresses as mean + standard deviation or numbers of participants (percentage distribution).

BMI, body mass index; REE, resting energy expenditure; TEEpy, total energy expenditure measured by the doubly labeled water method; PAL,,w, physical activity
level by doubly labeled water method.

DThe p-value was obtained from Mann-Whitney U test for continuous variables and 2 test for categorical variable.

2The p-value was obtained from analysis of covariance adjusted by sex for continuous variables and x? test for categorical variable.

Ipercentage of female subjects by age group.

“PALpw = TEEpw (kcal/day)/REE (kcal/day).

9PAL category from the table cited on page 161, chapter 5 in the 2005 Institute of Medicine report.

2b<\With same superscripts are not significantly different at p < 0.05 by Bonferroni test.
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Table 2. Comparison of TEEpacr and PALpacr With TEEpy

Sex Age (yrs) TEEpw (kcal/day) TEEpacr” (kcal/day) p-value? PALpw® PALpycr? p-value?
Male 20-39 2,653.3 +437.8 2,570.6 + 483.7 0.200 1.54 £ 0.20 1.51+0.20 0.367
40-64 2,629.7 = 419.7 2,649.5 + 443.8 0.678 1.56 £ 0.14 1.65+0.20 0.035
> 65 2,705.0 = 402.3 2,723.5 + 388.7 0.920 1.75+0.27 1.77 +0.23 0.831
Total 2,668.3 + 414.6 2,650.9 + 436.6 0.467 1.63 £ 0.24 1.65+0.24 0.862
Female 20-39 2,035.6 + 267.0 1,978.8 + 324.4 0.264 1.52+0.19 1.47 +0.15 0.663
40-64 2,087.7 + 310.9 2,145.9 + 565.3 0.944 1.44£0.15 1.65+0.18 0.812
> 65 2,013.5 + 247.6 2,026.1 + 264.7 0.941 1.62 £ 0.20 1.65+0.13 0.988
Total 2,046.1 + 274.7 2,050.6 + 408.2 0.485 1.64 = 0.20 1.59+0.17 0.735

Values are expresses as mean + standard deviation.
TEEpw, total energy expenditure measured by doubly labeled water method; TEEcr, total energy expenditure estimated by physical activity classification table
for Korean; PALy.w, physical activity level by doubly labeled water method; PALecr, physical activity level estimated by physical activity classification table for

Korean; REE, resting energy expenditure.

DTEEpacr = PALpacr x REE (kcal/day).

“The p-value was obtained from Wilcoxon’s signed-ranks test.

)
9PALpw = TEEp (kcal/day)/REE (kcal/day).
)

“PALpacr = [Z{METs x time spent (minutes)}]/1,440 (minutes).

https://e-jnh.org

https://doi.org/10.4163/jnh.2023.56.4.391

397



IJNHS

ot MM ES2EFHE EtE T HIt Journal of Nutrition and Health

Table 3. Accuracy of physical activity classification table for estimating TEE based on bias, RMSE, MAPE and prediction values by sex and age group

Sex Age (yrs) Bias? (kcal/day) RMSE (kcal/day) MAPE (%) Accurate prediction? (%)  Under prediction® (%)  Over prediction® (%)
Male (n = 70) 20-39 82.7 + 496.7 497.5 15.3 40.0 40.0 20.0
40-64 -19.8 + 320.9 312.0 9.0 70.6 17.6 11.8
> 65 -18.5+375.6 369.3 10.4 67.9 14.3 17.9
Total 17.3 £410.7 408.1 11.8 58.6 24.3 17.1
Female (n = 71) 20-39 -56.8 +323.2 321.4 12.4 41.7 33.3 25.0
40-64 -58.2+430.1 4925.1 12.4 50.0 20.8 29.2
> 65 -12.6 + 206.1 202.0 8.1 73.9 13.0 13.0
Total -4.5+332.8 305 11.0 54.9 22.5 22.5

TEE, total energy expenditure; RMSE, root mean square error; MAPE, mean absolute percentage error; TEEyw, total energy expenditure measured by doubly
labeled water method; TEE.cr, total energy expenditure estimated by physical activity classification table for Korean.

YMean of difference between predicted and measured TEE.

2Percentage of subjects by TEEc; within 90% to 110% of the TEE,y,.

9Percentage of subjects by TEEpscr < 90% of the TEEpy.

“Percentage of subjects by TEEpscr > 110% of the TEEp,y,.

TEEpiw@} TEE pacr®] 21O (TEEpyw — TEEpscr), & 2} (bias)= B 242} 17.3 + 410.7 keal/day
9} -4.5 + 332.8 keal/day® WEFS T} TEEp w2t TEE perd] 2Fol & A3t gholl o2 -5}
FEZ 2|35 ol RMSEE 'FAF 408.1 keal/day@t o1 &} 330.5 keal/day©] ™, TEEpy 2t TEE 12
Aol g Auigto 2 Metst 7 B kS WEE (%)= WERH MAPEE FAoll A = 11.8%, ©
Aol A= 11.0% 2 AAHE T o] ¢k Bl &o] AA| 52 FEE o]-&5to] AFHEH TEE.7t
o|FEA PR O R SHHE TEEyE 85I ol ST H|& (90% to 110% of the TEEpyy)2 ‘&
1 Z+2} 58.6%2F 54.9% 0.2 | BFA Y 7] & (A} 24.3%, o AF22.5%) 2! T 7] & (A
17.1%, 1A} 22.5%) 2ot 7| UERSTE HE oA TEEp 7t TEEnww S F8sHA |53 vl &
S AYNE R Ao EH GFRol| A= 40-64A4] 1E0] 70.6%% 7P w3kl o Atol A= 65
Al o’ Lol A 73.9% = 7H =
AA & FEE AEE TEEn2t Ol S EA P 2 2 Z4 H TEEyy F2] A1 of vt vkt
£ AT EH (Fig. 1), F AAONA r=0.7692] 73t =2 o] JHBAE HIoH (p
<0.001), E3] 654 o]0l A r=0.8622] &2 2]u] Ql= o] A TAIE BT (p < 0.001).

Bland-Altman plot< ©]-85}%] T Sk (TEEmer, TEEnw) 2 LA =& 713 21 (Fig. 2),
TEEpscr2}F TEEpy 2402 2 -6.3 keal/day® LFEFGE O M| £95% U %] SHA] 9] (-1,404.0
keal/day©l| 4] 1,391.4 keal/day) 2] T3 AF == 1419 5 275 °] T},

2 Aol N A B EER R el ES 7S Astol, 2 AT =91 A (1417)
02 o|FHEALHOR ZHE TEEyy L PALyy S 7| 202 AABE LY A2S Edf2
A %Q 7 (TEEpch, PALPACI) = H]_]J_O]’ ]:]—

2 Ao /date] e d s 250.5+18.841%.2H, o] 5] HF AT A 52 2020 113
AEA AR [1]o|A] Bagh A3t w9l o] i A% 2 A F3} fAFE ~Fo]ch &=

s
Z

dahimana 5 [22]°] 20-64A2] =91 A4 <1 ﬁé o AT 40.3 £ 12.94)) Wi/ (109%) 2
2 oF Aol Al BLI1SF REE (1,579 + 310 keal/day) 2} & A 7-2] 20394 (1,517.1 + 22.0 kcal/day)
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O Male O Male
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2 2 & o©°
LL? Lﬁ & & [e) Qe
] ] a 8,4 4 0a
= 2,000 - ~ 2,000 - a X &
S
'Y
r=0.769 r=0.648
1,000 p < 0.001 1,000 p < 0.001
1,000 2,000 3,000 4,000 1,000 2,000 3,000 4,000
TEEpacr (kcal/day) TEEpacr (kcal/day)
(o D
Sex Sex
O Male O Male
4’000 a A Female 4’000 a o A Female
= 0 B
8 o O Y P o
= 3,000 4 o © = 3,000 4 C
] 'y i) . o) 0
= o] =2 e
2 > 8 ;A =8 2 2@ AODQ)OOO
o ao 8a° u 366 a
= 2,000 A a 7 2,000 n"%n
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ba
= a
= r=0.751 r=0.862
1,000 p < 0.001 1,000 - p <0.001
1,000 2,000 3,000 4,000 1,000 2,000 3,000 4,000
TEEpacr (kcal/day) TEEpacr (kcal/day)

Fig. 1. Correlation between the TEE;,c; and TEEp,y,
(A) Spearman rho correlation between TEEscr and TEEpy in all subjects (n = 141). (B) Spearman rho correlation between TEEscr and TEEp,y in subjects aged

20-39 years (n = 49). (C) Spearman rho correlation between TEEycr and TEE,y in subjects aged 40-64 years (n = 41). (D) Spearman rho correlation between

TEEpacr and TEEp,y in subjects aged > 65 (n = 51).
TEEeacr, total energy expenditure measured by physical activity classification table for Korean; TEEy.w, total energy expenditure measured by doubly labeled

water method.

https://e-jnh.org

9} 40-64A| (1,458.8 + 24.1 keal/day)®] REE+= F-AFSH =5=0] i th ¢+ | Siervo 5 [23]°] EXL
SHElQl 1 Q1 (AT 74.4 £ 9.3A]) 2] REE (1,297.9 + 264.2 keal/day)= 2 91 7-2] 65A4] 0]4}2]
REE (1,389.7 + 21.6 keal/day) 2.0} TF & WA FEFSATE, 0] 4= Siervo 5 [23]9] Tl A & oA =
Q1 H]& (80.9%)°] =& 1} Tado] Quopa AbRH Tt

Tooze 5 [24]°] B3t 40694 0] =91 B Q1 (=} 2447, oI 2} 206%8) 2] TEEpw = B 2H2}

2,626 + 45 kcal/day, 2,118 + 36 keal/day = 2 AL TH/3AF] TEEpy (‘HAF 2,629.7 + 419.7 keal/day,
o2} 2,087.7 + 310.9 keal/day) 2} -F-AFS S T (Table 2).
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2,000 -

1,500 1 ° @ 1.96 SD =1,391.4

1,000 -

Mean = -6.3

kcal/day
o

-500 -

-1,000 -
-1.96 SD = -1,404.0

-1,500 -

-2,000 -

1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500
kcal/day

Fig. 2. Bland-Altman plot for the TEEpscr and TEEy,y (n = 141).
TEEeacr, total energy expenditure measured by physical activity classification table for Korean; TEE,, total energy
expenditure measured by doubly labeled water method; SD, standard deviation.

S E AL thAFAE F =91 (654 ©]73) 2] TEEpwy (2,360.4 + 49.6 keal/day) 2F PALyyy (1.70 +
0.03)= Bastone 5 [25]°] 0| FE AL 0 2 Z23lo] H S =91 9] TEE (2,495.8 keal/day)
2 PAL (1.9) Bt} thA W=, pALol w2 o] 59] A5 TEA 315 AT EH, Bastone
= 2519 AR ol S5 A (1.90-2.50)°] S E = B B L gjAbAt s g A
(1.60-1.89)°1| st ATt

rhe
2

Jol| A o] ZFE AL 0 7 AT TEE,,, Y PALy, 2} AlAEEU7|S 7|80 2 Al
SEEFHE 0|85t AHEE TEEpncr B PALy2H2] 2}0] 5 AT i Z 1} (table 2), 40-64A1
Al AT PALycr 7} PALyyw X TF 2] 51| =9k T, o] 23 At & Aol A 406441 '

g)ol A THA S 1] & (135, 76.5%)°] THE ol H]5}o] =33} Buchowski 5 [26]2] A
TA, S AAZE A7 AL (self-report) Al A A& 52 AFh2 13 2] 982 Abghol H]
o et IFE AAEF A& Al B e g o rhetths dakel Hedo] Qe A
O F Holth,

Ao dE L Az = EEDLWE}TEEPACT Zboll g2l gt xpo] & Ho| 2] k-2 1t
H, = 9 (B AY 23+14)1 %‘%EH’“OEOI #“‘ﬂﬂiﬂ%‘%ﬂ% Solg
5tod of| L 2] 48| FFS H| 2 S Zhuo 5 [27]9) Oﬂ—?OﬂH‘:,TEEW(z 258 + 180 keal/day) E.c} Al

>~l

A 25715 (physical record) < 53t TEE (2,582 + 136 keal/day) 7} -7-2] 0]-71| iﬂ] UElLtct, o]
et Aits S92 ez 3 AT 271004, vl=2] AAZ-555 [10]0]4] ANAIGH A
ATHEH oui7) A8 2E o) A 8 Yt Belo] 91 Ao AR,

= 0 =

b J29] RIS o & o]FHA#R S o]&oto] AT AAEEZ7| 7HEE
Aol et =g AST A [28]014 =, 7HEEAE 0|83 A3 TEE2He] A4
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