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Physical activity level, total daily energy expenditure, and estimated energy expenditure
in normal weight and overweight or obese children and adolescents*

Kim, Myung Hee - Kim, Eun Kyung'
Department of Food and Nutrition, Gangneung-Wonju National University, Gangneung 210-742, Korea

ABSTRACT

The purposes of this study were to assess the physical activity level (PAL) and the total daily energy expenditure (TEE)
as well as to evaluate the validity of prediction equation for the estimated energy requirement (EER) in normal weight and
overweight or obese children and adolescents. The subjects comprised of 100 healthy Korean students aged between 7—18.
The anthropometric data was collected. PAL was calculated from the physical activity diary by the 24-hour recall meth-
od, and the resting metabolic rate (RMR) was measured by an open-circuit indirect calorimetry using a ventilated hood
system. Daily energy expenditure was PAL multiplied by RMR. EER was calculated by using the prediction equation
published in KDRIs. There was no significant difference in the means of age and height between the 46 obese subjects
and 54 nonobese subjects. The weight and BMI of the obese group (60.2 kg, 25.3 kg/m’) were significantly higher than
those of the nonobese group (42.4 kg, 18.4 kg/m®). However, PAL was not significantly different between the two groups
(nonobese 1.45, obese 1.46). TEE of the obese group (2,212 kcal/day) was significantly higher than that of the nonobese
group (1,774 kcal/day). EER (individual PA) and EER (light PA) were significantly higher than TEE (p < 0,001); howev-
er, EER (sedentary PA) was not significantly different with TEE in the two groups. These results showed that the levels of
physical activity were the same as the sedentary activity both in the nonobese and obese Korean students; moreover, the
predictive equation for EER published in KDRI overestimated the TEE of Korean children and adolescents. Therefore,
in further research, a new predictive equation for EER should be developed for Korean children and adolescents through
the doubly labeled water method. (Korean J Nutr 2012; 45(6): 511 ~ 521)

KEY WORDS: physical activity level, total energy expenditure, estimated energy requirement, children and adolescents,
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Table 1. Physical activity categories according to the level of in-
tensity

Type of activity PAR” iﬁ;rewlsi?;
(1) Sleeping 0.9
(2) Resting, Talking, Calling, Watching TV 1.2
(3) Eating food & snack 1.4 Seocieﬁr\wlitsry
(4) Personal hygiene, Computer work 1.5
(5) Studying, Desk work 1.6
(6) Transportation (bus, taxi) 2.0
(7) Dressing 2.1
(8) A walk (slowly), A stroll 2.5
(9) Tidy away 2.6
(10) Indoor errand, Kitchen work 2.7  Light activity
(11) Outdoor errand, Gardening 3.0
(12) Walking moderately, Shopping 3.1
(13) Sweeping, Laundry 3.2
(14) Giving a piggyback 3.3
(15) Mopping floor, Club activities 4.0
(16) Walking fast 45 Mgg‘f\;‘;‘ge
(17) Outdoor exercise 6.0
(18) Climbing, Jogging, and Sports et al. 7.0 Vigorous activity

1) Physical activity ratio expressed as multiples of basal meta-
bolic rate (BMR)
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@A} EER (kcal/day) = 88.5 - 61.9 x Age (years) + PA
[26.7 x Weight (kg) + 903 x Height (m)] + 20

o2} EER (kcal/day) = 1353 — 30.8 x Age (years) +
PA [10.0 x Weight (kg) + 934 x Height (m)] + 20
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@A} EER (kcal/day) = 88.5 - 61.9 x Age (years) + PA
[26.7 x Weight (kg) + 903 x Height (m)] + 25

oJZ}: EER (kcal/day) = 135.3 — 30.8 x Age (years) + PA
[10.0 x Weight (kg) + 934 x Height (m)] + 25
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Physical activity coefficient (PA) Physical activity

Boys Girls level (PAL)
Sedentary PA 1.00 1.00 1.00—1.39
Light PA 1.13 1.16 1.40—1.59
Moderate PA 1.26 1.31 1.60—1.89
Vigorous PA 1.42 1.56 1.90-2.50
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Table 2. Distribution of the subjects
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Elementary school Middle and high school Total y>-value
Boys 15 (27.8)" 8(14.8) 23 (42.6)
Normal weight Girls 18 (33.3) 13 (24.1) 31 (57.4) 0.284 (p = 0.594)
Subtotal 33 (61.1) 21 (38.9) 54 (100)
Boys 13(28.3) 13(28.3) 26 (56.5)
Overweight or obese Girls 12 (26.1) 8(17.4) 20 (43.5) 0.246 (p = 0.500)
Subtotal 25 (54.3) 21 (45.7) 46 (100)

Dn (%)

Table 3. Anthropometric measurements of the subjects

Variables Normal weight (n = 54) Overweight or obese (n = 46) t-value
Age (years) 11.8+3.2(7.0-18.0)" 12.0+ 3.1 (8.0-17.0) -0.41
Height (cm) 150.0 = 14.9 (123.0-183.7) 152.6 £13.5(130.2-179.1) -0.92
Weight (kg) 42.4+11.8 (24.7-63.0) 60.2 +16.4 (32.7-93.0) —6.12"*
Body mass index (kg/m?) 18.4+ 2.1 (14.8-22.6) 25.3+3.1(19.3-30.3) —12.52"**
Fat mass (kg) 9.2+ 4.0 (2.8-20.4) 20.7 + 5.7 (8.6-33.1) —11.60"*
Body fat (%)” 21.5+ 6.9 (6.0-33.8) 34.8 + 5.5 (22.2-49.0) -10.52"**
Fat-free mass (kg) 33.3+ 9.8 (20.2—54.5) 39.5+12.5(22.9-71.4) -2.78"
Waist circumference (cm) 64.1 +7.2(53.0-86.0) 82.6 + 10.3 (62.0—104.5) —10.22"**
Hip circumference (cm) 82.0+ 11.1 (63.0-99.0) 94.0 +10.4 (69.0-109.0) —5.59™**
Waist-hip ratio 0.79 + 0.07 (0.63-0.93) 0.88 + 0.06 (0.74-1.05) —-7.10"*

1) Mean +SD (Range) 2) Measured by Inbody 720

=% p <0.01, ***: p<0.001 significantly different between normal weight group and overweight or obese group by independent t-test
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Table 4. The time spent on each activity by the physical activity categories
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[Unit: min (%)]

Normal weight

Overweight or obese

Physical activity categories Elementary school

(n=33)

Elementary school
(n=25)

Middle-high school
(n=21)

Middle-high school
(h=21)

(1) Sleeping 531.1 £72.1(36.9) 4257 +115.6'"1(29.6) 543.4+59.6 (37.7) 421.9+111.6"""(29.3)
(2) Resting, Talking, Calling, Watching TV 204.7 + 116.1 (14.2) 273.4 +207.2 (19.0) 1957 £71.7 (13.6) 235.7 £ 160.6 (16.4)
(3) Eating food & snack 81.2 +26.4(5.6) 61.7 + 245" (4.3) 74.6+240(52) 683 +254(4.7)
(4) Personal hygiene, Computer work 118.6+77.8(8.2) 180.5+167.7(12.5)  134.1+97.0(9.3) 153.3+ 172.1 (10.6)
(5) Studying, Desk work 360.9 = 115.6 (25.1) 341.6 +217.6 (23.7)  349.0 + 156.5 (24.2) 424.3 + 1953 (29.5)
(6) Transportation (bus, taxi) 21.4+23.6(1.5) 42.6 +105.3 (3.0) 28.6+440(2.0)  24.5+29.8(1.7)
(7) Dressing 8.9 £13.7 (0.6) 19.1 +£42.7 (1.3) 8.8+ 11.5(0.6) 13.8+£12.3(1.0)
(8) A walk (slowly), A stroll 35.3+31.8(2.5) 52.9 +65.2 (3.7) 49.7 + 54,0 (3.5) 32.4+297(2.2)
(9) Tidy away 0.3+1.7(0.02 1.2+4.4(0.1) 1.6+6.2(0.1) 0(0)
(10) Indoor errand, Kitchen work 8.5+ 13.7(0.6) 17.6 +33.2(1.2) 10.8 + 14.1 (0.8) 9.8+9.8(0.7)
(11) Outdoor errand, Gardening 0(0) 1.9+8.7(0.1) 0(0) 0(0)
(12) Walking moderately, Shopping 26.1 +64.3(1.8) 6.9 +16.8(0.5) 7.3+187(0.5  18.6+552(1.3)
(13) Sweeping, Laundry 2.7+11.0(0.2) 6.2+9.3(0.4) 3.4+8.7(0.2) 9.5+13.3(0.7)
(14) Giving a piggyback 0(0) 1.0+ 4.4(0.1) 0(0) 0(0)
(15) Mopping floor, Club activities 0.3+ 1.7 (0.02) 0(0) 0(0) 1.0+ 4.4(0.1)
(16) Walking fast 0(0) 00 0(0) 2.6+8.6(0.2)
(17) Outdoor exercise 0(0) 0(0) 0(0) 0(0)
(18) Climbing, Jogging, and Sports et al.  40.0 + 52.1 (2.8) 7.9+19.17(0.5) 33.0+497(23) 243+31.6°(1.7)
Total 1,440 (100) 1,440 (100) 1,440 (100) 1,440 (100)

1) Mean = SD (%)

*. p <0.05 significantly different between normal weight group and overweight or obese group by independent t-test
T1:p<0.01, T17T: p<0.001 significantly different between elementary school and middle-high school by independent t-test
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Table 5. Physical activity level (PAL)” among the subjects
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S B 2 195 4, 2 A AT )
alARbbs fold el e (7t

9 r=0.897 p < 0.001)= Bk

Total Normal weight Overweight or obese
t-value
n PAL n PAL n PAL

Elementary school

Boys 28 1.53 +0.23" 15 1.54+0.25 13 1.50 + 0.20 0.42

Girls 30 1.42£0.17 18 1.44£0.16 12 1.39 £0.18 0.78

Subtotal 58 1.47 £0.20 33 1.48 £0.21 25 1.45+£0.20 0.65
Middle and high school

Boys 21 1.44£0.14 8 1.42 £0.15 13 1.46 £0.15 —0.64

Girls 21 1.44+£0.12 13 1.40 £0.12 8 1.51 £0.10 —2.00

Subtotal 42 1.44+0.13 21 1.41+£0.13 21 1.48 £0.13 -1.71
Total 100 1.46 £0.18 54 1.45+£0.19 46 1.46 £0.17 -0.18

1) Mean £SD  2) PAL expressed as a multiples of 24-hour BMR

All values are not significantly different between normal weight group and overweight or obese group by independent t-test

Table 6. Correlation between the time spent by 18 activity types and physical activity level (PAL) after controlling for gender and age

Physical activity categories Normal weight Overweight or obese Total
(1) Sleeping -0.335"* 0.178 -0.132
(2) Resting, Talking, Calling, Watching TV -0.319* —0.433** —-0.362"**
(3) Eating food & snack 0.306* 0.097 0.229*
(4) Personal hygiene, Computer work -0.114 -0.294 —0.205*
(5) Studying, Desk work 0.146 0.147 0.159
(6) Transportation (bus, taxi) 0.056 0.002 0.035
(7) Dressing 0.035 0.067 0.035
(8) A walk (slowly), A stroll 0.220 0.043 0.118
(9) Tidy away 0.093 0.060 0.068
(10) Indoor errand, Kitchen work 0.042 0.011 0.012
(11) Outdoor errand, Gardening 0.037 - 0.026
(12) Walking moderately, Shopping 0.168 0.177 0.175
(13) Sweeping, Laundry —-0.168 0.207 0.010
(14) Giving a piggyback 0.037 - 0.026
(15) Mopping floor, Club activities -0.133 —-0.088 —-0.091
(16) Walking fast - —0.058 —0.026
(17) Outdoor exercise - - -
(18) Climbing, Jogging, and Sports et al. 0.897*** 0.934*** 0.911***

1) Pearson’s correlation coefficient ()

*:p<0.05, #*: p<0.01, ***: p<0.001 significantly correlated by partial correlation adjusted for gender and age
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ted energy requirement (EER) and
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dren and adolescents.
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