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Assessment of Physical Activity Pattern, Activity Coefficient, Basal Metabolic Rate
and Daily Energy Expenditure in Female University Students
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Abstract

This study was conducted to investigate the physical activity pattern, activity coefficient, basal metabolic rate and energy
expenditure of female university students. One-day activity diaries were collected from 95 female university students in
Seoul. Body composition was measured by Inbody 720. Subjects spent 7 hr 8 min on sleeping, 6 hr 31 min on studying,
2 hr 50 min on physiological activity, 2 hr 3 min on leisure, 2 hr 2 min on walking and jogging, 1 hr 58 min on commuting
and 22 min on house chores. The activity coefficient of these subjects was 1.58. The comparison of body composition of
subjects according to PAL showed that body weight, body fat mass, arm circumference and arm muscle circumference of
physically active group were significantly higher than those of the sedentary group. BMR calculated by Harris-Benedict (H-
B) formula and DRI formula and BMR measured by Inbody 720 was 1375 kcal, 1306 kcal and 1209 kcal, respectively.
Total energy expenditure (TEE) examined by one-day activity diaries and calculated by H-B formula and estimated energy
requirement (EER) formula in DRI was 2102.1 kcal, 2184.4 kcal, and 2164.5 keal, respectively. The Pearson correlation
coefficient between TEE examined by one-day activity diaries and H-B TEE was 0.795 (p <0.001) while that between
TEE examined and DRI EER was 0.604 (p<0.001). Overall data indicated that female university students seemed to be
less active. Therefore it is recommended that universities develop good exercise programs for their students. Further studies
are needed to generate more meaningful results with a larger sample size and using machine attached to the body, which
are able to detect physical activity more accurately. (Korean J Community Nutr 18(1) : 45~54, 2013)
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1) Harris-Benedict formula(Harris & Benedict 1919)
BMR (kcal/day) = 655 + [9.6 X Weight(kg)] +
[1.8 X Height(cm)] — [4.7 X Age]

2) DRI formula(Institute of Medicine 2010)
BMR (kcal/day) = 255 — [2.35 X Age] + [361.6
Height (cm)] + [9.39 X Weight (kg)]

3) Inbody 720 &7l (Cunningham 1991)
BMR = 370 + LBM X 21.6
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1) Harris-Benedict formula(Harris & Benedict 1919)
= Harris—Benedict formula's BMR (kcal/day) X
A5

2) IR 22 7YY (Estimated Energy Requirement, EER)
34 (Ministry of Health and Welfare 2010)

= 354 — 6.91 X Age(A]) +PA X [9.36 X Weight

(kg) + 726 X Height(m)]

PA = 1.0M&EEA), 1.12(HE%52]), 1.27(F=3),
1.45 (W% &54)
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52 (Skeletal Muscle Mass, SMM)Z 20.9 kg 2
AAH=E (Body Fat Mass, BFM) 15.9 kg & ¥ &7
RS 2] AlA) A X <= (Body Mass Index, BMD +
20.9 kg/m?F o™, AAWE (%body fat)> 28.4%%Th.
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Table 1. Anthropometric measurements of female university students

Values Range
Age (years) 20.5 £ 0.1 18.0- 24.0
Height (cm) 161.9 £ 04 150.0-172.0
Weight (kg) 54.8 + 0.8 1N.9- 865
Skeletal muscle mass (kQ) 20.9 £ 0.2 17.2- 28.7
Body fat mass (kg) 159 £ 0.6 75— 37.6
% Body Fat (%) 28.4 + 0.6 16.7 - 43.7
Body mass index (kg/m?) 20.9 £ 0.3 168 - 31.8
1) Values are Mean £ SD
Others,
S6min, House chore,
389 % ZZmin, 153%
Sleep, Hygiene,
Thr Srin, Zhr 50min,
29.74% i / 11.78%
I,
T,
Comrmute,
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Bhr 31lmin, Leisure,
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B Study Walk+Jog [ Hygiene

Fig. 1. Distibution of time spent on each activity of female
university students.
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Table 2. Comparison of fime spent on each activity according to physical activity level

Activity examples RMR” Total Sedentary? Low active® Active?
multiples (n =995 n=11) (n=151) (n=233)

Sleeping 1 428.3 + 879 409.1 + 24.45® 4506 +11.3 400.3 =+ 147
Resting, conversation 1.2 426 = 58.1 =+ 25.2™ 368 £ 7.8 453 £ 100
Rvejgihr?fgwﬁgg;%g&?ﬁ;W”“”g' 1.2 1033 + 97 1246 + 2250 1272 +142° 613 +12.7°
Eating 1.4 964 + 42 1086 =+ 140% 1038 = 546 823 + 6.2
Personal hygiene 1.5 48.7 £ 3.2 364 = 8.0% 481 t 4.4 538 £ 57
Hobby, computer game 1.5 293 *+ 56 409 £ 22.6™ 245 + 6.6 32.7 £ 100
Studying 1.6 391.1 £ 139 4838 =+ 52.8° 3766 + 168° 3827 =+ 23.7°
Commuting 20 1180 = 84 84.4 + 31.7™ 1161 £ 109 133.6 * 13.7
Makeup, hanging clothes 2.1 246 £ 3.2 164 £ 7.4~ 243 £ 4.4 279 £ 57
Strolling 2.5 344 £ 6.9 2156 £ 13.9™ 440 £ 1.7 238 + 6.4
Cooking 2.6 1256 £ 3.2 1.8 £ 1.8™ 128 = 40 1568 £+ 67
Vacuum a room 2.7 28 + 1.3 o 1.8 = 1.3 556 £+ 30
Walking 3.1 449 £ 64 150 + 8.6° 356 * 65 683 £ 14.3°
Laundry 3.2 03 £ 02 o™ 02 = 02 05 £ 05
Sweeping with a broom 3.2 61 £ 1.6 o 57 £ 21 86 + 3.3
Mopping 4.0 03 £ 03 o 06 £ 06 0
Walking quickly 4.5 264 £ 4.9 182 =+ 11.6™ 185 = 43 417 £11.6
Jogging 7.0 166 =+ o° 1.2 £ 1.2° 46,1 £ 13.4°
Activity coefficient 158 £ 0.21 1.35 £ 0.04 1.50 £ 0.06 179 £ 0.23

1) Source from recommended dietary allowance for Japanese (5th revision, 1985) and dietary reference intake for Koreans (1st

revision 2010)

2) Sedantary: PAL < 1.40, 3) Low active: PAL 1.40~1.60, 4) Active: PAL > 1.60, 5) Values (min/day) are Mean £ SD
a,b: Means with the different superscripts are significantly different at p < 0.05 by Duncan’s multiple range test

ns: not significantly different among groups at p < 0.05
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Table 3. Physical activity pattems of female university students according to physical activity level

Activity level Total Sedentary" Low active? Active®

(n =99 n=11) (n=251) (n=233)
Activity pattems Mainly sedentary Mg:g ;Tsngci%m %ﬁéﬂ?gﬁ;ﬁs\?
Sleeping (1.0) 4283 + 879 409.1 £ 24.4 450.6 + 11.3 (480) 400.3 £ 14.7 (420 - 480)
Very weak activity (1.1 - 1.9) 711.4 £ 13.9 862.4 £ 37.3 716.9 £ 14.5(780-840)  658.1 = 23.6 (660 — 720)
Weak activity (2.0 — 2.9) 1923 + 8.4 124.1 £ 30.4 198.1 £ 14.2( 60-120) 206.6 = 19.4(180)
Normal activity (3.0 — 5.9) 780 £ 6.7 332+ 11.6 60.6 £ 4.3( 60) 119.1 £ 11.6(120)
Strong activity (6.0 <) 16,6 £ 5.1 0 1.2+ 1.2( 0 46.1 £ 13.4( 0)

1) Sedentary: PAL < 1.40, 2) Low acftive: PAL 1.40-1.60, 3) Active:

5) (Values) from DRI for Koreans (1st revision, 2010)

Table 4. Comparison of time spent on each activity according to BMI

PAL > 1.60, 4) Values (min/day) are Mean + SD,

Activity Underweight" (n = 18) Nomal? (n = 64) Overweight & Obesity? (N = 13)
Sleeping 433.3 £ 21.5™ 4291 + 1119 417.7 £ 14.6
Resting, conversation 34.4 £ 13.6™ 420 £ 7.6 496 £ 17.1
Studying 4162 =+ 37.6™ 388.2 £ 157 3708 =+ 427
Commuting 134.9 =+ 20.3™ 113.4 =+ 10.1 1169 =+ 247
Lesiure 128.3 =+ 16.9™ 136.0 =+ 13.7 113.1 =+ 28.0
Personal hygiene 658 = 8.2% 746 Lt 55 77.7 £ 124
Physical activity 795 £ 1517 1325 =+ 120 128.9 =+ 36.2
Housekeeping activity 150 = 6.1™ 205 *+ 40 392 =+ 157
Others 132.6 =+ 13.6 103.7 =+ 20.0 126.1 =+ 168
Activity coefficient 1.55 £ 0.227@ 1.59 £ 0.23 1.59 £ 0.16

1) Underweight: BMI < 18.5, 2) Normal: BMI 18.5-23.0, 3) Overweight and obesity: BMI > 23.0, 4) Values (min/day) are

Mean = SD
ns: Not significantly different among groups af p < 0.05
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Table 5. Comparison of body composition according to physical

activity level

Sedentary” Low active? Active®

n=11) (n=51) (n = 33)
Height (cm) 161.6 = 1.1™  161.1 £ 0.6% 163.4 £ 0.6
Weight (kg) 505+ 1.7° 539 £ 1.1%  57.6 + 1.6°
SMM (kg) 20.1 £ 0.4™ 20.6 £ 0.4 21.6 £ 04
AC (cm) 253 + 0.7° 263 + 0.3%° 27.2 + 0.4°
AMC (cm) 20.5 + 0.4° 21.0 £ 0.2%° 21.7 + 0.4°
BMI (kg/m?) 19.4 £ 09® 208 +038 216+ 06
BFM (kg) 130+13 155+£07° 175+ 1.1°
%Boay Fat (%) 2563 £ 1.7 28.3 £ 0.7 296 £ 10
W/H ratio (%) 0.8 = 0.01™ 0.8 £ 0.0 0.8 £ 0.0

1) Sedantary: PAL < 1.40, 2) Low active: PAL 1.40 - 1.60, 3) Active:

PAL > 1.60

4) Values are Mean £ SD

SMM: skeletal muscle mass

AC: arm circumference

AMC: arm muscle circumference

BMI: body mass index

BFM: body fat mass

W/H ratio: waist-hip ratio

a,b: Means with the different superscripts are significantly dif-
ferent aof p < 0.05 by Duncan’s multiple range test

ns: not significantly different among groups af p < 0.05
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Table 6. Comparison of basal metabolic rate and total energy expenditure calculated by three different methods

Harris-Benedict formula” DRI formula? Inbody 720% TEEY
BMR (kcal/day) 1,375.9 + 83.0° 1,306.7 = 84.7 1,209.4 £ 85.2 -
TEE (kcal/day) 2,184.4 £ 350.1 2,164.5 £ 259.2 - 2,102.1 £ 521.5

1) Harris-Benedict formula: BMR = 655 + [9.6 x Weight (kg)] + [1.8 X Height (cm)]-[4.7 X Age]

TEE = BMR X activity coefficient
2) Formula in DRI for Koreans (1st revision, 2010)
BMR = 255 - [2.35 x Age] + [361.6 X Height (m)] +

[9.39 x Weight(kg)]

EER = 354 — 6.91 X Age (years) + PA X [9.36 X Weight (kg) + 726 X Height (m)]
PA = 1.0 (sedentary), 1.12 (low active), 1.27 (active), 1.45 (very active)

3) Inbody 720 (Biospace): REE = LBM x 21.6 + 370

4) TEE examined by One-day activity diariest = basal metabolic rate + energy for physical activity + thermic effect of food

5) Values are Mean £ SD
BMR: Basal metabolic rate
TEE: Total energy expenditure



Table 7. Pearson correlation coefficient among different methods
of the basal metabolic rate

H-B BMR" DRI BMR? Inbody BMR?
H-B BMR 1.0
DRI BMR 0.996%** 1.0
Inbody BMR 0.8571*** 0.872%** 1.0

1) H-B BMR: basal metabolic rafe calculated by Harris-Benedict
formula

2) DRI BMR: basal metabolic rafe calculated by Institute of
Medicine (2002)

3) Inbody BMR: basal metabolic rate measured by Inbody 720

*#k < 0.001 by Pearson correlation analysis

Table 8. Pearson correlation coefficient among different methods
of total energy expenditure

H-B TEE" DRI EER? TEE®
(keal/day) (kcal/day) (keal/day)
ooy 10
(kzgl/ny) 0.512%#+ 10

1) H-B TEE: fofal energy expenditure calculated by Harris-Bene-
dict formula

2) DRI EER: estimated energy requirement by DRI

3) TEE examined by One-day activity diaries: basal metabolic
rate + energy for physical activity + thermic effect of food

**% 5 < 0,001 by Pearson correlation analysis
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