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Dietary Macronutrients and VO, by BMI among Female College Students in Seoul
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ABSTRACT

This study was conducted to investigate dietary macronutrient and VO, by BMI. The subjects consisted of 50 female
college students. They were divided into three groups: Below BMI 18.5 kg/m” (n=9), BMI 18.5 — 23 kg/m’ {(n = 28),
above BMI 23 g/m2 (n = 13). Health-related questionnaires, dietary macronutrients, macronutrient compositions, food
frequency questionnaires, body compositions and VO, were studied. Macronutrient compositions that macronutrient
intakes were expressed by the percentage of daily energy intakes. There were significant differences in body fat, percent
of body fat, and fat distribution by BMI. Also, significantly increasing of basal metabolic rate (BMR) was shown by
BMI, but BMR per body weight was decreased by BMI. Overall, there were no significant differences in health-related
questionnaires, food frequency questionnaires (FFQ), dietary macronutrients and VO, by BMI but salty taste preferences
and carbohydrate intakes, FFQ of beans, white vegetables rand, yellow-green vegetables in the above BMI 23 g/m’ group
were significantly higher than other groups. There were no significant differences in macronutrient composition but the
lipid composition of subjects was shown above 20%. Also, energy intakes of subjects were shown to be low; especially
the below BMI 18.5 kg/m’ group was very low (55% of RDA). Significantly positive correlation was found in BMR and
body composition such as skeletal muscle & lean body mass, but significant correlation was not found in BMR and
dietary macronutrients. Overall, researched energy metabolism factor was not different by BMI. Only in the BMI 18.5 —
23 kg/m® (normal) group, significantly positive correlation was found in VO,peak and body fat oxidation. Therefore,
proper nutritional education for female college students is needed in order to improve their obesity-related health. Moreover,
a nutritional survey method of finding diverse factors that affect their health should be developed to meet various needs.
(Korean J Community Nutrition 11(1) : 52~62, 2006)
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Fig. 1. Distribution of subjects’ BMI.

Table 1. Characteristics of the subjects by BMI

Variables BMIC 185 185<BMI<23 BMI =23
(n=9 (n=28) (n=13)
Age (k@) 215 +517 232+62 246 +80
Height (m) 1619 0.1 160300 1625 =0.]
Weight 460 +3.07 527 +43 648 *6.6°
BSA (m?) 1.4 £01° 1.5201° 1.7 t0a°
Body fat (@) 120 £22° 154+20° 239 =3.2°
% body fat 256 +31° 293+28 352 %29%°
Fot distribution (g) 079 £0.03°> 0.8 £ 0.03° 0.85 £ 0.04°
Skeletal muscle (@) 17.4 +£19° 191 +23 237 +21°
Lean body mass (g) 34.8 *+28° 37.3+34° 440 *3.1°

BMI: body mass index, weight (kg)/height (m)2, BSA: body
surface area. 1) Mean = SD, 2) Different letters(a, b, ¢) within a
row are siginificantly different from each other at alpha=0.05 as
determined by Duncan’s multiple range test.
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Table 2. Basal metabolic rate of the subjects by BMI
variables BMI< 18.5 18.5 < BMIK 23 BMI = 23
(h=19) (n = 28) (h=13)
BMR (kcal) 1121.20 % 61.2"%° 11747 £ 72.3° 1320.3 + 66.8°
BMR/weight 245 + 0.5° 2.6+ 08° 19.8 + 0.8°
(keal/kg)

BMI: body mass index, weight (kg) /height (m)Z.

1) Mean * SD, 2) Different letters (a, b, ¢) within a row are
siginificantly different from each other at alpha = 0.05 as de-
termined by Duncan's multiple range test

Table 3. Health-related habits of subjects by BMI
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BMI<185(n=9)

18.5 < BMI< 23 (n = 28)

BMI = 23 (n=13) Chisqure-value

< 10 minutes 0" 0 0
10 — 20 minutes 16.7 0 0
Walking time 20 — 30 minutes 0 13.4 .9 817
30 — 40 minutes 50 348 54.6
1 ~ 2 hours 16.7 348 27.3
> 2 hours 16.7 17.4 _ 9
Having breakfast ' 66.7" 69.6 81.8 0.68
Drinking caffeine beverage 333 47.8 727 2.89
Preference of fast-food 50 34.8 18.2 1.92
Number of meal 28 +0.4” 27 +0.5 26 +0.5
Preference” of sweet tastes 2.8 + 08" 2.4 + 0.8 1.8 + 0.9°
Preference of salty tastes 1.2+09° 1.4+08" 20+07°

BMI: body mass index, weight (kg) /height (m)Z.

1) %. 2) Meon £ SD, 3) very like: 5, ike: 4, moderate: 3, dislike: 2, very dislike: 1, 4) Different letters (q, b, c) within a row are sigini-
ficantly different from each other at alpha=0.05 as determined by Duncan's multiple range fest.
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Fig. 2. VO3 variation and training time by BMI. Training time 1: at
rest period. Training fime 2! at treadmill speed 1.66 m/s. Training
time 3: at freadmill speed 1.93 m/s. Training time 4: at freadmill
speed 2.08 m/s. Training time 5! at treadmill speed 2.21 m/s.
Training time é: at recovery period.

Fig. 4. Oxidation of body fat variation and training time by BMI.
Training time 1: at rest period. Training fime 2: at treadmill speed
1.66 m/s. Training time 3: at freadmill speed 1.93 m/s. Training
time 4: at treadmill speed 2.08 m/s. Training time 5. at treadmill
speed 2.21 m/s. Training time 6: at recovery period.

90
80

o A

60 A / /-\\’

50

o /

30 / % - BMI< 185 n
—E- 18.5 < BMI<23

Tz ‘ —A— BMI = 23

[
o} 1 I I 1

g/h

Min

80
70 - BMI< 185 ]
€ “7/\ m- 185 <BMI<23 ||

\\ —&- BMI 2 23
50 -

% = N

20

30 \\
20 B
\

Min

Fig. 3. Oxidation of body carbohydrate variation and training
time by BMI. Training time 1: at rest period. Training time 2: at
treadmill speed 1.66 m/s. Training time 3: at treadmill speed 1.93
m/s. Training time 4: at freadmill speed 2.08 m/s. Training fime 5 :
at treadmill speed 2.21 m/s. Training time 6! at recovery period.

Fig. 5. Body fat oxidation rate variation and training time by BML.
Training time 1: at rest period. Training time 2: at freadmiill speed
1.66 m/s. Training time 3: at treadmill speed 1.93 m/s. Training
time 4: at treadmill speed 2.08 m/s. Training fime 5: at treadmill
speed 2.21 m/s. Training time 6: at recovery period.



A - el - 57

Table 4. Daily energy intakes, macronutrient intakes and their energy percentage by BMI

18.5 < BMI<23 (n = 28)

BMI = 23 (n= 13)

Variables BMIK185(n=9)
Energy (kcal) 1109.5 + 934.5"
Carbohydrate (g) 161.9 +133.3°
Protein (g) 528+ 47.2
Lipid (g) 333 313
Carbohydrate (%) 61.7 £ 2046
Protein (%) 171+ 7.2
Lipid (%) 265+ 157

1600.3 + 535.4 1605.4 * 586.4
2352 + 73.8°° 2442 + 82.8°
65.6 = 25.6 655+ 27.7
461 = 235 437+ 278
598+ 7.8 622+ 94
164+ 32 161+ 3.1
249+ 7.6 228+ 86

BMI: body mass index, weight (kg) /height (m)Z.

1) Mean =+ SD, 2) Different letters (a, b, ¢) within a row are siginificantly different from each other at alpha = 0.05 as determined

by Duncan's multiple range test
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Table 5. Food frequency scores” by BMI

BMI<185 185<BMI<23 BMI =23
h=9) (n = 28) (n=13)
Beans 25+1.3%9°  27+09° 3.6£1.1°
Fish 25+08 21+06 2509
Meat 26 *1.2 2.1 %06 28+ 1.3
Eggs 29+1.0 27 +07 27 13
Milk & daily 30+ 1.1 3112 34%1.2
product
Anchovy 26+1.2 2.1 +08 24 %11
Seaweed 241 1.4 22+07 27 +13
White vegetables 2.8 +1.2° 37+1.2° 39+ 11°
Green & Yeliow 2.1 £ 0.8° 29 £ 09° 33+ 1.1°
vegetabies
Fruits 3009 35+12 36+10
Oil 3110 3.4+08 33+ 1.1
Instant foods 3.6+ 1.1 38 = 1.0 4.1 £0.5

BMI: Body mass index, weight (kg) /height (m)®.

1) Score (0 — 4):None 0, 1 — 2perweek 1,3 — 4 perweek 2, 5
6 per week 3, 7 per week 4. 2) Mean * $D, 3) Different letters (a,
b, c) within a row are siginificantly different from each other at
alpha = 0.05 as determined by Duncan's multiple range test.
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HERIAAS F2A AR AAgere 713 Za5 A
BAE zH= WA (Karhunen 1997)0|c} H ojshAy
T-(Kim & Park 2005) oA 7| ZchAleFa) A2 922 Ak
A (r=0.70, p < 0.0 E Yehto), B AFoxs 1
TRgo] o LA Rz Yeldthr=0.99, p<0.01).

o R



Table 6. Correlation between BMR and dietary macronutrients by BMi

Keal Protein Lipid Carbohydrate % protein % lipid % carbohydrate
BMI<18.5 0.69 0.48 0.45 0.66 -0.26 -0.44 017
18.5 < BMI< 23 0.23 0.14 0.15 0.20 0.03 -0.01 -0.05
BMI = 23 ~0.10 -0.28 -0.23 0.06 -0.41 -0.41 0.43
BMI: body mass index, weight (kg) /height (m)’
Table 7. Correlation between BMR and body composition by BMI

Skeletal muscle LBM Body fat % body fat WHR Weight

BMI< 18.5 0.99™" 0.99™* 0.20 ~0.19 -0.92 0.73
18.5 < BMI< 23 0.99"* 0.99"* 0.65" -0.09 -0.24 0.96™**
BMI 2 23 0.99"* 0.99"** 0.24 -0.35 -0.11 0.81*
BMI: body mass index, weight (kg) /height (m)?
*p < 0.05 by Pearson’s correlation, *+p < 0.01 by Pearson's correlation, *++p < 0.001 by Pearson's correlation
Table 8. Conelation between VOzpeak” and body lipid oxidation rate of total energy oxidation

Ratio 1 Ratio 2 Ratio 3 Ratio 4 Ratio 5 Ratio 6
BMI< 185 0.30 0.46 0.80" 0.63 -0.03 -0.38
18.5 < BMI< 23 071™* 0.70"™ 0.75™* 0.39" -0.28 -0.46
BMI = 23 0.30 0.37 0.59 0.50 0.20 0.43

BMI: body mass index, weight (kg) /height (m)?

Ratio 1: body lipid oxidation rate of total energy oxidation at rest period

Ratio 2: body lipid oxidation rate of fotal energy oxidation at treadmili speed 1.6ém/s

Ratio 3: body lipid oxidation rate of total energy oxidation at treadmiill speed 1.93m/s

Ratio 4: body lipid oxidation rate of total energy oxidation at treadmiill speed 2.08m/s

Ratio 5: body lipid oxidation rate of total energy oxidation at treadmill speed 2.21m/s

Ratio &: body lipid oxidation rate of total energy oxidation of recovery period

*p < 0.05 by Pearson's correlation, *++p < 0.001 by Pearson’s correlation. 1) VOzpeak: VO, at treadmill speed 2.21 m/s

6. 2TYTY MU Ay 15t HI g2t ARy

B AP A4 8F S Y8 239 Edey &
F H1 £E(2.21 m/s)Y W) A AB]ZRE VOspeak
:1_,_ -

!

E@37)= 3tk BMI'E VO,peakdt tidatel &%
yod A A Akl Blgake] $¥AE Table 891 A
1tk BMI 18.5~23 ke/m’® T &, A4 AFTolME F
L5 AGAZIR] ZE dAlel A= A A Akst
H]&3} VOpeakoh= 93 Addo] Sle Zos Jeb
2uHr=0.71 p<0.001, r=0.70 p<0.001, r = 0.75 p<
0.001, r = 0.39 p<0.05), BMI 18.5 kg/m? o]3} FeliA]
= Efed £571 1.93m/sY ®2 VOpeakst AaAdo)
R Aoz vEbda(r = 0.80, p<0.05), BMI 23 kg/m?
ol oM BE EFEY £TolX VOypeakst A
Ajuh AbsL B]E Zhll AHo) Qi o' Yyt

i

o

ol

=

[BLY

BMI 18.5 kg/m® o}3lel tiAA 9] HaAH e A%
9] ok 55%¢°] allFEo] A o2 ogz] ] 2=
ol Yehtt], oMY Az EF 52 7xdA S 7
2A1A (Susan 5 1991), v]¥ke] A a<lo) & 4 it
S qUjAEe] Fadst G3ES Ao] deE njEe] A
AFot FALCE olojd = Qlof, Yot w9 AL A7
< S8 5 & 21lo] F & gk Wishwiets] Ay
7} 9432001 & vivrdd 98 2% BMIgE i
< B4 An, FeuvA AHF, ersE A% 18
T &% T ot BANS Zety siglen, 2 o
ToAE BMI F7tell whet Br3te AFE Aolg 2
T STt 30 B Gl At 14 8]
T} WA (Kim 2000), A3l vjgt A= &
Agetka) Ao} itk (Dreon 5 1988; Miller ¥ 1990;
Romieu 5 1988) B EgoL £ A= BMIZI &
7VE&FE A AFZolY FAEHmIY feF Hole
Holx] gttt T8y FEY FE A7 A= XE
Fgolth 20033 Park 59 g7l | k)
Z 4%l Uit XA e 18% HAEZ AT 2Ak
30~40% (Dubois 1994) ¢k= vl ® A Y= FFolet

A8 2o
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[o]

lou 2 O Ay 28 FolA A EF AQFuH|80)
Frodarstsl AN 20%S 93 YT oln] AgA
v A AEY AA 4F vlgo] 2 9% E4Y AV
AA9 vk JrHKim 5 2003; Park & Yim 2003). A4
g F o] AR|shk= vl Tk A8dA A% %
A3 Y3k (Kim 2000 ; Lee 5 1997), 2000 B.iro]]
o3k 87] Aol 23k Apgo] AA ARIS 23.7%E
AAEFF O (NSO 2001), Y2 £8I)A AP
Aol A Wl £ o AE S7HE 2oz Agsiy
(Back T 2002), 2174 A1 F1 Qi) AF Alsls
7|5tk AAPROE AREHE vlgo] w& o] A £4
< 13 & ), JdAES] A HlEo] 2 o] e
e A AF7) ol AAW 4] e9lo] & 5
Atk Tigo] & AT Aol AFHUE dEAeed A
< 7}ketd A 47M3o] g -zt X8 BMI F
7lell w2t ®te] 71550t S7kEe A2 Ykt ofu]
BlTEE St whe Rshe o Asshe A% Fad o
A AN YERFITHLIm & Na 2005). 21F 7|55
FFdF Aol led, 53] uwtn ALY AF
71399 #HEAAL YA 319 (Einstein & Hornstein 1970),
AE 7135 o vk Wd 24 (Kim F 1998)l o
& A7t Eibs] sgdn} ok g Butel] gjgl Vs w
7} A AslekA Wsle oz 4 9lo](Cade & Marget-
tes 1991), HIRRIES A HE T Ao & 2
Sl shojct. eyt gt digt 7|3k o 7|ERt
ekt 2le) 3 A= AE nge B Akl
r#o] AFHojok FTHLim & Na 2005). theHIES] 2]
g Ae] ZAF A (Lee & Woo 2003), E3HEE2] A%
FE 2T FA A A e ARG Po] gFsER vl
i) A= o vubgoky gtk ol Aujago] of
A& 1 dAstthe o2 %Y FoAd g <14
o] RZ3}y] WjiFolthLee 1999). Wb AAtiBES] Jok
2 A% el Bet X&) BAS Fto] o2 4
AL seslal ol 7dsk] A%t k8o H st Kim &
2003).

B Aol A7|7ke] ooka AF Aol sl A=
e AlA T FUdao FEe AR H A7
Pao 2F, Er Fuda A7 dEE It
A2 A AdH BIEE FARBKITHKIm 5 2003). 35, B
A A R 58 4] AH WTE BMI 18.5~23 kg/m®
ol 73 BMI 23 kg/m? o]4+¢1 7] BMI 18.5 kg/m? ©]
sht Btk o A AFsHe Zo® Jehdch oleist A
= BMI 18.5~23 kg/m?Q1 T3} BMI 23 kg/m? o4l 2

©:

rir

A
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9] d3o] BMI 18.5 kg/m” o3tz D 4433k 2H45%
o, gralE 0] F2lsk %3k A (Table 6)&
128 o, BMI 18.5~23 kg/m?Q! T3 BMI 23 kg/m? ©|
Al Fo)] BMI 18.5 kg/m® o)8hr BT} o] B ko] A&
A3 23 Jepitia oJARL gutd oz AlFEL 2
AF 2739 ZdEglo]l AL 4% FAV FHo] NRE &
#Hog B Ago] gtk $ch(Stubbs 5 1996). #
e VIR Q8] AW o] SUbE L Qe A%
THE o A5 PEA TR JUEE g T2
sltka aF¢cH(Lim & Na 2005). 2 47 23 BMI 18.5
kg/m?ol3FA& BMI 18.5~23 kg/m® #3 BMI 23
kg/m? ol ARQIF BT} F7) A NEs} Wit} E AF
s ARRE Ao BIEZAMIE Wert ZARIGE B F
Fx FF AP HEHA Z3Gich mER @Rt
vigteke] #y Ee] ¥5E Vet wetd %
B7E A7} o|Rox]Z Fgsict

BMIZ} S7hgell whet AASE, AASE, AEE 5
TE Hg FE (¥} fosA A veltth(Table 1).
B3] tRES) AR BMIZ| 718 wet 25.6%,
29.3%, 35.2% 22 F23A FUIEI%TE 94439 A% B
TAoZ A HA A5 25%°17 (Choi 5 2004).
30~35% olArE ugko® s I B dPelMe
BMI 185~23 kg/m*T (33 AB) = A=ge] 29.
3% e, BMIgh= HER B Ao Aodgh ANk oo
AEL Az Aeis AR A¥EE T F Sle
AAz70)2t AR

7 7)Z2dAlERS BMI $71el et =4 velt o,
ZURRES 9 AFo 2 BAT 3 oleh= vkl e
Bo] BMI 18.5 kg/m? ©18k2] 3to] 24.5 kcal/kg, BMI
18.5~23 kg/m?Ql T-¢] ko] 22.6 kcal/kg, BMI 23 kg/m®
o|AkeITe] k& 19.8 kcal/kgS ® BMIZ} E71eE @
8l8 folFoz 743Gt vl nivterE AT
Ty, AXYRE SRR J\xdilEe] $A4) Ve
o) Z8og Ak B A Fzo] Howg J)xy)
AlEko] At (Melby & 1990) 8o, 2 97 2A9E
AFAIA FUAT E=3 v Y7} e AL Z)xgiit
o] ARIEHT ik 500 keal AE 0] EA) VERIA|T,
AR AFo] FU AYRJIET v B 232 15~
20% AT @& 72uAEEE BeItky st th(Ravussin
T 1988). ojAH AF2 Aol TelEh 7o A
ZAE T} H|glo) 23] WAl el it

£ A7l % AHH 9 JUA AF v)ES BMI
of we} o2 9k Row Yehton BMIe] wE &




X

EREE AANAR(EAE 5E), o5 F A B
o} x4k AbslEE A A A 8E F ARERE T A
o]2 Ho|x| Yok (Table 3-5), AF B ¥ oz} 212
FFT BMIC Wt Xolrt gl AR Yehkth g
o2 ofidx] 2HlE FAUKEE, 55 st ouix] AR
2 AFolgS YT o anZ ASUAECR BRI
X Qtk AA FA g ZxdRiEE 22 ou|E A}
B3], F3UAREE o8] 71X gAwsle] H-33b] Y%
YA AWES 9njdtH(Choi 5 2005). ©] & 71&diAt
22 7183 A 7152 Fsled Hast Hagke] d
Folu, 3% AT G} 60~70%2 AL weky 7]
ZUAEE ST AB)UR|E SU1AA vt &35l
g Hiklo] = 2= Qi) B AFoa] BMIE 7|2UjAlERe
ZATR AXEE YR o] Y= Ho 2 e
2 (Table 7) FBEAT, EFA%E F7 B9
g S5 Bo] gl A0 2 UehdtH(Table 6). £ AT
o] At o= AYAEES ouA] drtE ZALE| A3 &
F Jokatt ZAES ¥ I Ak diile] Bolshs
)2k okiol digh B E A BEMER eokth 2% o]
23 YL 1S A7t o] FIXVIE 7 s

A BE ZAS 98 A4 Edsd £% 2 Au &
(221 m/s) Y W] AbA AB|EH(VOspeak) < BMI 18.5~
23 kg/mAE &, A AZZAIMD A1 T AGA7}
A BE Al AREE A A% 48 81E3 VOgpeak
= golgt Aldol Q= Ao vehdth ol AA AlE
Mg &% Feo] A A4k Al vl g BN A
£ Uehdth &, Axigol AU xlE o)Ak Agel] 59
S FUATIEERT AU A Qi E7Holx] 5t
AL culsict, B3] Hjwkl AS $E0F A AY AP
AbsE g2 Al ws) @ anAY Rog oA

AubAg o g FAL S AFHEFHo] A Ik=d),
AR Zokow, BMIO| W A LH T |kl
2 zlolg 2 & Aglth Tu A AEA ALE A8
3t &5 A% Aoz A Assds FuUAD F
ATt wEb i) ofuiz] diAk= ulT AT whek
o9 Tkt @lo] sk A oE qAXI o8
317) 918 $4 413 kel tha AR ZAP} ol 20l7
opsitt oja] GUa9] oFFQl A} B o} AL &1 2
i) dirlell FEE v]E F = HAF 5 ofr] 2glo]
7 zALElojol BTk w3k &) 2L W19 ARt
B oz} TAAQ oopitelel dgke Wloo R Az =
3] Azt HAE 2ole S wHsl] fa ey 4l
gl4do] 22 2lo] X7t sfursjoiolsith, ARz ol A

vl

o) 82 AYENA A Yetrg wRef daj o
A A7 FA SPoA gas] F23 thReiA 1 g
(Manson 5 1995). wjgbA 47| 2719 A=
Ao oigx] tiale) Folal= 2918 FEE] Y okt
Al A7} o)Fojxo} & Ao},

2% @ 2E

B 9T ot teE AR S e oz
o el B 2elg EAREA ANSAoH, T
5} ge Aog Ak

dAEe BMI 37t ek ARua, A e, A
BE 5 07 A ARE0) KIHo R S £
BMI 371e) ek 7| 2dio] SRt o, B9l A% 3
NS folHos gasg 8 2E &%, of
A AR} o, A1) 28 AF o, WAEFE MIE, of
A AP 25 5 A7 BA ALY FUS TU Aot 9
o}, BMI 2716l mhe} w39 J15 s felsil 37)e)
Aok T A FEele Aot igion) 54 A @
FoHE, A AskE A Holg wol Wit T3 A
AP Aolg wolAl Qgront wis F7kl wiet @
FohE YRS el FRKICh I ANl ¥
2 Aol BolA ggkort tha Mo XY I
7 20%0} Se Ao vekdth IR, gL, F3Y
AaE BMI 27kl me} 45 WErt 271653, BMI
Z7k) M2 718, QAEE HF 43 WEE Mol 43
ok BMIE 7lErhtge A4 24 F 242 AR
Bl gle W G JUL LB WAV = Ao
2 vehgeh 2AME ojold oAl gkl B QAL ]
7o) Wt Aolg UehiAl gigton, ulmsiAY AAlg
A9uThe A A7t £F02 A% A A sk v)
8] B8H02 74 Folet ASEG RS o
WA thaks B8] oAl AT Fe AABE S
E3he 21 opck Webd ojohy wgke F95] 9
e FAR A58 5 IUD 2989 BE ¢

Ho| o|oiHo} & Zolct.
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