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Macronutrient Consumption Pattern in Relation to Regional
Body Fat Distribution in Korean Adolescents
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ABSTRACT

This study was conducted to identfy the determinants of regional body fat distribution of obesity(upper body obesity and
lower body obesity) for adolescents. The macronutrient consumption pattern utilized the most important variables to test for
potential determinants. A total of 726 adolescents living in rural areas in Korca had been observed for four years from 1992 to
1996 about their diet, sexual maturation, serum components and physical growth. The study design was similar to that of a case-
control study. Logistic regression analysis were used as an analytical method to identify the determinants of upper body obesity
and lowcer body obesity. Odd ratios were estimated from the regression to identify the rsk factors. Fat consumption pattern was
the most frequent one among the three macronutrient consumption pattern of carbohydrate, fat and protein. Prevalence of
obesity for the subjects was 9.5%. Prevalence of upper body obesity was higher in male students than in female students. On the
other hand, prevalence of lower body obcsity was higher in females. The results of the logistic regression analysis showed that
the risk factor for upper body obesity was sexual maturity rather than dietary factors. None of the factors included in the analysis
for lower body obesity appear to be the risk factor. The result may suggest that to develope a determinant model for obesity of
adolescents, the model should include a wider range of variables other than diet, sexual maturity and changes in blood serum.
(Korean J Community Nurtrition 4(2) : 157~165, 1999)

KEY WORDS : macronutrient consumption - obesity - body fat distribution - adolescent.
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158 - Aande) dekoofa 4AwdT Az
71&e] HojA el wigtyle] dAo digt A7 2ol
FAzAo) vihiAg e ¢ Jrie FR AP =
HE B8 2 vEE ASF F vk AAFHeE 4
3 @ars| aElw ok, AFAHAGEE FASE & Sto
ry & Alton®] 5 (1991)l &shd Blwtop= A1l H]
g A st HY, i dHEe] A1 Aoy
Hkel HH o] Wi st Obarzanek $(1994)9]
Froll o3hd wgkele x| A o] vt AT} o
AolA 53] THAPMFE FH3 AFS Tol AFE
ol AFAHNLS FIYL: FEYE B B E
AGHF] H37t L Aow LJ__LoLx_ 2lv}t. Danforth
(1985)¢] @7l o5t 79 4T ol gty Lt
=7A FozA wgke oird "1"" Arka spvk. FFa
AFFEE o= ¥ Miller(1991)9) J7l <51 3§
Ag AFhee Hoee dF8H AFE AAZ A
HY A, 2=z BeskEe] vy Ak AHe 71
29449 7 Qlva Bastgiv
Bigte) 25+ Awzae] Heof o 2574 Agza
o] AREX ¢ E7FZ o] £ 5 vk AdEae]
Hejol 93 EFe AR AEpet J¥=r]d o
EFolrh(7@ g4 1990 ; Bray 1992). Al3E9] :“1.7]7]' F7Fs}
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AX o] #EE= v A E9 7t ‘57}*3}* A EZFA
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Fa Ao fgo] & whd SolH|RhE JAFQL A "—E]
= A7 “}3’—"] SE s AT I/ Fold ¥
HAEe = &Y 771 glo] Aol A= A .’5'._01'3}
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AT AZZH BEHYA ] B2® Spring Scale W4 be-
am balance scale(Continental Scale Corp. Chicago,ill.,
USAYE AHE-atan). S8Ed 2 d3olEdy S44e
A2 F(1990)°] AN A HAEHE wE ¢ 1
cmE Avhe FHEHNE 4951 F9o) = A}
o] ZRo)A] Hol o)A 7 Bo] E&H 299 &
BEHUE FANAT

(2) ¥9x B4 9 wetge £5
ujmte] Ao o] &4d 712X 5= Body Mass Index
(BMI) gte=x BMIe| 4b&-g22 vga 2.

BMI=A% (kg)/2 % (m)*

Hjgte] B2 BMIghE T4 L= 2001811
F. 20~25 w19l HSE A4 25~30 WTl ASE
HAF, 300142l FL-E vivke g PR go} B G
ANME 7ol Beg TR BEE 98] 25014 A¢
£ H|gteg bt

BTke] Hfjof] g B/ Kalkhoff 5(1983)9 257}
7 REAH o7 o] E = ol et o] =ee ¥l
(waist/hip ratio, WHR)E 422 0.80]4-2 “daln|gt,
0.7015r8 shAjE|wro 2 E578ka it WHR AHE3 42
g3 2},

WHR=Waist circumference(cm)/Hip circumference
(cm)

(3) 834
FHAARz 199235 u) 2dvlc} 33 AlgEglen o)
| FYFAL Ao mE 04:?":3’“1]'—'”]71] G35 FoAg
& Hgsly ARG AYAAL ol F ol B& A &4
%’-% ] HE= sle] Hh 10"]21' o} FEIEE IR
o FEG g Al 22 oF Tecd] He A
Zu °1W AHe 5 ARty AHTE B 2aEy
ok ojZA 2 YL g wddA dFH o e €3
A& At e z7|38A) T FEAA e B5
22 B EHAAXE Arbesch TR ZASES
A total cholesterol, High Density Lipoprotein-Chol~
esterol(HDL-C), Triglyceride(TG)e]t}. Total choleste~
rol 2 TGE F4¥(Klotzsch & McNnamara 1990) 2.2,
HDL-C2 dextran sulfate-MgCl, HAH.2 2 Hitachi-747
71 93 £4381%5 1 Low Density Lipoprotein-Ch-
olesterol(LDL-C}& Friedwald $(1972)¢] AEE o]
&3t thgat o] FElA T

4 - 798 - 159
LDL~C(mg/dl)=Total cholesterol(mg/dl) - [HDL
- C(mg/al) +TG/5(mg/dl)]

4) AR ==

A &% (sexual maturity rating, SMR)E Tanner
& Mashall(1969) 9] 5TA A& 4<% DA & 740}@1

7359t} Tannerd] 587 AAAEE &7Y 718 &

‘EL_“é'E‘:’r/il (pubic hair stage) &4 1 YE-& o3} o}

19A - Hand AV 2 o} F A= UlA gt
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For B2 E AETEL MEHE}_E(%%%%‘WH@_
AT 1991)9] vERY 1426711] 41E8] L¥Hg E(energy,
water, protein, fat, carbohydrate, fiber, Ca, K, Fe, Na,
vitamin A, retinol, fcarotene, thiamin, riboflavin, nia-
cin, vitamin C)e]lch. UrHE O]QH At BAE
AT 25 106717 HFH EHAEE YHHL, ob)
=%t data base9] 7]5-2}.‘&2-‘5 4‘%%"*-‘5’— E(FEFENH
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224 A5l ol$HAT 2907 ol &8 ARF 4]
A3 9 FHPHE Ase 19928 EFE 1996371X9] B
Zro] o8N T PGSR 7|2d e 1992958 AR
7} ol &HgIY. AAASA, ALY FF 2 4%: 4
=] Fixlold] e AEE t-testh ANOVAE A3}
gom HEle] Feje} Aol HdHR-H ] Ao g A
BT x> testE ol€38dct.

v gke] 279 AbAn|w, ShAlw]eko] kS vl fHa
Q 52 48 EARAL logistic repression anaysis
(Dizon 1983)7} o452 2 918 FEE odds ratio
(MacMahon & Pugh 1970)2 2&#%t), & 284
213 SAS Program® o835t

e W 22} 3139.3kcal®} 2858.6kcalZA #7Q1 HF
(3= oFety] 1995) B} A JebdTh

EElE AF e d1d 24z 418.6g. 386.3g0lit. ¢
23 Adbe 252 5(1994) 7 o1F 5(1994) 9] 2HR
=4 eS8 ohe gy 4T AFFY =
7 391 136.3g, 122.1g0]3ek.

o] ol vEllY T F =] ARG A
3] 1995) olA}& AT QU FEAEY A ¢, AR,
Bi. B, Niacin, Vitamin A, C% 192 aSARL Ty 9l

Table 2. Mean intake of nutrients for the subjects for the three ye-
ars combined, (19924 1994+4-1996)/3

AFAL 2 1

1. AT Y Sy

1) MHYF

1992:d BE] 1996 37HA] o) 2ydnte} 3x1o) 2A A1)
Ago] o vkRAES 9T B0 0|48 A
AEE 1996159 nixlthiTe) g et} Fale]
Ao nixgdze] SAANE HusE o HFdH
U 17A8F HF A2 Table 1904 vrehd Bielzte) vd
Z}2} 171.525.9cm, 158.9+45.2cm= LEREH ol 22
A2 29 g} BF 17419 8= YAt 174 BF
27491 172.0cm, A=} 17419] B 414 160.0cmS} B] 2
& o 3k 9k3ls] 1995) EF 22 Aleisrd.

AL T2 B 17412) Baro] 4 63kg, 54kgel )
B A ae] BF 17418} Bl wsE o) 97 52 g
2}t 61.0+9.5kg, 53.3+8.1kge.® v} @291 1742)
H A3 vl# Fq BT AFe] 7 EE 4 5 Al

meha] B dpdaiate] A3, AFe 2L A6y &
Q) ¥FA| (P Fets] 1995) Bk wglth,

2) 3WAE BH[(1992-+1994+1996)/3)] Y2 HFLE

ZAAre] Aol zAl Vehd idE FF((1992+
1994+4-1996)/3) G AHFH H2 Table 29 22}, Qe 43

Table 1. Mean anthropometric measurements for the subjects, 1996
Male(N=197) Female(N=286)

Variable  Unit t-test
Mean 5D Mean+5D
Height cm 1715459 158.9+52 24.80*
Weight kg 61.0+95 533x843 9.36*
Skinfold mm 132459 21752 -16.77%*
001

. Male(N=197) Female(N=286)
Nutrient t-est
Mean 5D Mean+5D

Energytkcal) 3139.3+1218.2 2858.6:£1210.2 2.50**
Carbohydrate
Nonfiber(g) 418.6+ 1449 386.3x 1429 2.43*
Fiber(g) 91+ 52 8.7+ 53 0.86™
Protein(g) 136.3+ 660 1221+ 68.8 2.26*
Fat
Total(g) 93.6+ 444 839+ 43.0 2.42*
Cholesterol(mg) 79.1+ 36.3 66.2+ 356 3.87%
PUFA(g) 170+ 94 154+ 94 1.79%
SFA(g) 253+ 127 238+ 129 1.26™
MUFA(g) 29.5+ 154 270+ 153 1.77%
n-3 fatty acid(g) 31+ 28 30+ 28 041
n-6 fatty acidlg) 139+ 73  125% 69 217+
n-6/n-3 ratio 60+ 14 56+ 1.0 3.66%**
Mineral
Sodium(mg) 767 6+ 404.6 7374+ 3993 0.81

Potassium(mg) 3687.311985.4 3463.2+2054.0 1.19%

Calcium(mg) 8802+ 4930 831.1+ 4869 1.08%
Phosphorous(mg) 18373+ 841.6 6575+ 8608 2.28™
Iron(mg) 200+ 105 187% 112 1.29%
Vitamin

Thiamin(mg) 18+ 08 16+ 08 166"
Riboflavin(mg) 19+ 10 18+ 1.0 120%
Pyridoxine(mg) 12+ 07 1.2+ 0.8 055
Cobalamin(mg) 46+ 30 44+ 37 058%
Niacin(mg) 2904 195 278+ 213 060
A : Total(LU.) 74844 469.1 7245+ 4254 058
Retinal(ug) 2101+ 2036 1993+ 192.5 059"
Ascorbic acid(mg) 13864 919 1383+ 961 0.03%
C(i/ib?)?y:,::zy)_ 55400 56£00  —1.43™
F;fzte(;? enery) 17400 17401 1.56®
Total fat 25400 25400 044

(% of energy)

*** 1 p<0.001, ** : p<0.01, * : p<0.05, NS : not significant
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AAE T 9= w1891 65: 151 209} vlws] £ of gHE
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o]a ofzke] 74 Aurdo] 40.2% 2 @A} A BT} 2|9}
g Aolg sk gho] B Ao ey}

4) YHYRE

£ dradAe 7lzd=g 19929 JEdsE BY
 Table 40 U vle} 2} ety 1940 &3 &
o] 113902 57.3%, 26 ol4do] 42.7%%ch. W o
St 1Al £8 sHI-2 20.7%0 EAF 79.8%7F
297 olde 2 gxe] AHHEEs) Bl vlE) 7]
WERE ¥ 70w Yehi

sHd] 5(1990)4] AFolAE G5 2247} 30.6%
2 7V Bob B dve) 8 2d e B g3 gl

Tanner & Mashall(1969)9)) £l5td 2+ &8 U7 &
mdtghe] Agde oukA 11.74), 394 12.44], 484 13.0,
S5THA 14,44 olglem Ak 5(1990)9) Aol 28
29AI7F 13.44) ©19e}, B dFatel SR de
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Table 3. Distribution of macronutrient consumption(1992-+ 1994+
1996/3) types for the subjects by sex unit © person(%)

Aé\js;znmu;ixz:t Male Female Total 1
CHO 72( 36.6) 107( 37.4) 179 37.1)
Protein 42( 21.3) 64( 22.4) 106( 21.9) N.S.
Fat 83( 42.1)  115( 40.2)  198( 41.0)
Total 197(100.0)  286(100.0) 483(100.0)

Table 4. Distribution of subjects by sexual maturation stages, 1992
unit = person(%)
2

Sexual maturation Male Female X
1 113( 57.3) 59( 20.7)
2 54( 27.4) 97( 34.1)
3 220 11.7) 88( 30.9) 76,94+
4 7( 3.5) 36( 12.6)
5 10 0.5) 4 1.4)
Total 197(100.0) 284(100.0)
=+ 1 p<0.001

Table 5. Mean serumn components leve| by sex, 1992+ 1994+ 1996/3

unit : mg/d)
Serum Male(N=197) Female(N=286) test
components Mean +SD Mean=+SD
Total cholesterol 152.4+21.6 165.4+245  ~6.01%*
Triglyceride 106.2+42.3 110.1+34.2 -1.07"%
HDL-C 4454 7.7 4761154  —296%
LDL-C 86.7+£18.3 95.6+22.1 — 4.92%#%
HDL-C : high density lipoprotein cholesterol
5) 93yR

B a7ddate] 2rdease of 2deic} 3xtee] 2
Z A E 2] EA{zke] BEk2 Table 5914 el
uie} Zbo] cholesterol 42 WAt 152.4mg/dl, 1=} 165.4
mg/dle] e}, 124 g ke g o e 5(1992)
ATl E Y EF 1TImg/dIZHN & 522 2yl
164 S-S e 3 HAT 5(1992)9 d7dME @
1 22} 143mg/dl, 158mg/dlE B 2] ZA e} v]s=eh
FAE HeFa gl

Resnikow %(1989)2 cholesterold] th3l A e] xjo)
T % oo} a2y wele] Afont diivl fejFez
zko|7k Vbt n, ofrlolAlE T ke EHdME F
Holx gFgtont, dart & g RoFglon, d3d
2 BYE W7 dolrl & A0 2 Heoju} 10~1341014
= F APEzke] Aol7t GlolAtia st Laver & 1988 :
Resnicow % 1989). & dFolx= Fi7te) f2 g 2}e]
E Holn oz} AR} 2o 2ke Bt

2 A7ddel B3 TG 52 9 242k 106.2me/dl,
110.1mg/dle]ATh. W:dk GHF<] 15~1641 F3tal A

re



162 - Aavde] dFd s AAFEA AgEAe ALty FH4

g oz AAg AR 5(1992)9] TG =<1 ¥ Z+
7} 102.0mg/dl, 102.0mg/dlel ¥]3 E2 8 2y

HDL-C T%-2 ¥ g4z} 44 5mg/dl, 47.6mg/dl°] S}
15~1641E dige= A8 A3 5(1992)9 d+2=
A4 ¥ 242} 45 0mg/dl, 49.0mg/dIEHN 2 ATt
9] HDL-C 0] 25 & At LDL-C #5823
1 z+z} 86.7mg/dl, 95.8mg/dlel gt} AZTF $(1992)<]
AFZATN Fd 42} 77.0mg/dl, 93.0mg/dle} ¥l ws) =
Ay B A7) LDL-C FFL =4 ekt

A7) o)) 2olE WPde R F AFola YA
G Ao|7h ARES] 0139 419 ke AA) T2,
ol FHAAXI ZH Aol AAHE AL 452
2] Fake o} PHAge] SR 0T Hole o
2 Wslsly] Wideolgla B us 3 §)tH(Srinivansan 1986).

2. HIY 434 2R

Kalkhoffell 2l z¢ta A)=/4ke] AlZd 292 4
W gke} S| Eto 2 e J1Ee EEs dio] 2
WHOZS F40.2 0.80]42 FAH]ek 0.7¢]81& sy
o 2 FAEy gl

ojgh-L 5ol oslA B A7eidzly vnEey 2

£ 47 B d3E Table 694 Ve ule} 7200] BMI
2501341 k) dzl(469) F 50.0%7) ‘A vte|Hx
6.5%7t StAMIRke 2 AXH oz FAu|to] %2 Ao

Table 6. Distribution of subjects by upper body abesity(UBQO) and
lower body obesity(LBO) based on WHR

Variable Male Female Total v
GOWO.7<WHR<08) 1( 6.3) 19( 63.3) 20( 43.5)
UBOWHR =0.8) 15(93.7)  8( 267) 23( 50.0) 18.812™
LBOWHR <0.7) 0( 0.0) 3(100 3( 65)

Total 16(100.0) 30(100.0) 46(100.0)

WHR : waist/hip ratio
UBQ : upper hody obesity
N5 : not significant

GO : general obesity
LBO : lower body obesity

Vel s 5 HRE oA R £34] g gt bRl
d 2kt 1%} 19% %ok

o|F Ade B AR FR}7t 93.7%, G247t 26.7
%olx stARIThE P2l 0.0%. A} 10.0%2 Yeht @i
BT gAuwhe] g2 Ro2 vEpdt 8 Fd dA S
o2 0|55 5(1996)9] dFdel s WHRY &
7} 0.65~0.79°] 54.4%. 0.80~0.90°] 42.9%, 0.90~1.
200 2.7% % JER} Ao Al shAuite] B Aoz
B3l 9le] £ dydne o g BAF T e
o)= AR NI RS0 GEHA 2= FoZ 7IFdArn

3. Aoy PELt e FR(YA, A4S MY
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FEE AFTe] AvaE AFTel vis] WHRe) #9)
Ho g AN drdEs Bol 4HEFE BHALe &5
o] BolA AAuRle] HE A%E B FAF(1994)]
Aol et Fake] A AxDro] nA T HlE
WHRo] o)A 02 o} At A R w3l 4AS
o] Bolda= e Axrt A FEE By
F1 i}, o|ekgo] B A7AAs} A9 o5 (1994),
17 (1994) 8] QA e} ape)7h = AL 9o FHATE=
A7t 4l d v B ATl A= AQle] ofd A

Table 7. Association between macronutrient consumption types and ohesity types based on distribution of subjects

Sex GO(.7 <WHR<0.8) UBOWHR=0.8) LBOWHR<0.7) Total x
Male CHO 1(100.0) 6( 40.0) 0o 0.0) 7( 43.8)
Protein 0( 0.0) 3( 33.3) o 00) 5( 31.2) 2.875™
Fat 0( 0.0) 4( 26.7) o 0.0 4( 25.0)
Total 1(100.0) 15(100.0) o 0.0) 16(100.0)
Fernale CHO 9( 47.4) 3( 37.5) 2( 66.7) 14( 46.7)
Protein 8( 42.1) 3( 37.5) o 0.0 11( 36.7) 2.921™
Fat 2( 10.5) 2( 25.0) 1( 33.3) 5( 16.6)
Total 19(100.0) 8(100.0) 3(100.0) 30(100.0)

WHR : waisthip ratio
LBO : lower body obesity

GO : general obesity
NS : not significant

UBQ : upper body obesity
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Table 8. Logistic regression coefficient and odds ratio for the upper
body obesity
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=7t 275 ZFEEE odds ratio 10)749] E4E 15
HHEH gate] 29 Aol dAFH 5 gy, AiE, 44
%%, cholesterol, HDL-C, £40]l3 odzte] 2% 4
ol dHHE F UEE, AWy, ARASE, creatinine
o 2 viepyict

atAB|Rte] 9= Table 904 R uhe} Zke] 3}aln)
ghol &g olHE agle] 7| Ao HH -3 et o}
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Table 9. Logistic regression coefficient and odds ratio for the lower
body obesity

Selected  Estimate  Standard  QOdds Selected  Estimated  Standard  Odds
Sex variables  parameter error ratio P-value Sex variables  parameter error ratio P-value
Male Type-P 0.6889 0.6730 1.992 0.3060 Male Type-P 6.6407 284.0 765656 09813
Type-F 0.2921 05265  1.339  0.5791 Type F 136357 2405  999.000 0.9548
SMR2 —-0.0861 0.4743 0.918 0.8560 SMR2 -2.7199 2139 0.066 0.9599
SMR3 -0.9619 0.7549 0.382 0.2026 SMR3 -3.6996 2727 0.025 09892
5MR4 1.7060 1.1805 5.507 0.1484 SMR4 7.9899 438.9 0.025 0.9892
SMR5 -121775 1213.7 0.000 0.9920 SMR5 0 0 0 0
CHOL 0.0016 0.0112 1.002 0.8866 CHOL 0.0475 3.8458 1.049 0.9901
TG -0.0058 0.0060 0.994 0.3326 TG -0.0291 1.6852 0.971 09862
HDL-C 0.0027 0.0289 1.003 0.9259 HDL-C -0.4892 14.0621 0.613 09722
UA 0.3564 0.2155 1.428 0.0982 UA —2.6826 61.0847 0.068 0.9650
CREAT —1.7346 2.7276 0.176 0.5248 CREAT 11.7706 1073.2 999.000 0.9912
Female Type-P 0.7603 0.4771 2.139 0.1110 Female Type-P —-18.0806 47.2366  0.000 0.7019
Type-F 0.2747 0.4378 1.275 0.5793 Type-F 1.9372 41.4457 6.940 0.9627
SMR2 -0.3937 0.4208 0.675 0.3494 SMR2 13.0600 35.2165 999.000 0.7107
SMR3 0.8671 0.4539 2.380 0.0561 SMR3 2.5862 39.7555  13.279  0.9481
SMR4 0.8028 0.5765 2.232 0.1638 SMR4 3.1517 76.8416 23376 0.9673
SMR5 —15.0350 907 .4 0.000 0.9863 SMR5 0 0 0 0
CHOL —-0.0007 0.0072 0.999 0.9243 CHOL 0.0348 1.2017 1.035  0.9769
TG -0.0030 0.0051 0.997 0.5526 TG -0.0969 0.5418 0.908 0.8581
HDL-C —-0.0006 0.0104 0.999 0.9531 HDL-C 0.2557 2.6394 1.291 09228
UA -0.2987 0.2381 0.742 0.2096 UA —2.8885 18.4419 0.056  0.8755
CREAT 0.5282 2.3125 1.696 0.8193 CREAT -11.3815 245.6 0.000 0.9630

SMR : sexual maturity rating

CHOL : cholesterol
TG : triglyceride

HDL-C : high density lipoprotein cholesterol

UA : uric acid
CREAT : creatinine

Type-P : protein consumption type

Type-F : fat consumption type

SMR : sexual maturity rating

CHOL : cholesterol
TG : triglyceride

HDL-C : high density lipoprotein cholesterol

UA : uric acid
CREAT : creatinine

Type-P : protein consumption type

Type-F : fat consumption type
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