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A Study of Nutrient Intakes and Immune Status

in Korean Young Women by BMI
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Department of Food and Nutrition, Anyang Technical College, Anyang 430-749, Korea
Department of Food and Nutrition** Sook Myung Women's University, Seoul 140-131, Korea

ABSTRACT

This study investigated the correlations among nutrient intakes, and immune status in Korean young women in relation to body
mass index(BMI). Subjects were classified as underweight, normal or overweight, with anthropometric measurements of these three
groups significantly different in rerms of weight, body fat, waist measurement, hip measnrement, waist/hip ratio( WHR), and
skinfold thickness(p<{0.001). Average vitamin A, vitamin B, vitamin B;, calcium and zinc levels were lower than the Korean RDA.
Vitamin A levels were found to be significantly correlated with BMI{p<0.05). There was no significant difference in total T and B
lymphocytes or IgG, IgG, and IgM levels with respect to BMI, but Natural Killer(NK) cell levels were found significantly incrcased
with increased BMI(p <{0.05). BMI was also positively cotrelated with iron intake and negatively correlated with vitamin A intake in
the norma) group. Also, protein intake, vitamin B, intake, and helper T cell levels were positively correlated with BMI in the
overweight group. Based upon this study, further research on nutritional, immune and trace-mineral status of overweight and
underweight young women is required for better health promotion in this female population. (Korean J Nutrition 32(4) : 430~

436, 1999)
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AL Martin¥ ASE71E ALY SS9 AT
S E 2& 2 Aol A Beam balance scale(Conti-
nental scale corp., Chicago, USA)& A5l A &8
278990k, AR gk(body fat content)S A=A &4
7] (Bio-electrical impedence fatness analyzer GIF-891,
Gilwoo Trading Company)& o]-83}e] Z43lg.om 5%
k2 9t Al (triceps skinfold thickness)® Lange
Skinfold Caliper(Cambridge scientific industry, USA)S
ol&3le] FUlo] Adsled 28] 9hE ZAdAY. £F wiF
£ A= EoA S48 HelEde) AR SgEE o
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of AE 7]4 v g B AZEE sk whgo s o)zt
2 9hg-& Yoluy] & FZx2E 2 TxFdye THZT
9 THEZET o} € NK cell?] 5 333t T2y
& s1F3k %9 PBS(phospate buffered saline, pH
7.4)9F Z EFF F vFe] 1.077¢] Ficollhypaque solut-
ion(Pharmacia Co.)& ©]-&8} tha-z} o] Y= o}
g ZAFsI 404 BoE 9F 2394 (DAKO Co.)
2l Leu 4(CD3), Leu 3a(CD4), Leu 2a(CD8), Leu 11b
(CD16, NK—cell) 15 2x10%mie] 2l 50 242+
W 7PHA 4E F 4THA 3073 %Al PBSE 23
A=g ¥ PBSE secondary antibody(goat anti-mouse
Ig FITC, DAKO Co.)E 254] S|4 A|A 50u4] B5561a1, 4
TollA 3027t wjFAIZ T o]Z & PBSE 29 HjEstz 30
% glycerin PBSE 1A A7l ¥, flow-—cytometer(FACS-
can, BectonrDickinson Co., USA)S ©|-&3le] &R6}%i0}.

HAL AL B4 ¥4 BRET 7)5HE 7}
o] X 87} == 84 [gG, IgA, IgM9] &4-& &Asto] 3
7Fetath B gdoA dEF AEE THZT SHA 9}
2L e B3y 44 2228 (DAKO Co.)
2 Leul2(CD19, B—cell) 150E o|f3le] A8 0w,
4 IgG, [gA, IgMe] $3-2 YAl g g4k ve] dalg
o|-&3}o] anti-IgG, anti-IgA, anti-IgMe] $-F9 radi-
al immunoediffusion plate(RID, Nor-partigen, Behri~
ng Co., Germany) 2 A3l Zstqc)

2. N=9 FHAE

29 28 59 Qe EE Aohe SASE A881
T FERAE AEGa, 99y #EY o8 29199
HA= Pearson’s correlation coefficent® FAEs490t.
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1. FEHAYH

TAF AR S AAAZ AL Table 13 2.

HAAEY] Ha G352 2194204018 HFAFL 578
19 4kg, BEAFL 161.4+5 8cmsict. taxlEe] BMI=
AHFTol 18 5kg/m?, H4hrol 21.7kg/m? FHFF a0
26.3kg/m*2 e}

AA g, gy, 4ol =4, WHR, S 454)
T AAAF ABES B ANTT, AT, FAFTY
o= Fo)kA e tHp<0.001).
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Table 1. Anthropometric measurements of subjects

Variable Total(n=109) Underweightin=34) Normal(n=234) Overweight(n=41)
Height(cm) 161.4+5.8" 162.2+6.8 160.9+5.4 161.3+5.1
Weight(kg) 57.8+9.4 48.8+4.2° 56,3 £4.6" 68.9 + p.2uxx*)
BMIkg/m*? 22.1£33 18.5+1.0° 21.7+1.2° 26.341.3%%*
Body fat(%) 23.8+4.1 20.043.0° 242+29° 27.1 43,30+
WAIST(cm) 72.8+9.4 64.6%3.9° 70.1 £4.2° B4.3+ 6 74
HIP{cm) 95.4+8.1 87.9+3.5° 94,0443 104.6 4+ 6.62%*
WHR? 0.7£0.0 0.70.0° 0.7+00° 0.8+0.0%+*
Skinfold thickness(mm) 25.2+7.0 19.243.2° 23.4+40° 33.445.0%**

1) Mean * Standard deviation 2) BMI: body mass index

3) WHR: waist hip ratio

4) Means with different lettersta, b, &) within a row are significantly different from each other at @=0.05 as determined by Duncan's mul-

tiple range test

5) *: Significance at p < 0.05 as determined by ANOVA test according to BMI in subjects
**+ . Sipnificance al p < 0.001 as determined by ANOVA test according to BM! in subjects

Table 2. Mean daily nutrient intakes of subjects

Variable Totain=109) % of RDA? Underweight(n=234) Normal(n=34) Overweight(n=41)
Energy(keal) 1640.74+335.4" 82.1 1643.14+346.5 1610.2+280.9 1676.4+390.9
Protein(g) 68.0+ 243 113.5 66.2+ 182 64.6+ 17.0 741+ 351
Fat(g) 40.2+ 125 4094 153 398+ 110 400+ 11.3
Carbohydrate(g) 2613+ 63.7 258.0+ 62.5 257.1+ 66.0 270.0%+ 63.0
Crude fiber(g) 514+ 29 49+ 20 54+ 34 50+ 3.1
Vitamin A(R.E) 396.9+243.4 56.7 389.5+165.6" 460.41340.6° 324.04137.3°
Vitamin By(mg) 08+ 03 84.0 0.7 03 09+ 03 07+ 03
Vitamin By(mg) 1.0+ 04 90.0 09+ 03 1.1+ 05 09+ 03
Niacin(mg) 132+ 44 101.7 127+ 39 135+ 3.9 13.3% 55
Vitamin Clmg) 61.8% 29.6 112.5 62.1+ 293 64.1+ 295 58.8% 30.9
Calcium(mg) 556.6+198.5 79.5 553.7+169.8 554.64208.3 562.0219.2
Phosphorus(mg) 919.4+464.4 131.4 956.7+734.4 903.4+259.6 902.3+£271.3
Iron(mg) 18.7+ 221 104.8 158+ 10.1 19.0+ 343 151+ 5.6
Zinc(mg) 69+ 1.8 57.7 70+ 17 70+ 20 64+ 15
Capper(mg) 104+ 02 1.1+ 0.2 1.1+ 03 1.0+ 02

1) Mean +standard deviation

2) RDA: recommended dietary allowances for Koreans(6th revision, 1995)

3) Means with different letters(a, b, ¢} within a row are significantly different from each other at ¢=0.05 as determined by Duncan's mul-

tiple range test

WA ES] QEEHTL AAZT(1676.4keal)o] PG B
gka thgo] AHFZ(1643. 1keal) 2= A4 (1610.2kcal)
n} A ETe 4HFol ot R-ZQl AelE Kol
7 &3kt Baecke§ 29 ATNA AAZR] g0 vt @
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whde)] d3AF7) B2 AR T A vlglo] ¥ g B
et
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2l 2ol (p<0.05)2 YENHO] TH|FTo] 324.0 RER
A A5 (389.5RE) % A4 (460.4RE) R} wrgron o]
= 93T 46.2% 5 AHEe Ao Azt vgshe
Aoz eyl o)Ad T ol 4T vewle 3
o =% vlelg Bt viEwl B2 vEhtEd ol gk
T vl e0e] d7et 22 FAAE B
- BE AR By ZEF AF S 553.7~562.088.2
(A7) 79.1~80.3% F&) 3Tt 94 Aol&
HolA] weton 914 AFHEE 902.3~956. Tmeg L2 (HF
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o FoHe ol Holz] FUTh R JAREL
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Table 3. Total and differential white blood cell counts of subjects
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2 8.5mg, AUAY A 6.4mge HFEE Ao YE
won olfd $¥e UdF FEAYE Yhom ¢ 4AF
A 8.4mgg A sh= Aoz veht §39 ofd 43
Fe Y 8~10mgL 2 FHHA U A2 HA 7]5E A
FH o fAE7 FES AT FEHA) el g2
2 49 243 fEE ATEW] A% o]FolH o} shil
o FEAHFY B¢ BAFTEe] 1.0mge 2 A
Img)# ARFF(1.1mg) Bt wigkovt FeJ3Ql zpolE
Holx) gt

2. Mojht s

1) FYEAs A UH o8

A= 9% & W87, UETF HE8Y A Epel
o5 AiaE B4 9 BE8y dEg o] W EFUA AR
B vl & o8 AeE B4 2= Table 37 2t}

Z WEF(WBC)Q 7 370 #2Fel Aol 2y
(p<0.05) FAIFFo] 8.1X10%ell/mm’z 7+ Betor A
o] 6.6X10°ell/mm®, ARFTo] 6.6%10%ell/mm=
vrebgT)

Y Z 7 (lymphocyte) 9t @& (monocyte)® AAMFT
o] 74z} 2.4x10%ell/mm?®, 0.4x 10%ell/mm*E &Y
F9] 36.5%9 6.4%F A st FAATH FATLEY
o) AAJslFe}t, 4 F (Neutrophil) 9 €977 (Baso-
phil & AdFel ZHt 3.5x10%ell/mm*(52.8%). 0.06
10%ell/mm®*(0.8%) 2 AAF7= AAFTEY} FHYL
Toff thgt "l&o) Ehovt AAFA S 2 FeHQl =}
ol HolA| it}

Variable Totalin=109) Underweight{in=234) Normal(n=34) Overweight(n=41)

White blood cell(*10%/mm’) 71+ 217 6.6+2.1% 6.6+ 2.0° 8120

Differential WBC
Lymphocyte(*10°/mm* 254 02 2.4£0.1 23+ 02 29+0.1
(Vo) 36.2+ 94 36.5+9.0 36.0x+109 36.2+79
Monocyte(*10%/mm’) 0.4 00 0400 0.4+ 0.0 0.5+0.0
(%) 63+ 18 6419 62+ 189 64L1.6
Neutrophil(*10*/mm’) 3.7+ 02 3.5+02 3.5% 00 4.2+00
(%) 53.04£105 52.8£99 53.6% 25 524434
Basophil(*10%/mm?) 0.0+ 0.0 00+0.0 004 0.0 0.0x£00
(%) 07+ 05 0.7+0.5 0.8+ 0.5 0.6+0.6
Eosinophil(*10°/mm?) 0.2+ 00 0.3£0.1 0.2+ 02 0.3+0.1
(%) 39+ 441 47+59 33£12

4.0+9.0

1) Mean+standard deviation

2) Means with different letters(a, b, ¢) within a row are significantly different from each other at 0=0.05 as determined by Duncan's mul-

tiple range test

3) *: Significance at p<{0.05 as determined by ANOVA test according to BMI in subjects
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o] TEET 9 TPZTF o}3 2] 429} NK—cell(natural ki-
ller-cell) 9] 8 ZAFSH A= Table 49 o] TH=EY
(CDAESFE AAFTo| 2.06% 10%ells/mm®, B3F
o] 1.74x10%ells/mm®, AAFe] 1.81x 10%ells/mm?
£ JAERL 9loler, TEZY o189 81l T-helper ce-
H(CD4)+ #HAFTel 0.93%10%ells/mm?*(45.2%) %
AT 0.83% 10%ells/mm®(47.7%) 9 AA5T4] 0.86
% 10%ells/mm?®(46.9%) B} @etow T-cytotoxic ce-
(CDYYFE FAFT(0.564% 10%ells/mm?) 0] ARFT
(0.48 % 10°%ells/mm® 3 A7 (0.46 X 10%ells/mm®) EH
o} Zol AX|sP ot HAFA o BE 9311 AolE
Xo|7] gk,

T-helper cell : T-cytotoxic cell®] ¥{CD4 : CD8)&
A7) 1.80, AAFTo] 1.78, BAFT0) 1.699) o=
et o) 5229) Atol g HolR] prgrow, Akre) A
G U S tdez 3 A0 ¢ 1.20, o|A|3* g
1.25 2o} w2 FEE e NK cell(CD16) T
AAFT] 0.19% 10%ells/mm*=Z A FT 0.36x10°
cells/mm’, AAF=T2 021X 10%ells/mm® Bk ¥A
R el &l Aol (p<0.001)8 B3t

3) 9% B9 3233 B

&) Ao Boldle B-EEZTE 29 T ENE &
ol Y = cytokine 5 A=l A& FA71 EA
239 B39 AAS AY F 32

ol

7 RE Y, 49

23179l 84 AT Hol FAE Fulste HE2 diA
A52] BEZF(CD19® BA 1gG. IgA, IgMe) 44
e Table 49 2ot A B olx BRZF7} AA|shk=
B &2 AAFTo] 15.0%(0.36 X 10%ells/mm?) 2 7174 hak
on BA|FTe] 12.5%0.30% 10%ells/mm) E 71 @okn
AAEro] 14.4%(0.35 % 10%ells/mm®E aF=|5tkaL Alfx’iﬁ’-ur
22 zJolE Holx ekttt

IgGe) g-e AAFTTIA 1590.9mg/dlZ 7 BA U
Bt ou AHZEFo] 1619.7mg/dl, Aol 1608.2mg/
dl2 25 A4 JAsEQ 802~1760mg/dl Bkl £
FE gl o %94 Al ze) & ®o|X| 2okt

IgA9] gge AAlFTo] 317.7mg/dl, AAe] 300.9
mg/dl, AR FTe] 299.5meg/dl= Vel ort AAF g4k
91 93~445mg/dl ] ot AN, IgMe oAz
FHAF7-0] 231.3mg/d1Z 7 (243.5mg/d) # AAF 7
(239.9mg/dD B} @A UErd e} At el daeEQ 65~

' 280mg/dl I:H_r]O]-oﬂ ,q o 9] A el ;(]-O]f"—— Ho| 2] gg—gl—t].
9] AYAEE oz TG o] P o

A 8% IgG, 1gA, 1eM 5= 2z} 1627.8:+256.2mg/dl,
314.1+137 1mg/dl, 258.94:81 dmg/d1E Jehl B
A& IgG. [gAshs ARSI [gMeo] 2 ZoE U
Ebytet.

3. MAFAL(BMNS FFL

oy

BMI®} A4 A F 2 A3 ete] A

A= Table 59 2t}

Table 4. Lymphocyte subpopulation, NK cell and immunoglobulinG, A, M levels of subjects

Variable Total (n=109) Underweight (n=34) Normal (n=34) Overweight (n=41)
T lymphocytes(*10°/mm?) 172+ 0.8" 181 09 1.74% 07 206+ 07
(%) 722 = 8.4 740 + 7.3 726 + 58 700 £ 69
T-helper cell CD4(*10%mm? 0.81x 0.5 0.86+ 0.4 083+ 03 093+ 04
(%) 469 + 85 477 + 87 477 £ 97 452 £ 116
T-cytotoxic cellCD8(*10%/mm?) 046+ 0.3 048+ 0.3 046+ 0.2 054+ 04
(%) 266 £ 7.7 267 £ 76 265 £ 9.6 266 + 11.9
CD4 : CD8 ratio 1.7 &+ 1.0 1.78+ 0.8 1.80x 09 169 1.3
Natural Killer-cell(*10*%/mm? 023% 00 0.19+ 0.0 021+ 00 036+ 0.0
(%) 133 £ 73 104 £ 57% 122 £ 65° 17.4 £ 8.5
B lymphocytes(*10°/mm?) 033+ 0.0 036+ 0.0 035+ 00 030+ 00
(%) 140 + 637 150 = 6.2 144 + 58 125 = 69
Immunoglobulin G(mg/d) 1606.4 +223.8 1619.7 £197.8 1608.2 +237.6 15909 +236.8
Immunoglobulin A(mg/dl) 305.6 £114.9 317.7 £1020 3009 +129.1 299.5 +110.8
Immunoglobulin M{mg/dl) 2386 + 71.8 2399 + 71.7 2435 + 78.2 2313 + 640

1) Mean +standard deviation

2) Means with different letters(a, b, ¢) within a row are significantly different from each other at @=0.05 as determined by Duncan's mul-

tiple range test.

3) * : Significance at p < 0.05 as determined by ANOVA test according to BMI in subjects.



Table 5. Correlation coefficients of BMI with nutrients intake and
immune status

BMI
Variable Underweight  Normal  Overweight
(n=34) (n=34) (n=41)
Energy 0.0971 ~0.0604 0.0352
Protein 0.1147 -0.1457 0.4680**
Fat 0.1831 -0.1676 0.1788
Carbohydrates -0.0191 -0.0843 -0.1177
Crude fiber 0.1040 -0.1443 -0.2637
Calcium 0.0174 -0.0282 -0.0572
Phosphorus 0.2054 -0.0728 -0.0314
Iron -0.0976 0.3111* -0.0054
Znic 0.2773 -0.2362 0.1857
Copper 0.1634 -0.1350 0.1364
Vit.A 0.0862 -0.3010* 0.2303
Vit.B, 0.2338 —-0.2602 0.1534
Vit.B, 0.2143 -0.2887 0.3227*
Niacin —-0.0864 -0.1569 -0.2670
Vit.C 0.1468 0.1150 -0.0856
T lymphocytes{CD3) 0.0224 0.2963 -0.2770
T helper cellCD4) -0.0469 -0.1716 0.3223*
T cytotoxic cell(CD8) 0.1066 0.1647 -0.3344*
CD4 : CD8 ratio -0.0994 -0.1992 -0.0200
Natural Killer cell(CD16)  0.1751 0.4284* -0.1278
B lymphocytes(CD19)  —0Q.0636 -0.2963 0.2770
1gG -0.1539 -0.3717 —0.1489
IgA -0.1139 0.0213 —-0.0826
leM -0.1579 -0.2040 -0.1249
WBC 0.3736* 0.3621 0.2741
*p<0.05 *#p<0.01

BMIe} 327 Aoka AF B Aol Aadwtel
BMIg} BE AH #F7bol 93 A9 4#HAA (p<0.05)
g, vE A 3 f9H R A (p<0.05)
= w9l 9 FAFTe A BMIsE waldE A p ]
0.01), BIEIR! B, 43 3(p<0.05)°A4] ZP—} Fe= He
ARBAZ P AAFEA =

Holx ¥3th. RollandsHe BMIQ}
FAAQ FHRAE BustET ks a“h
Ag @xte] P H|tmel At oke] Adad ol A ‘a*z}
9] 7%= BMISF F A FMwt AARAE AT
Axte] A= G, @ud A4 Es, Uelo5elA
R 4AAAE B on, Jugs ez drd A%
Z 590l BMIgH vl g BE A2 o7
A ABHAAE B E At o2 232 YEd

BMI¢} Heide)ete) Aaadold AAZFTEE WBC(pL
0.05)7F, A2 NK cell(p<0.05)0], #AFTL T-

W EREEIE 32(4): 430-436, 1999/435

helper cell(p<0.05)°] 2z BMI<}F #2149 A9 43
#AE Ron, AAFTY F¢dE Tcytotoxic cell(p
<0.05) 7} f-J 2l F-of JAAAE Lyt

d4E

]
29

Qe AFshs A7 42 A4 1098
Q%ZIT(BMIM] et AA ST, BT, A
o ol 59 AMAAF, degx HFEH &

e ote] Jrl'ei g ARE A9+ ogT 2o
1) AAASHE s A3 B d8E-2 21.922.04
o HiAFE 57.8+9.4kg, HoAlFS 161.415.8cm
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