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ABSTRACT

The serum levels of antioxidant materials (@-carotene, S-carotene, S-cryptoxanthin, lutein, lycopene, a-tocopherol,
7-tocopherol, retinol) of the healthy Korean middle-aged adults (n = 373) were measured and their relationships with
the serum lipids and anthropometric indices were analyzed. The serum levels of S-cryptoxanthin, S-carotene, lutein
were higher than those of lycopene and a-carotene. The levels of all measured carotenoids except lutein were sig-
nificantly higher in females than in males, but retinol level was vice versa. There was a tendency of increase in serum
levels of antioxidant vitamins with increasing age. The serum carotenoid levels had a positive correlation with serum
cholesterol and a negative correlation with serum triglyceride. The serum levels of tocopherols or retinol showed a sig-
nificantly positive relationship with blood cholesterol or triglyceride. In overall, anthropometric indices showed nega-
tive relations with serum carotenoids levels, but vice versa with serum tocopherol or retinol levels. Particularly, S3-caro-
tene and lutein levels showed a significantly negative relation with blood pressure in male subjects. The serum levels of
a-carotene, [-carotene and /S-cryptoxanthin had significantly negative relations with body fat-related indices in female
subjects. The results demonstrated that blood antioxidants levels differed by sex and age, and had significant relations
with blood lipid levels and anthropometric indices. Therefore, the rationale and significance of the relationships need to
be elucidated in the future study related to dietary intakes and life style. (Korean J Nutr 2009; 42(5): 464~473)
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Table 1. Characteristics of the subjects
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g 1l i F AAPAEHE Feis Table 13 2ok 24}
WA= & 3739Wolla AR P 2311 (61.9%),
o2} 14278 (38.1%) 0130tk A8 BEox dAZ o2 40
) 54.4%, 50t 41.0%, 60th 4.6% A3 BHFAHLS A
A0 =2 49.3M01%0 3 Fd 717} 49.8, 48.4HG1T
FARNEARE S AAAS Ao b A HY 7
169.3 + 5.6 cm, 158.8 + 4.6 cm, Fit AFS H4
7} 68.1 + 8.2 kg, 58.8 = 7.4 ke%ith. F+ BMIE= w4
247} 24.0 + 2.5, 23.8 + 297 F- Atolof f-2lF el A}
ol7b §1%laL, WHRE P ZH2F 0.92 + 0.04, 0.84 +
0.05% FAp7F ozt vlg] fFedox o =t (p <
0.001). AAEH&2 Y 7247 21.3 £ 4.0%, 289 +
4.5%% ARPE FAbel| vlE] oA ow o H3%a (p <
0.001) d¢=2 AAA o= Het 57 o] 1222 +
18.4 mmHg, ©]¢7] dgto] 75.6 £ 12.7 mmHgZE AU

1+

N

1+
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Category Male Female Total
Sex 231 (61.9)" 142 (38.1) 373 (100.0)
Age (year) 231 (61.9) 142 (38.1) 373 (100.0)
40-49 119 (51.5) 84 (59.2) 203 ( 54.4)
50-59 99 (42.9) 54 (38.0) 153 ( 41.0)
60—65 13 ( 5.6) 4(28) 17 (4.6
Mean 498 + 6.07* 48.4 + 5.4 493+ 58
Anthrophometric indices 231 (61.9) 142 (38.1) 373 (100.0)
Height (cm) 169.3 + 5.6 158.8 + 4.6 165.0 + 7.6
Weight (kg) 68.1 + 8.2*" 58.8 + 7.4 64.6 + 9.1
BMI 240 + 2.5 23.8 =29 23.9 + 2.7
WHR 0.92 + 0.04** 0.84 + 0.05 0.89 + 0.06
Body fat (%) 21.3 + 40" 28.9 + 4.5 242 + 56
Blood pressure (mmHg)
Systolic 1232 + 18.0" 120.7 = 19.0 122.2 + 18.4
Diastolic 76.1 +13.1% 748 +11.9 75.6 +12.7
Serum lipids 231 (61.9) 142 (38.1) 373 (100.0)
Total cholesterol (mg/dL) 187.5 + 30.8" 189.8 + 32.8 188.4 = 31.6
Triglyceride (mg/dL) 141.5 + 762" 111.7 + 629 130.1 + 72.8
TBA-reactive substance status 184 (63.7) 105 (36.3) 289 (100.0)
Serum (nmol/mL) 2.12 £ 0.61" 2.23 + 0.64 2.16 £ 0.62
Urine (nmol/mmol creatinine) 2.06 £ 0.91* 2.41 = 0.95 2.19 +0.93

1) Number (%), 2) Values are mean £ S.D.

+. indicates significant difference between two groups by Student's t-test (+: p <0.05, **: p<0.001)
NS: Not significantly different between two groups (p <0.05), BMI: body mass index = Weight (kg) /Height (m)2, WHR: waist hip
ratio = waist circumference/hip circumference, TBA: thiobarbituric acid
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Table 2. Comparison of serum carotenoids, tocopherol and retfinol concentrations by age and sex

Male (n = 218) Female (n = 138)
Category 40—49 (yn) 50—59 (yr) Totall 40—49 (yr) 50—59 (yn) Totall

n=119 n =99 n = 231 n =84 n =54 n = 142
a-carotene (pg/dL) 0.57 £ 022"  0.62 +0.27 0.59 + 0.24 0.82 + 0.38 091 £ 0.66* 085+ 0.497T
B-carotene (xg/dL) 253 + 16.1 267 £15.5 259 + 15.8 449 + 28.7 422+21.6 44.1 + 26,61
B-cryptoxanthin (xg/dl)  34.8 + 37.0 33,5+ 22.9 342+ 315 55.7 + 45.1 54.8 + 37.9 55.4 + 42,977
Lutein (xg/dL) 269 +11.2 31.8 + 16.9* 29.0 + 14.2 29.8 +12.4 31.8 + 15.9 30.4 + 13.6
Lycopene ( zg/dL) 6.99 + 5.54 6.94 + 554 697 + 553 1070 + 8.47  12.36 + 9.63 11.2+885
a-tocopherol (mg/D) 0.80 + 0.34 0.84 + 0.35 0.82 + 0.34 0.74 + 0.32 0.95+0.71*  0.80 + 0.48
7-tocopherol (mg/dL) 0.15 + 0.05 0.16 + 0.04 0.15 + 0.05 0.15 + 0.04 0.15 + 0.04 0.15 + 0.04
Retinol (xg/dL) 45.6 + 32.6 498 + 14.6 430 + 26.3 29.9 + 9.79 339 +13.0% 3.1+ 11.0'

1) Values are mean + S.D.

! indicates significant difference between two sex-groups by Student's t-test (*: p<0.05, T p<0.001)
+: indicates significant difference between two age-groups in the same sex by Student’s t-test (x: p <0.05, **: p <0.001)

Table 3. Distribution of the subjects according to nutritional status of serum a-tocopherol and retinol

Deficient Low Adequate
<0.5 0.5-0.7 >0.7
Male 19 ( 8.2%) 79 (34.2%) 133 (57.6%)
a-tocopherol (mg/dL)
Female 22 (15.5%) 46 (32.4%) 74 (52.1%)
Total 41 (11.6%) 125 (33.5%) 207 (55.5%)
<10 10—30 >30
. Male 0 ( 0.0%) 41 (17.7%) 190 (82.3%)
Retinol ( £g/dL)
Female 1(0.7%) 74 (52.1%) 67 (47.2%)
Total 1(0.2%) 115 (30.8%) 257 (68.9%)
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Table 4. Correlation coefficients of serum carotenoids, tocopherol and retinol concentrations with serum lipids

a-tocopherol  y-tocopherol Retinol Total cholesterol Triglyceride

Lycopene

B-carotene B-cryptoxanthin Lutein

a-carotene

a-carotene

0.724**"

B-carotene

0.572**

0.553**

B-cryptoxanthin

0.371%*

0.303""

0.283"*

Lutein

0.680"™" 0.361** 0.175

0.617"*

Lycopene

0.210** 0.138* 0.188** 0.317** 0.227**

a-tocopherol

—0.001 0.169*

0.292**

0.083

—0.088

—0.039

y-tocopherol

—0.111% 0.342"* 0.219™*

0.347**

—0.050

—0.164*

—0.124*

Retinol

0.195™

0.143*

0.137* 0.453"*

0.096 0.66 0.198** 0.189**

Total cholesterol

0.161% 0.266™ 0.334™

—0.095 0.359™*

—0.009

—0.103

—0.245"*

-0.172*

Triglyceride

1) indicates significant correlation between variables by Partial correlation coefficient (+: p <0.05, **: p<0.001)

Adjusted for sex, age
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Table 5. Correlation coefficients of serum carotenoids, tocopherol and retinol concentration with serum and urine TBARS

a-carotene p-carotene  B-cryptoxanthin  Lutein  Lycopene «-tocopherol  y-tocopherol  Retinol
Male
Serum (nmol/mL)  —0.022 0.037 0.177*" 0.146  —0.211% 0.164* 0.012 0.121
Urine (nmol/mmol —0.007 0.037 —0.018 0.028 0.096 0.109 0.108 —0.024
creatinine)
Female
Serum (nmol/mL) 0.134 —0.002 0.252* 0.091 0.080 0.180 0.016 0.115
Urine (nmol/mmol —0.071 —0.059 0.008 —0.013 0.022 -0.027 0.022 0.047
Creatinine)
1) indicates significant correlation between variables by Partial correlation test (x: p <0.05)
Adjusted for sex, age. TBARS: thiobarbituric acid-reactive substances
Table é. Correlation coefficient of serum carotenoids, focopherol and retinol concentration with anthropometric indices
a-carotene  B-carotene  B-cryptoxanthin  Lutein Lycopene a-tocopherol  y-tocopherol Retinol
Male (n = 231)
BMI —0.106 —0.104 —0.013 —0.058 —0.041 0.068 0.132" 0.036
WHR —0.085 —0.052 —0.035 0.001 —0.008 0.129 0.129 0.084
Body fat (%) —-0.110 —0.105 —0.057 —0.034 —0.051 0.119 0.138" 0.100
SBP -0.100 -0.182"" -0.088 -0.135" 0.127 0.013 0.134 0.067
DBP -0.014 -0.142" —0.032 —0.083 —0.102 0.035 0.071 0.084
Female (n = 142)
BMI -0.206" —0.167 -0.212" —0.070 —0.091 0.003 0.139 0.107
WHR -0.298" -0.222* -0.296™ -0.146 -0.131 ~0.004 0.078 0.075
Body fat (%) -0.254" -0.218" -0.246" -0.134 -0.136 -0.010 0.075 0.060
SBP —0.011 —0.149 —0.046 —0.024 —0.011 0.108 0.117 0.240*
DBP -0.203" —0.165 0.059 —0.012 —0.099 0.098 0.093 0.186"

1) indicates significant correlation between variables by Partial correlation test (+: p <0.05, **: p<0.001)

Adjusted for age, total cholesterol

BMI: body mass index = Weight (kg) /Height (m)2, WHR: waist hip ratio = waist circumference/hip circumference, SBP: systolic

blood pressure, DBP: diastolic blood pressure
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E.E carotenoids, & a-carotene, B-carotene, A-cryp-
toxanthin, lycopene?] %7} o7} Wxlel Hls] -2
Aox o A Yekstor olgl fAkst A3k sfe] A
FAT=E BuE v vk = Su] A8 dA5rEA
A7 % sEAA ATk 304 o)) 137t 449 93
HE oz 3 Ao x €= B-carotene, S-cry-
ptoxanthin %7} o427} wxpel] vlsf folFow =3k
™ lutein + zeaxanthin 227} gl A2 RiE
Ak A7st A9l 457 tdoZ g Ko 579 -l
AT 8% carotenoids, & a-carotene, B-carotene, S-
cryptoxanthin, lycopene, lutein E5F oJ&xp7} @xjel H]
F w2 T B AoE UEpth 58] HilEE 25~
59419 A7st A1 AR 1119S ddo2 3 Olme-
dilla 59 Aol EF g-carotene, B-carotene, f-
cryptoxanthin %7} o9&} GAlel w8 X oE =
8kl lutein®} lycopenes Aol wE FoAE Ho|X]
% Ao HAuEHITE ek 20t ool S diido
2 3t Street 579 AFeIM= EH p-carotene FE
oAz} YAloll vl o)A o2 =9k} Iycopene, lutein
< Aol W AfolE HolA] Agith o)) AiEelA
a-carotene, B-carotene, S-cryptoxanthin® € % F&%
E ofAolM o] w2 Ao A Qe AHE Helon
lutein®} lycopene A7l uwhgl A Zjole djgt A3
H A4S 45 7 stk
d3F lutein®] B 5 ¥ dT7lA FY 747 29
rg/dL, 30 pg/dLO1ar, Ko 579 telr ¥ 247}
33 pg/dL, 43 pg/dLelloH Kim 5772 AtelA] oix}
o] B¢ 38 pg/dLE UEh thAZ A4S sh=1e] &

% lutein %% 30~40 pg/dL MUl 3l Aoz 1B
otk A AT1E iAo Z 8 Olmedilla 5779 47
M= ZH2 11 pg/dL, 14 pg/dLolQlar Street 57
Aol P 247t 14 pg/dL, 12 pg/dLE HilH
skatel o] F= [utein w57 AT01E2] EF lutein 5
TR =A YeRgth I o2 vt AFEe] 4
A3 si|e] AMekelel ulsl] AAY O ZA luteino] FH
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s=d 2 dRlel disiAe & = A+
Agd %% Pirst =459 o (Table 2) E3t
carotenoids % lutein®] 40the ®]al] 50
O F #=93 g-tocopherol¥ retinols 50
80 19101} {82 1 2tol= GIsith o7t
73§~ a-carotene, a-tocopherol 128]1 retinol +¢] 40
tell nlsf 50thell A FoA 0 R He 7S KAtk Ahn
3} Paik® 9] @17l A lutein + zeaxanthin, S-carotene,
7 30t olstellN HF wTt M =
okal B-carotene, B-cryptoxanthing 60tiellA 7} vt
Al YJeht A8 F7le] ©E € F carotenoids %9 7
A @do] Hatgl vp 9lovt # A5t e dF &
E7F 40th s} 50thel] =stE o] QlojA & At Ads} v
w&7|7F o Ee}h a2 Buiatti 5172 Aol A B-caro-
tene®} B-cryptoxanthin 0] FA] ¢ 40t~ 7}
2 kA 60tjell A 7P =9kom ofzk= 30t Rt 40t
olitellA A YERL) Street 579 Aol HH lu-
tein, a-tocopherol & 40~50t)7F 20~30thel ®]3f
Aoz Egkom 409} 50T Afolell= oA B
o]x] ¢kgtth Shim £°79) aolA A retinol =&
wAke] 79 30~50thellN dATFES FAN O ot
+ 50th7k 30dhell mlsl frelAow Eokt) Aol A
3 AT Ay T B W AP STl wet kst
A9 "5 ol woke A Holu At o
QA HEPA = 2kt
GoRe] A9 A7 4 9= a-tocopherold re-
tinolel] thall thdxl=2] 83 2 B3 (Table 3)& K
™ g-tocopherol®] 4% AWtA o2 0.5 mg/dL v 4
F FFEOR Bl glom™? 05~0.7 mg/dLE A A3
T, 0.7 mg/dL o} =& A5 A4t AJHE Eok &
AT A=) A 84 a-tocopherolFE7}F 0.5 mg/dL
n|Rko Z A HlER] EC] A AHjel Sl Al dA|A o
2 11.6%%eH o] AgEo] wAtel vl E3kom
A Welell 33%7F AL, A Wlel e AR
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t}. o]+ Bolton-Smith 5] @A} 450S oz &
Ahsh vleRRle] Aol Aslerd AxE vlwdh ATelA F
ZHAHES carotenes 8] AAAAE Holx, T
AAL 5o AAAAE B Arpet AAESITh :LQH

A AV E  B-cryptoxanthin®} S-carotene®] &
ZHAEE, LDL-ZEAEE 722490 &2 daaAE
Holal FAAAI Fo4Q1 &2 AAdAE Ytk
Huzk glo] & A7 A sty gtk o] A=
2HE 8 ¥ carotenoidsE¥ tocopherol, retinol &%
7 FUaEHES $o] WA, S 59 #AE v
A= Ao A QA s glo] 1 el tiaf|A
LTgkow e Aert lvkal 2k

AA ASA gke] FBd 4 (Table 6) M= e @
A A0l FEUAHEI ¢ AHaAE HERE

om® Qe 3y 2Ly LB 52 WAt B3}

=2 o=

A} B4 Az Al Ao 8 = Caroten01d57ﬂ &

Absl BEAEY 5 BMI, WHR, AAWE 9 g3} &
o] AbAS YeRSl D tocopherol® retinol 52 %
o] AdE Btk o] T 53] 941 s B
AL FdolA B-carotened} lutein®] el 2]

, Oﬂ*éoﬂfﬂiﬂ a-carotene, S-carotene, B-cryptoxanthin

1o ox
e
ﬁ
ok

7 AEE BML, WHR, AA%E) 7] &2
A Fu RS A% Bk Scott 9 AT

MI$} 8% B-caroten F2& o AATIAS
Ao By vp Qlo] B oAt @J']'E ‘?l‘?:]'ig;}i o)t
Ii= carotenoids Al Fitst &

rJ
2o
oX
o
HU

b
o

=,



472 /@7 Aks} ekl 24

4 AFOETY fHsiths A A8 AFY TR
AF7F 8 F carotenoidAl A B FEE Zole
HA HekRS oslo R A ofdt AiE YEhl= FoR

F7490.
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= B7FiRA; ol o AL tid A= 40t o] % A%
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