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Levels and Factors Affecting Serum Carotenoids Concentrations of
Adults Living in Rural Area of Korea

Ahn, Youn Jhin - Paik, Hee Young

Department of Food and Nutrition, Seoul National University, Seoul, Korea

ABSTRACT

Recent researches suggest that carotenoids are important not only as provitamin A but also for
prevention of chronic diseases. This study was conducted to determine levels and factors
affecting serum levels of lutein+zeaxanthin, B-cryptoxanthin, and B-carotene in 93 adults living
in rural area of Korea. Fasting blood samples were collected and serum carotenoid levels were
measured by HPLC. Dietary intake was estimated by 24 hour recall method and frequency
questionnaire of major food groups. Mean serum concentration of lutein + zeaxanthin was 616.32
nmol/L, B-cryptoxanthin was 857.95nmol/L, and B-carotene was 242.90nmol/L. Serum -
carotene levels in study subjects were very low. Both B-cryptoxanthin and PB-carotene were
negatively correlated with serum triglyceride and positively correlated with total-cholesterol and
LDL-cholesterol. Serum levels of female subjects were significantly higher than males in all
carotenoids. For age groups, subjects in their 30's were shown to have the highest concentration
of all carotenoids. Lutein+zeaxanthin were lowest in subjects in their 40's while B-cryptoxanthin
and f-carotene levels were lowest in subjects in their 60's. The B-carotene levels in non-smokers
were significantly higher than in current-smokers and B-cryptoxanthin levels in non-drinkers were
significanty higher than in drinkers. Lutein+zeaxanthin levels were significantly higher among
subjects consuming more green and yellow vegetables by frequency questionnaire. In conclusion,
serum carotenoids were affected by sex, age, serum lipids, smoking, and alcohol intake. Intake of
vegetables and fruits could affect serum lutein+zeaxanthin level. This data indicates that
compared to other studies, Korean adults in rural arcas have high lutein+ zeaxanthin con-
centrations and low B-carotene concentrations in serum. High lutein+ zeaxanthin levels may be
related to high consumption of vegetables in these subjects. (Korean J Nutrition 30(5) : 489~ 498,
1997)
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Table 1. Characteristics of subjects (Mean+SD)
Male(n=62) Female(n=31) Total(n=93)
Agelyear) 5731+ 12.02 57.35+ 1437 58.32+13.78
BMi(kg/m?*)* 2359+ 242 2511+ 3.81 24.09+ 3.02
Waist Circumference(cm) 84.45+ 5.57 84.35+ 10.66 84.42+ 7.59
Hip Circumference(cm) 95.61+ 427 9739+ 846 96.20+ 6.02
Waist/Hip ratio 0.88+ 0.04 0.87+ 0.06 0.88+ 0.05
Height(cm)* 164.61+ 5.90 152.32+ 6.34 160.52+ 8.38
Weight(kg)* 63.95+ 7.61 58.55+ 11.09 62.15+ 9.22
Smoking status
Non-smoker 17 27 44
Ex-smoker 16 0 16
Current-smoker 29 4 33
Alcohol Intake
None 14 23 37
Occasionally or Daily 48 8 56

Blood analysis
Total cholesterol(mg/dI)*
HDL-cholesterol(mg/dl)
LDL-cholesterol(mg/dl)*
Triglyceride(mg/dl)

162.47 + 26.35
37.03£ 13.62
89.09+ 26.95
181.714+130.96

182.03+ 28.29 168.68128.41

39.13+ 11.60 37.73£12.95
11437+ 27.79 97.52+29.61
142.65+121.94 168.99+28.41

*Mean values are significantly different between two sex groups(p <0.05)
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3) Carotenoids 24

¥4 carotenoids®] A2 Arroyave S99 ule
w2} High Performance Liquid Chromatography
(HP1090 Seriesll, Hewlett Packard)& o] §3}] A=
Sttt ©]312 DR5 Binary solvent delivery system,
Auto injector(25H loop), Diode Array Detector,
System controller?] HPLC ChemStation™ .8 74
HA}k. Columne Waters p-Bondapak C18 stain-
less steel column(30%0.39cm)& AH&8t} HPLCY

o]%’¢2 acetonitrile, dichloromethane, methanol2
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RE A I A FE 0.45mm membrane filterS 314
2 F columnell #4392 &9 flow rate= 1.0ml/
min, detector wavelength= B-carotene2 453nm, lu-
tein+zeaxanthin® B-cryptoxanthin 450nm%th. B-
carotene?} lutein FFE4L Sigma Chemical Co.
(MO, U.S.A)A T893 Bcryptoxanthin® zea-
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TGE <9 A#AAE Koy v FAzY] FHH=r}
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Table 391 2+ carotenoids® =9 W13 carote-
noids® =5 AAEATt. Bcarotene ©] F°70]
ARYA-E thd ez A EA Bcarotene X 39.
8pg/d1(740.28nmol/L)elvt F¥e AelA wEztst
uwaly] Yafl 249 B9 ¥F Bcarotene 46.
88pg/dl(871.96nmol/L) ek u]$- vt& Aoz eyt
t}, 9] 79} vlmal] B Brady 5%¢ Z3e) )
wate] & ) lutein+zeaxanthine oF 287} WA, B-
cryptoxanthin® ¢ 4 THIAE ¥ 202 Yepyto
™, B-carotene2 2312 © YA YERTE Street
Wol Al 2ANMGAAE T} Bl w3 H 44919 carotenoidsE
T2 AWRd 4499 luteintzeaxanthin® 17.5
pg/dl(308nmol/L) 2 ¥ A ¥ AR ET} vt ekt
B-carotene sy =E 20.6pg/d1(383.16nmol/L)E £ 4
FARETY B4 delyth o2 a1 g2 e
e 02 83 sxo Heole a7 i 54544

Table 2. Pearson correlation coefficients of serum carotenoids with serum lipids

Triglyceride” Iﬁgiasterol ?h?)ll_esterol * t}?c; esterol ;::!2 r-;h in Eacnrtyhﬁi):)” -carotene™
Triglyceride™ 1.0000 0.2169* -0.5073%*  -0.3770**  -0.1375 -0.2613* —0.2213*
Total cholesterol 1.0000 0.1039 0.6700%** 0.1034 0.2532* 0.2343*
HD! cholesterol* 1.0000 0.0937 0.1806 0.1521 0.0210
LDL cholesterol 1.0000 0.1752 0.4273**  0.3740%**
Lutein 4 Zeaxanthin 1.0000 0.5912%*  (.4583%**
B-cryptoxanthin® 1.0000 0.6588***
B-carotene™ 1.0000

*<0.05, *p<0.01, ***p<0.0001, *log transformed
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< Brady 5%9 Aol d®= YeElton H®o] 24
A2 oz & A2 A7AY 2o o
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St & A7olA B-carotene? =¥ Bradyd 2
Il Hlsto] Gl = 6 BA YeRtor} ofzlolA]
= o ¥ Jeht H3 83 B-carotened] 57t @
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Table 3. Comparison of serum carotenoids concentration by sex

A QA dR)ete A2 T 4= 9ok

dEE2 Z carotenoidsTES Hlwsle] HiT}
(Table 4). Lutein+zeaxanthin, B-cryptoxanthin,
B-carotene E5 714 A& dF 2N M E v
7} #3t2H lutein+zeaxanthin 40t 714 ot
Al Jebg 3 B-cryptoxanthini} B-carotene-2 60t
A 7P B vehged 9%, LDL-2d 28 80 B
e AART FHolArH(p<0.05). Street ¥ &
TAHANME lutein® EH s=7F 40the} 50uh7}
20~30 B0t =A Yebdel. & Buiatti 529 ¢
A= 2A+9] 40th7}F B-cryptoxanthin®} B-caroteneo]
Ve v 58 Vel 60thel A 7 A Uept
= 295 293 oak= 30920 400 o)A =4
Uit dEle] 2 8343 o7} dpupt o
BotA JehtA ekstet.

FHol Ko W2 A carotenoids® ¥EE Table
Sell A|AJE wukel 2ol A FARA 714 v et
W B-carotened] A ¥ FUA) FA FARR
v} ok 201 = Eskoy} Bcryptoxanthing 84 &4
At il E A Adol Sl A BRe) v SR
= 3A Aol7} Whow luteintzeaxanthin® A$-=
Al 25 25 Aol7h dehdA] gttt o8 A4, 99,
LDL-Z# 2H o] 243 A3} B-caroteneite] {<)
ZQl zfolE Bt} o] AR carotenoids®] ¥E

(nmol/L)

Carotenoids Male(n=62)

Female(n=31) Totalin=93)

572.28+237.63
644.40+401.70
176.264+157.32

Lutein+Zeaxanthin™
B-cryptoxanthin**?
B-carotene**"

704.424+280.18
1285.04+764.39
376.16+223.53

616.321+258.77
857.95+624.27
242.90+204.16

"Mean values are significantly different after adjusting for age and triglyceride(+ : 0.05 <p<0.1).
¥Mean values are significantly different after adjusting for age and LDL-cholestrol(**p <{0.001, ***p <0.0001)

Table 4. Comparison of serum carotenoids concentration by age (nmol/L)
Age <39 40-49 50-59 60 - 69 >70
Carotenoids (n=9) n=13) (n=22) (n=29) (n=20)
Lutein+ Zeaxanthin* 840.0+202.1* 536.7+280.6 670.7 +280.7" 585.9+248.4" 551.7+205.0"
B-cryptoxanthin ! 13357+973.5"  796.24827.2%  788.4+498.5°  739.544750"  922.3+545.4°
B-carotene 364.0+294.1° 258.4+274.9® 241.1+175.8® 178.5+154.5" 273.61:184.1"

"Mean values are significantly different after adjusting for sex and triglyceride(p <0.05)
"Mean values are significantly different after adjusting for sex and LDL-cholesterol(p <0.05)

Table 5. Comparison of serum carotenoids concentration by smoking status

(nmol/L)

Smoking status

Carotenoid
arotenolds None(n:44)

Ex-smoker(n=16) Current-smoker(n=33)

639.14+258.54
1061.97+713.27°
308.68+228.01°

Lutein +zeaxanthin
B-cryptoxanthin*
B-carotene”

646.44+210.51
678.33+288.10°
237.05+162.40™

571.304280.46
673.01+537.81°
158.03+155.61°

"Mean values are significantly different after adjusting for sex. age and LDL-cholesterol(p <0.05)
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2 dA7% =EQAE Al carotencidsE2F EFAA} ¥
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ol ¥ zpol7t ¢

4zt M= BMI quartiledl @2} carotenoids®] &
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).

A Yol BMIL, 8% ¥ ZHzHE 8F T4A
1 HDL—E‘HV‘H]i LDL-Ed 28 &, §ddY, &
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=
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Table 6. Comparison of serum carotenoids concentration
by drinking (nmol/L)

Alcohol intake

Carotenoids None
(n=37)
Lutein+zeaxanthin  660.07 +248.46
1058.48+731.68 725.45+£506.50
290.05+199.46 211.74+202.96
Mean values are significantly different(**p <0.05)
After adjusting for sex, age and triglyceride(LDL-cho-
lesterol), there is no significant difference

Occasionllay or
Daily(n=56)
587.42+263.56

B-cryptoxanthin**
B-carotene

Table 7. Estimated parameter of multiple regression

model
o1} B- ing vpAA] &= Algho A
gout B cryptoxanthin 1A Ferol el Carotenoids Variable Pargmeter P
©2(p<0.05) A JEFa B-carotene FA BRAIA] estimate
e Abgro] Uzh EA ek (0.05<p<0.1), °IA ‘“mh, me ﬁg %g
_ zeaxanthin ge -4, X
o e A _sa) g = 3a Agl 2olA
i——_x 10, o%. LDL aaﬂ—#Eﬂaoﬂ E7b§_ é-"}‘ TI"“]‘] Sex 118.98 0.0319
o]zt vEhA 9sith Forman 5% <8 AAE TG -0.34  0.0942
dzg Mo ME carotenoidsTE ¥ WAl B-caro- B-cryptoxanthin  Intercept 61498  0.0644
tened 238 &Z AN RFAHCR o & Age -7.18  0.1074
22 Jehliglov luteintzeaxanthin® B-crypto- ?r‘;x 603'3} 8‘822;
xanthin® ¢3&% A& F2 Ao 2 5 ‘ ’
- . [B-carotene Intercept 470.14  0.0196
= ‘4"5}"“9}3\‘:} :la%"}‘ ‘]é Cd?_sq' D]E":q lutein+zeax- Sex ~312 0.0285
anthin® #2129l z2}o]& B o B-cryptoxanthin LDL-cholesterol ~ 122.61  0.0101
£ g oAl xjo]E Vel A] Tt Age -4791  0.0401
Scott £ A= BMISH B4 B-carotene®] SMIk' - 1;?? 8832?
mokin . .
ol ARWAS A Aoz dester} B Al -
Table 8. Intake of major nutrients obtained by 24hr recall
Nutrient Male(n=62) Female(n=31) Total(n=93)
Energy (kcaly*** 1806.84+ 577.40 1328.32% 506.63 1647.33+ 596.82
Protein (g)** 67.75+ 46.74 4585+ 25.25 60.45+ 42.00
Fat (g)* 3191+ 2497 21.89+ 16.96 28.57+ 24.47
Carbohydrate  (g) 260.86+ 86.72 22449+ 77.04 248.74+ 84.97
P (mg)** 876.67 + 453.08 653.33+ 326.64 802.22+ 426.74
Vit A (R.E.) 24222+ 311.70 797.33+3580.42 427.26+2076.99
B-carotene (1g) 1246.77 £1367.54 1155.05+1290.61 1216.20£1336.06
Vit C (mg) 46.04+ 2791 55.35+ 57.60 49.14+ 40.22

Mean values are significantly different(*p<0.05, **p <0.01, ***p <0.0001)
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Table 9. Comparison of serum carotenoids concentration by amounts of vegetables intake from 24hr recall survey (nmol/L)
V.erieflz"j <94 94175 175-249.6 >249.6
L8 (n=23) (n=23) (n=21) (n=26)

522.08+166.28"
867.63+518.26
250.57+215.45

Lutein+Zeaxanthin '
B-cryptoxanthin
B-carotene

588.48+263.73"
802.08+623.75
228.02+168.30

623.95+329.27"
849.214645.33
210.95+204.04

713.91+188.01°
789.72+42457
264.784+206.90

"Mean values are significantly different after adjusting for sex, age and triglyceride(p <0.05)

Table 10. Comparison of serum carotenoids concentration by amount of fruits intake from 24hr recall survey

(nmol/L)

Fruit

intake(g) 0

(n=57)

0-120
(n=13)

>120
(n=23)

Lutein+ Zeaxanthin 590.87 £251.93
823.48+628.11

226.16+196.27

B-cryptoxanthin
B-carotene

631.64+222.00
754.17 +409.05
255.341+196.27

670.75+294 .41
1002.03+709.26
277.34+230.39

There is no significant difference among groups

Table 11. Comparison of serum carotenoids concentration by amount of seaweeds intake from 24hr recall survey (nmol/L)

Seaweeds

intake(g) 0

(n=63)

0-6 =6
(n=20) (n=10)

642.62+268.47
932.72+652.76
255.13+£202.27

Lutein+Zeaxanthin
B-cryptoxanthin
f-carotene

535.96+237.13 611.394:223.70
718.63+589.12 665.50+438.52
198.344229.38 254.91+165.91

There is no significant difference among the groups

Table 12. Comparison of serum carotenoids concentrations by nutrient intake quartile of 24hr recall survey (nmol/L)
1st quartile 2nd quartile 3rd quartile 4th quartile
Lutein+zeaxanthin ' Ca 521.774+193.13" 609.86+348.10° 644.65+247.63" 681.40+222.24%

Vit C 746.591+333.646° 59536+ 82.18°  570.53+ 88.41°  659.60+195.64%
B-cryptoxanthin Vit B, 1128.9 £779.0° 717.4 +464.9" 8739 +743.3* 702.1 +359.1°

Niacin ~ 1097.0 +752.4° 7716 +376.9™ 923.1 +£803.2% 641.9 +384.8°
B-carotene Vit E 336.6 +250.0° 2181 £135.2° 219.6 +2453° 2180 +175.7°

"Mean values with same superscript are not significantly different after adjusting for sex, age and triglyceride among the
different frequency group of each food group(p<0.05)

"Mean values with same superscript are not significantly different after adjusting for sex, age and LDL-cholesterol among
the different frequency group of each food group(p <0.05)
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Table 13. Comparison of serum carotenoids concentration by food frequency of intake

B-cryptoxanthin

B-carotene’

941.39+670.59
815.72+620.51
849.18608.20

256.12+167.22
270.63+230.24
198.194£192.26

865.291£600.21
879.88+663.06
794.251628.86

267.821+216.38
229.57+204.17
212.473:177.23

918.151+642.91
847.55+511.61
772.13+807.54

276.491202.46
240.541+203.81
187.73+206.21

Food group Frequency Lutein -+ Zeaxanthin'
Green and >4/wk.(n=23) 718.45+300.51°
yellow 1~3/wk(n=39) 608.40+258.17*
vegetables <1/mo.(n=31) 550.524205.30
Fruits > 4/wk.(n=40) 570.30+239.37"
1~3/wk(n=36) 664.29+254.61°
<1/mo.n=17) 623.044305.03
Seaweeds >4/wk.(n=34) 680.68+266.49
1~3/wk(n=40) 588.65+224.09
1/mo.(n=19) 559.43£300.51

*Mean values with same superscript are not significantly different after adjusting for sex, age and triglyceride among the

different frequency group of each food group(p <0.05)

TMean values with same superscript are not significantly different after adjusting for sex, age and LDL-cholesterol among

the different frequency group of each food group(p <0.05)
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