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Abstract

The present study was aimed at investigating whether there are sex-related differences in serum levels of lipids,
retinol, e—tocopherol and ascorbic acid in Korean adults. Serum levels of antioxidant vitamins and lipids were
determined along with anthrepometric measurements in 53 healthy male subjects with mean age 42.7112.2 years
and 44 female subjects with mean age 46.7%+10.3 years, from Taegu in Korea. BMI and W/H ratio of the men were
22661247, 0.8810.04 and those of the wemen were 23.3613.44, 0.84-0.05 respectively. Systolic and diastolic bicod
pressures were 121.67 5148, 7193112 4 in the men and 123.1 X175, 78.8110.9 in the women respectively. Average serum
levels of total cholesterol, LDL- and HDL -cholesterol and triglyceride were 16581364, 1026+31.2, 4111105,
and 110.2*+57.8 mg/dl in the men and 169.1:+39.1, 113.7%36.2, 38.1 £ 8.6, and 85.21:37.7 mg/dl in the women respec—
tively. Thirteen percent of men and thirtyeight percent of women had LDL-cholesterol over 130 mg/dl. Serum
levels of retinol, a~tocopherol, and ascorbic acid were 43.25°15.51, 17.93+7.07, 115.24 163,25 ng/dl in the men and
318011539, 1741612, and 1449918987 ug/dl in the women respectively. Serum vitamin E showed positive
correlations with total cholesterol and LDIL.—cholesterol and triglyceride.
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INTRODUCTION

Short-and/or long-term disturbance of pro-/antioxidant
halance resulting in adverse effects is either due to impaired
antioxidation or to favored prooxidation: (1), Prooxidant factors
are all those contributing to an increased formation of free rad-
icals or other reactive oxygen compounds, Both cellular mech-
anisms {defects in mitochondrial respiration, specific enzymes}
and exogenous factors (smoking with inhalation, drugs) may
contribute to this, The main aim in achieving oxidative balance
Is to reduce the prooxidant factors, especially smoking, and the
secondary aim is appropriate intake of antioxidants, Antioxidant
factors are on the one hand, endogenous protective systems
such as enzymes, specific proteins and thicls such as glutathione
and, on the cther hand, exogenous substances taken into the
body (vitamins E and C, carotenoids, flavonoids, polyphenols
and possibly other dietary constituents, and others) and which
reduce the effect of prooxidant factors. Whereas the activity
of endogenous antioxidant factors (for example enzymes) can
be aitered only to a limited extent, the activity of exogenous
anfioxidant systems depends largely on Intake.

Both systems ensure the individually necessary protection
from oxidative stress. A large number of epidemiclogical studies
(2~8) has shown that high consumption of fruit and vegetables
is assoctated with a lower risk of cancer and cardiovascular
diseases. There is at present no causal explanation for this
epidemiclogical finding. However, it Is likely that an important
part is playved by the high content of antioxidant nutrients in
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many plant-derived foods, especially vitaming C and E, and
the carotenoids. Many questions about the mechanism of
action and, in particular, the optimal intake of antioxidant
nutrients have yet to be answered,

A large number of studies have shown that antioxidant vita-
mins are ahle in appropriate concentrations to reduce oxi-
dative damage (3,9). In vitro studies have shown both a divect
diminution in oxidative damage to membranes or subcellular
and extracellular compartments, for example lipoproteins (107,
and prevention of secondary effects induced by oxidative
change, such as disturbances of cell functions and membrane
permeability, and mutagenic effects.

Antioxidant substances reduce the level of oxidative stress.
In this way they help to maintain physiclogical functions of
cells. The modes of action of the antioxidant substances are
many and various and have not vet been entirely clarified. Al-
though specific mechanisms of action are known for each of
the antioxidant nutrients and dietary constituents, their com-
plex interaction is ensured only when they are consumed to-
gether in the appropriate ratio, Further research is urgently
needed to explain the wide variety of effects and interactions
of antioxidant vitamins with one another and with other die-
tary constituents.

Plasma concenirations which are regarded as a measure of
primary prevention in healthy adults essentially presuppose
adequate intake, which should to be possible to achieve by
diet.

There is a relation between high plasma levels and lower
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morbidity for coronary heart disease and certain neoplastic
disorders. It can be assumed that plasma concentration suf-
ficiently reflect the individual status necessary to prevent these
disorders: plasma levels 25 o 30 percent below the threshold
levels for prevention are associated with a statistical doubling
of the risk (3-9).

Currently, the plasma concentrations are mainly used as
an indicator of increased risk of disease. However, indicators
of a disease-specific oxidative imbalance have vet to be es~
tablished.

When assessing the intake of vitamin E, it must also be taken
into account that determination of the plasma levels by chro-
matographic methods can show marked differences between
lahoratories. An additional factor is that the required lipid cor-
rection (relation of vitamin E to plasma lipids or cholesterol)
is often not carried out. Further studies are therefore neces-
sary to determine the distribution of plasma levels in the popu-
lation with adequate reliability in order to establish the relation
to the intake of vitamin E with greater accuracy.

Statements about the intake necessary to reach the pre-
ventive plasma level apply to the majority of healthy adults who
are not subject to special oxidative stress (nonsmokers) up to
65 years of age. This can be achieved by a specific diet. There
are groups with increased requirements {(people with greater
stress, smokers, pregnant women, and nursing mothers).

The present study was aimed to investigate whether there
are sex-related differences in serum levels of lipids, retinol,
a-tocopherol and ascorbic acid in Korean adults and if the
differences are held even after adjustment for serum lipid.

MATERIALS AND METHODS

All blood specimens were obtained from blood donors from
biannual health examinations held in Kyemyung University
Hospital from April 22 to June 23, 1997 Questionnaires on gen-
eral characteristics of the subjects were provided during the
examination. Fasting blood was withdrawn and serurn was
prepared by centrifugation of blood at 3,000 rpm for 10 minutes
and kept frozen at -70°C untii analysis.

Serum total cholesterol was determined spectrophotometri—
cally by the enzymatic method (11} using a kit (Asan, Kerea).
The HDIL fraction was separated using the heparin-MnCly
precipitation method (12), and serum total and HDIL-cholesterol
were measured using the Asan-set cholestero] kit and serum
triglvceride using the Alan-set triglyceride kit.

Retino! and o-tocopherol were determined simultanecusly
by high pressure iquid chromatography according to the meth-
od of Bieri at el. {13). A total lipid extract from 0.1 mt serum
containing nternal standards of a-tocopheryl acetate and retinyl
acetate was injected into a micro-Bondpack Cis column (Wa-
ters) developed with methanol-water (97 : 3). Vitamins were
detected at UV 292 nm.

Measurements of retinol, c—tocopherol, and ascorbic acid
were done using an extraction from plasma samples. Methods

used were modified from several references,

The retinol standard, retiny! acetaie as intemal standard, and
a-tocopherol standard were dissolved in ethanol.

For retinol and a-tocopherol, standard curves were gen-
erated from the quantity of compounds vs. the peak height
ratio using the internal standard, retinyl acetate.

Samples were extracted from serum using absaolute ethanol
and petroleum ether. The absolute ethanol contained ascorbic
acid as an antioxidant, and retinyl acetate was used as the
internal standard for retinol and a-tocopherol. The samples
were shaken and centrifuged, after the addition of extractant.
A sample of the petroleum ether layer was measured, dried
and stored under nitrogen.

The residue was dissolved in ethanol before injection into
HPLC. A portion of each sample was used first, for the meas—
urement of retinol and a-tocopherol; the remaining portion, for
the measurement of ascorhic acid,

A Perkin-FElmer HPLC system was used for the first and
second steps. The system consisted of a Perkin-Elmer series
3B solvent delivery system, an injector, a stainless steel 3.9
mm X 30 cm micron particle size, a Perkin-Elmer LC75 Spec-
trometer detector and a Perkin-Elmer 023 chart recorder.

For the measurements of retinol and 6-tocopherol, a portion
of the samples were imjected into the HPLC system using a
Hamilton syringe and then monitored at a wave length of 290
nm using methanocl as a eluant. The height of each peak iden-
tification was confirmed by comparing plasma peak retention
times to those of known standards. To calculate the concen-
tration of unknown samples, peak height ratio with the internal
standards were applied for each standard curve for retinol and
d-tocopherol.

Participants completed a questionnaire about general charac—
teristics, smoking, drinking, exercise, stress, food habit and
nutrient intakes. Cigarette smoking and alcohol drinking habits
of the subjects were divided into number of cigarettes smoked
per day and frequency of drinking per week. Degree of exer-
cise and stress were divided into three exercise groups (no,
light, regular) and five groups of stress (no, light , moderate,
severe, and very severe). Anthropometric measurements were
carried out measuring weight, height, waist/hip ratio, and
triceps skinfold thickness.

All data were entered and stored with the Data Base Man-
agement System. The Statistical Package for Social Science
(SPSS) was utilized for analysis. For the first step of analysis,
frequencies of all variables were computed. All outliers, coding
errors and missing values were checked from frequency tables.
Several random records were printed and checked against orig~
inal data.

Two hasic statistical methods were used, First, the group
comparison and second, examination of different correlation
coefficients, were used. The group comparisons were used for
comparison among different groups. To examine relationships
between the various groups, correlation coefficients were exX-
amined.



Group comparisons were done using the Student t-test, and
analysis of variance (ANOVA). The Student t-test was used
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Table 2. General characteristics of the subjects

Male Female
to test for differences in mean between two groups. The 2% (N=53) % (N=44)
results reported as significant were based on a probahility less Smoking (cigarettes/day)
than 0.05. No 30621 93.2(41) 42231 658
Pearson’s correlation coefficients were computed to exam- <10 189(10)  68Q) L 5am
o S " 10~19 22,6 (12) 0
ine relations between anthropometric variables, lipid measure- =90 189 (10) 0
ments, dietary intake level, and other variables and serum — -
level of retinol, a-tocopherol, and ascorbic acid Drinking (times/week)
' Pherol, CIe. No 02U8) 82U 5 0o
1~2 2107 45 A
RESULTS AND DISCUSSION 3~4 26404 230 '
z5 1136 0
Table 1 shows anthropometric measurements of all subjects. Exercise
Mean age of the men was 42.7 years and that of the women No 566 (30) BAB(2D)  x%=3247
was 46.7 years. BMI and percent of bedy fat in men and in Light 3217 409 518) P=0.158
women were 22.6, 15.3% and 23.4, 22.6% respectively. Table Regular 11346 230
2 shows general characteristics of the subjects. The status Stress
f cigarette smoking, aleoho! drinking and degree of stress No L3¢ 234 ;
ot Cigaretie g, acol ¢ and deg Light 76{4)  636(28) x%=38.208
were significantly higher in males than in females. Table 3 Moderate 358(19)  227(10) P=0000
shows blood pressure, body mass index, W/H ratio and % of Severe 415(22) 114
fat of the subjects. 4826 of men and 37% of women showed Very severe 132{7) 0

BMI over 20. 7.5% of men showed W/H ratio over 0,95, which
correlates with high risk for atherosclerosis. The mean levels
of lipid for men and women are summarized in Table 4. In
men, mean levels of total cholesterol (TC), LDL-cholesterol,
HDL~cholestercl and triglyceride (TG) were 165.81364, 1026
%312, 4112105, 11024578 me/dl respeciively. Tn women,
TC, LDL, HDL and TG were 1681 £39.1, 113.7+£36.2, 38.1+
8.6, 8.2+37.7 mg/dl respectively.

Mean serum triglyceride of men was significantly higher
than that of women.

In Table 4, serum cholesterol and triglyceride levels of the

Table 1. Anthropometric indices of the subjects

Variables Male {N=53) Female (N=44) P-value
Age (years) 427122 46.7:£10.3 0,085
Height {cm) 18831 58 1563+ 50 0.000
Weight (kg) #5.0% 84 57.2% 95 0000
SBP (mmHg) 12175148  1231%175 0.659
DBP (mmHg) 78.3+12.4 78.8+109 0.819
BMI (kg/m) 226+ 25 234+ 34 0.250

% of fat 153% 41 26T 54 0.050
W/H ratio 08+ 00 08L 0.1 0.000

SBP: Systolic Blocd Pressure, DBP: Diastolic Blood Pressure, BI\/ﬂ-'m
Body Mass Index, W/H ratio. "Waist/Hip ratio

subjects are presented according to the risk group for ath~
erosclerosis (14). 859% of men and 73% of women were notmal;
serum TC level below 200 mg/di.

When comparing LDL-cholesterol level, 6% of men and
11% of women were in the high risk group, LDL level over
160 mg/dl. Serum triglyceride level in 11% of men were in
the high risk group.

As for the protective role of HDI. to atherosclerosis, several
lines of evidence have suggested a role of HDL in the protec-
tion of LDL against oxidative modification. LCAT reaction can
be inhibited by the presence of oxidized LDL in plasma, which
inpairs HDL-mediated reverse cholesterol transport (15). HDL
also has been shown to be an effective scavenger of super-
oxide in vitro (16), possibly indicating a direct effect of HDL
as a reactive oxygen scavenger. Recent experimental evidence
suggesis that products of LDL oxidation can transfer from
mirimally oxidized LDL to HDL (17,18). Thus, it has been pro-
posed that by accepting and transporting such oxidation pro-
duct, HDL may protect against some of the atherogenic effects
of oxidized LDL. Other workers have reported that HDL is the
principal carrier of lipid hydroperoxides, and oxidized choles-

Table 3. Body mass index, waist/hip ratios and % of fat of the subjects 9% (N)
<20 20~25 25~30 30>
Body mass index M 11.3% (6) M 67.8% (36) M 208% (1D) M 0
F 159% (7 F  5538% (25) T 25.0% (11) F 23% (1
<0.88 3.89~0.94 095>
Waist/Hip ratio M 585% (31 M 34.0% (18) M 75% {4)
F 818% (36) FoIB2% (8 F O
<8 9~15 1619 20~23 24~29
% of fat M 3.8% (20) M 47.1% (25) M 34.0% (18) M 152% () M 19% (D
F 23% (1) F 23% (1 F 227% (10) F 31.8% (14) F 40.9% (18)
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Table 4. Serum cholesterol and triglyceride levels of the subjects

<200 200~239 =240

o ol Mg 601 2 38)
F o2 1650 123)

=40 3530 3
HDL(’I;Z‘}S‘;?H"I M5 @72 1108 17 (G2.1)
F 18 (409 120273 14 (318)

<130 130~ 159 > 160

LDL(;‘;(}?SM’I M 46 (36.8) 4(75) 367
F 30 (682) 9 (205) 5 (11.4)

S <160 160~ 209 2210
(fn;jgl") M 45 (84.9) 2 (38) 6 (11.2)
F 4l (B2) 3 (68) 0

USubjects number (%)

teryl esters in plasma HDL are taken up to a greater extent
by liver cells than unoxidized cholesteryl esters (19}.

In Téable 5, mean serum retinol, t—tocopherol and ascorhic
acid for men and women are presented. In men, mean serum
retinol, a-tocopheral and ascorbic acid were 43.25+15.51 ug/dl,
17.93L£7.07 ng/ml, 115.2+63.2 ng/ml respectively. In women,
mean serumn retinol, a-tocopherol and ascorbic acid were 31.80
1539 ng/dl, 17.41 2612 ug/ml, 144.99E89.87 ng/dl

There is increasing evidence that initiation of atheroscle-
rosis is related fo lipid peroxidation and oxidative modifi-
cation of LDL (20-23). The propagated oxidation process in-
cludes hreakdown of essential memberane lipids, and peroxi-
dation of unsaturated fatty acids derived from trigiycerides,
phospholipids and cholesterol in lipoproteins (23). The resis—
tance of lipoproteins to oxidations is partly determined by their
content of antioxidants. Alpha-tocopherol is the most active

Table 5. Biochemical measurements of the subjects
Male (N=53}  Female (N=44) P-value

16910+39.10 0671
11370£36.20 0109

Variables

Total cholesterol (mg/dl} 165.80136.40
HDL-cholesterc! (mg/di} 102603120

LDL-cholesterol {mg/d) ~ 41.10%1050  3810% 880 0145
Triglyceride (mg/di) 110205780 85203770 0016
Atherogenic index 315% 118 339+ 138 0088
Vitamin A (ng/dh) 432541551 31801539 G000
Vitamin E (ug/mi) 17835 707 1741+ 612 0704
Vitamin C (pg/iml) 115246325  14499+2087 0059

Values are mean:SD,

compound of vitamin E (24). Plasma level of vitamin E is the
strongest predictive factor for cross-cultural mortality from
ischemic heart disease among all essentia} antioxidants, in-
cluding vitamin A, C, E, carotenoid and selenium {25). Vitamin
E also is the major anticxidant in LDL and is among the first
antioxidant to be consumed during LDL~oxidation (26,27).

Serum retinol concentrations of women were significantly
lower than that of men (31.8 vs 43.3 ng/dl). Serum a-tocopherol
concentration did not differ between men and women (17.9 vs
17.4 pg/ml), Serum vitamin A concentrations =30 bg/dl are con~
sidered indicative of adequate vitamin A status in the US
population (28}, Serum retinol levels reflect vitamin A status
only when liver vitamin A stores are severely depleted (below
20 ug/g liver) or excessively high {above 300 lg/g liver). When
liver vitamin A concentrations are between these limits, serum
retinol concentrations are homeostatically controlled and remain
relatively constant.

Mean serum ascorbic acid level of women were slightly
higher than that of men (144.8 vs 115.2 ge/dl). According to the
work of Stryker et al. (29) men had 1994 higher plasma retinol
level than wornen. Higher levels of lipid-adjusted serum vita-
min A in males than females and higher levels of serum car-
otene in females than in males have been reported in a study
done by Comstock et al. (30). On the other hand, Herbeth
et al. (31) reported that sex differences in serum levels of vita-
min A and E became insignificant after adjustment for alcchol
and cigarette smoking, We did not find significant differ-
ences in serum vitamin A, a-tocophero} and ascorbic acid
between smokers and nonsmokers. We did not find signifi-
cant differences in serum vitamin A, a-tocopherol and ascor-
hic acid among the drinking groups (Table 6, Table 7). Choi
et al. (32) noticed that a—tocophercl adjusted for triglvceride
was lower in heavy smokers than in moderate smokers, and
a-tocopherol was higher in subjects who drank more than 5
times per week {32). Stryker et al {29) noticed that plasma
a-tocopherol was positively associated with daily alcohel in-
take in women but not in men. The findings on the relationship
between smoking and serum levels of antiogidant vitamins have
not always been consistent (33). Serum ascorbic acid concen-
trations are the most frequently used and practical index of
vitamin C status in humans. Levels are influenced by any re-

Table 6. Comparison of the results according to smoking habits in the subjects

Smoking

(cigarettes/ T-chol HDL-chol LDL-chol Al TG sVtA sVtE sViC SBP DBP sVIE/TC sViE/TG
day) (mg/dl)  (mg/dll  (mg/dl (mg/d)  (ug/d (mg/L) (g (moHg)  (mmHgd (98 {%)
Male
<1001y 166.93 3957 10503 3.28 11123 4357 18.25 12343 12171 79.26 0.11 0.19
4153 x1031 13417  *131 £5692 X1592 X782 6415 F1827 k1421 X006 009
>10(22) 16421 4315 8823 297 10881 42.80 ;?.48 103.71 12155 7341 011 (.18
T2RA0 FI0BR X202 094 6033 K£i528 X602 F61AT X1294 4071 +003 =006

P-value 0792 0.226 0510 0.347 0.832

0.859 0.700 0.267 0977 0,966 0.664 0.621

"Nurnbers of cigarettes smoked (Numbers of subjects)

T-chol: total cholesterol, HDL~chol: HD.~cholesterol, LDL-chol: LI -cholesterol, AL atherogenic index, sVtA: serum vitamin A, sVIE! serum
vitamin E, sVtC: serum vitamin C, SBF: systolic blood pressure, DBP: diastolic blood pressure, sVtE/TC: serum vitamin E/total cholestero],

sVIE/TG: serum vitamin F/triglyceride
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Table 7. Comparison of the results according to drinking habits in the subjects

Drinking T-chol HDI.-chol LDL-chol Al TG sVtA sVtE sViC
(Numbers/week) (ml/dl) (ml/dl} (ml/dl) (ml/dn (ng/dh) (mg/L) (hg/dl}
Male
No (16) 150692664 3796% 999  G35512255 3.10+1.15 955015619 386611544 17114921 134057251
I~2017 176644098 440211001 1101953779 297+120 111 73442 441911587 1809+534 107264393
3~4(14) 1600713447  4081% 940 1032713023 333—133 1245777484 478811672 18597764 125817385
=5(6) 1677354521 41501340 10538543434 3151090 1116587521 424541083  17.97+4.42 63.07+23.55
Pevalue 0225 0.442 0.512 0.873 0.602 0.463 0.950 0101

”Frequency of drinking/wesk (Numbers of subjects)

T-chol: total cholesterol, ITDL-chol: HDL -cholesterol, LDI.—chol: 1.DL-cholesterol, AL atherogenic index, sVtA: serum vitamin A, sViE

serum vitamin E, sVtC: serum vitamin C

cent intake of the vitamin, especially when intakes are high,
making fasting blood samples essential. Serum ascorbic acid
concentrations increase with dietary intakes until a serum
concentration of approximatety 1.4 mg/dl is reached, hut serum
concentrations rarely exceed this threshold concentration of
1.4 mg/d! despite very large doses, because the renal clearance
of the vitamin rises sharply with daily intakes greater than
100 mg. In the present study, serum level of ascorbic acid in
males was lower than that of Choi el al.'s study (33),

An important aspect of biochernical assessment of popula-
tions is the establishment of reference intervals for the vitamins,
Because of the lack of a standardized methodology, it 1s not
surprising that there has been some disagreement in regard
to normal values. It is easy to overlook the fact that reference
intervals not only are dependent on the metholology chosen
but are also influenced by preanalytical as well as analytical
sources of variation, Preanalyvtical sources of variation evolve
from secular, clinfcal, and intrinsic differences within the pop-
ulation being examined and from blood sample collection and
handling techniques. Analytical sources of error relate primar-
ily to the accuracy and the precision performance of the lab-
oratory.

Secular sources of variation result from differences in life -
style and dietary practices within the study population, such
ag aleohol consumption, smoking habits, and physical activity,
Clinical sources of variation include those resulting from use
of medications by subjects and from metabolic states altered
by acute or chronie illness,

Blood sampling and handling techniques, such as posture
during sample collection, differences in capillary -venous
samples, use of anticoagulants, and fasting state of subjects,
all should be controlled as much as possible to reduce variation
from these soures. Sample storage conditions also must be care -
fully monitored if analyses are delayed for any period of time.

Finally, analytical sources of varigtion depend on the accu-
racy and precision performance of the laboratory. Poor accu
racy and precision may result from the absence of an accept-
able quality-assurance program. Cne factor affecting analytical
error is the nature of the substance being analyzed. For ex-
ample, if serum ascorbic acid levels are to be measured by
the dichlorophenolindophenol method, the sample must be
treated scon after collection. Ascorbic acid is very labile and

is separated from whole blood. If the plasma is not treated
within 10 min with m-phosphoric acid, the results obtained
will be biased on the low side. It is also imperative that in-
dividuals be in a fasting state { =12 h) in order for serum ascor—
bic acid levels to be free of influence from recent intakes of
vitamin C. After a meal containing ascorbic acid, blood levels
of ascorbic acid peak at ~3h and can rersain elevated <12
h before returning to a steady—state level (24). If this tendency
is not realized, values from analyses may be spuriously high
and, therefore, misleading.

The total of these preanalytical and analvtical sources of
variation accounts for the range of lahoratory results ohserved
in any population study (35).

Vitamin supplementation is another important factor af-
fecting serurm vitamin levels (38). Unfortunately, we do not have
reliable information on vitamin supplementation. Therefore, fur-
ther study should be carried on serum levels of antioxidant vita—
mins including vitamin supplementation and lifestyles, But we
should know that an Increase in the antioxidant vitanin intake
cannot, however, compensate for unhealthy lifestyles. More—
over, an increase in the intake of antioxidants is worthwhile
only if the axidative balance cannot be restored in spite of reduc—
ing prooxidant factors.

Table 8 shows overall associations of retinol and a-tacoph-
erol with total cholesterol, LDL-cholesterol and triglyceride.
a-tocophero] was positively correlated with total cholesterol
both in males and females. Retingl was positively correlated
with triglyceride both in males and females. a-Tocopherol
in males was positivelv correlated with LDL-tocopherol. a~
Tocopherol in females was positively correlated with trigly-

Tabie 8. Correlations of serum retinel and G&-tocopherol by serum
total chelesterol and triglyeeride

Male Female
Retinol a-Tocopherol  Retinol a-Tocopherol
Total-cholesterol 0200 0411 ~0.072 0.303"
LDL~cholesterol  -0.032 0273 -0.194 0.238%
Triglyceride 0.530™ 08237 0.575" 0.442"
Vt. E/'TC 04068™ Q783" 0.326" 0.762"
Vi BTG =177 0.151 ~0.252 0.327

<005, “p<0.01
TC: total cholesterol, TG: triglyceride



A Study on the Status of Antioxidant Vitamins and Serum Lipids in Korean Adults 67

ceride. In this study we found a strong correlation: of serum
retinol and a-tocopherol with triglyceride in men and women
{(p<0.01).

As shown In: Table 9, cholesteroi-adjusted levels of retinol
{0.27 vs 0.2 ng/ml, p<0.01) were significantly higher in males
than in females. Triglyceride-adjusted level of a-tocopherol
(1870 vs 2318 ng/ml, p<0.05) were significantly higher in
females than in males. Total lipid-adjusted level of retinol
(82,19 vs 5464 ng/ml, p<0.01) were significantly higher in
males than in females.

Table 10 and 11 show the correlation coefficients in male
and female subjects. As shown in Table 10 and 11, the status

Table 9. Sex-related differences in serum retinol and a-tocopherol
without and with adjustment for the level of serum total cho-
lesterol

Male Female P-value

Unadjusted levels

Retinol 43251551 3180+1539 G000

a-Tocopherol 1793 707 1741% 612 0704
Cholesterol-adjusted levels

Retinol/TC 027 011 02 £ 012 0005

a-Tocopheral/TC 1098E 417 1061+ 376 0652
Trigivceride-adjusted levels

Retinol/TG 046% 022 041+ 018 0212

a~Tocopherol/ TG I87 £ 799 231811008 0016
Total lipid-adjusted levels

Retinol/TL 821914045 546422506 001

a-Tocopherol/TL 32 £ 164 2%=% 106 0456

Mean 25D, NS not significant, TC: total cholseterol, TG triglyceride,
TL: total lipid

Table 10. Correlation coefficients in male subjects

of vitarmin C and Al (atherogenic index) in males was signif-
icantly correlated at p<0.05. The status of vitamin E and HDL
in females was significantly correfated at p<0.01l. And the
status of vitamin C and Al and triglyceride in females were
significantly correlated at p<0.05.
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