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ABSTRACT

The present study was aimed to investigate whether there are age- and sex-related differences
in serum levels of lipid peroxides, retinol, and o-tocopherol in Korean adults. The subjects
were 441 persons, including 268 men and 173 women. Those of each sex were divided into
four age groups : 2029, 30 -39, 40 -49 and 50— 65 years, and their lifestyles and serum
levels were compared.

Men smoked and drank less as age increased, but 99.9% of women did not smoke and only
11% drank more than once a month. Lipid peroxides of males increased gradually with. age,
while those of females showed greater levels in the 50 - 65 years group thon younger groups.
Lipid peroxides, retinol and a-tocopherol concentrations, which were adjusted for age, were
significanty higher in males than in females. Lipid peroxide levels adjusted for total lipid were
positively correlated with age in males but not in females. Serum levels of a-tocopherol
adjusted for total lipid were positively correlated with age both in males and in females, while
retino! was neither. The results indicate that serum levels of lipid peroxides, retinol, and o-
tocopherol are affected by age and that the response could be different between males and
females. (Korean J Nutrition 30(9) : 1109~1115, 1997)

KEY WORDS : lipid peroxide - retinol - a-tocopherol - Korean adults.

direct information on increased oxidative stress in

Introduction

Agressive oxygen species can damage DNA, pro-
teins, carbohydrates, and unsaturated lipids of all
body compartments. Unfortunately their direct in-
vestigation in vivo is difficult because most aggres-
sive species have an extremely short half-life and can-
not easily be trapped under physiological conditions”.
Serious damage by agressive oxygen species could be
due to insufficiency of the body’s multilevel defense

system against increased oxidative stress. Thus in-
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vivo may be obtained by comparisons of lipoperox-
ide and antioxidant concentrations in tissues”.

Lipid peroxidation is a well-established general me-
chanism for cellular injury®. Increased lipoperoxide
production has been demonstrated in a wide variety
of clinical and toxicological conditions including acute
myocardinal infarction®; stroke®, and diabetes mel-

Y indicated inverse associa-

litus®. Numerous studies
tions between essential antioxidants in plasma and in-
cidences of cancer and cadiovascular diseases, which
suggests a pathogenetic involvement of free radicals’.
Recently Bonithon-Kopp, et al.? have reported that
erythrocyte vitamin E level was significantly and ne-

gatively associated with intima-media thickness of

© 1997 The Korean Nutrition Society




1110 / Age- and Sex-Related Differences in Serum Levels of Lipid Peroxide, Retinol and o-Tocopherol in Korean Adults

the common carotid arteries in both men and wom-
en, while TBARS(thiobarbituric acid-reactive subs-
tances) which is a biological marker of lipid perox-
idation, was not associated. However, TBARS was
significantly higher in men with carotid plaques than
in those without.

Age-related increases in lipid peroxide in rat testis
and liver” and accumulation of lipofuscin in the testes
of aging mice were observed'”. In humans lipid pe-
roxides were higher in older men than in younger
men'”"?, Higher levels of serum retinol in males and
the association of serum vitamins A and E with age,
adjusted for the effects of sex, are less consistent'¥'#!%,
Serum vitamin E levels were found in several studies

to increase gradually with age'™?

. Higher levels of
serum vitamin A among males than among females
have been reported'®. Vitamins A and E are lipid-
soluble substances and their absorp-tion and meta-
bolism are associated with those of lipids'”, and lipid
metabolism is closely related with sex and age.

The present study was aimed to investigate wheth-
er there are age- and sex-related differences in serum
levels of lipid peroxides, retinol, and o-tocopherol in
Korean adults and if the differences are held even aft-

er adjustment for serum lipid.
Subjects and Methods

All blood specimens were obtained from blood
donors for the biannual health examination held in
Kyungpook National University Hospital from April
22 to June 23, 1994. Questionnaires on general
characteristics of the subjects were provided during
the examination. Fasting blood was withdrawn and
serum was prepared by centrifugation of blood at 3,
000rpm for 10 minutes and kept frozen at — 65C
until analysis.

Serum total cholesterol was determined spectro-
photometrically by the enzymatic method using a kit
(Asan, Korea). Serum total lipid was determined by
the phosphovanillin method™ . Thiobarbituric acid-
reactive substances(TBARS) for the measurement of
lipid peroxides were determined fluorometrically by
the Yagi's method”. TBARS were extracted with n-
butanol and fluorescence intensity was determined at
excitation 515nm and emission 533nm using 1,1,3,3-

tetraethoxypropane as a standard. Retinol and a-to-
copherol were determined simultaneously by high
pressure liquid chromatography according to the me-
thod of Bieri, et al.?*®. A total lipid extract from 0.
Iml serum containing internal standards of o-to-
copheryl acetate and retinyl acetate was injected into
a micro-Bondpack Cjs column(Waters) developed with
me-thanol-water(97 : 3). Vitamins were detected at UV
292nm.

Data was statistically analyzed using SPSS program.
Pearson correlation coeflicient was used to analyze in-
terrelationship of variables and analysis of covariance
was carried out to exclude any effects of confound-

ing factors.
Results

The 441 persons in the study population included
268 men and 173 women, as shown in Table 1. The
men and women were divided, into four age groups

1 20-29(20'), 30— 39(30's) 40—49(40's), and 50—
65(50—60s) years. As shown in Table 2, the ma-
jority of the subjects were office workers except the
male group of 20—29 years, in which 40% were la-
bor workers and 38% did both types of work.

Fig. 1 shows the status of cigarette smoking and al-
cohol drinking. For men, 75% in their 20's, 60% in

Table 1. Numbers of study subjects by sex and age

Sex

Age Total Female Male
20-29 60 59 11927.0)
30-39 58 71 129(29.3)
40 - 49 69 20 89(20.2)
50-65 81 23 104(23.6)

268(60.8)  173(39.2) 441
Percentages of subjects are in parentheses
Table 2. Type of work of the subjects
Male Female
?vfgrcke Labor  Both \ONfcf:rclf Labor  Both

20-29 13 24 23 47 4 8
30-39 34 4 20 44 6 21
40-49 47 4 18 11 5 4
50-65 57 4 20 1 8 4

151 36 81 113 23 37
(56.3) (13.4) (30.2) (65.3) (13.3) (21.4)
Percentages of subjects are in parentheses




their 30's, 50% in their 40's, and 42% in their 50—
60’s were smokers. The percentage of subjects who
drank more than once a month was 80% for 20,
74% for 30's, 68% for 40s, and 65% for 50— 60's.
The average alcohol intake per drinking time was in
the order of 20, 30s, 40's, and 50-60s. Men
smoked and drank less as age increased,. For women,
only one subject smoked and only 11% drank more
than once a month.

Fig. 2 shows the levels of serum total cholesterol
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Fig. 1. Smoking and alcohol drinking habits of subjects.
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and total lipid according to age. Serum cholesterol
did not differ among the age groups of males and
did not correlate with age(r=0.003), while it differed
among the age groups of female subjects and cor-
related with age significantly(r=0.322, p<{0.001).
Mean serum cholesterol of males was significantly
higher than that of females(190 vs 176 mg/dl, p<0.
001). Each level of 20's, 30’s, and 40’s female groups
was significantlly lower than that of the correspond-
ing male group. Serum total lipid increased by age
both in males(r=0.164, p<0.01) and in females(r=0.
332, p<0.001). Total lipid did not differ between
males and females(5.2 vs 5.0mg/ml).
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Fig. 3. Serum levels of thiobarbituric acid-reactive sub-
stances.
a : Sex-difference of each age group is significant
at p<0.05
b : Sex-difference of each age group is significant
at p<0.01
¢ : Sex-difference of each age group is significant
at p<0.001
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Fig. 2. Serum levels of total cholesterol and total lipid.
a : Sex-difference of each age group is significant
at p<0.05
b : Sex-difference of each age group is significant
at p<0.01
¢ : Sex-difference of each age group is significant
at p<0.001

Fig. 4. Serum levels of retinol and alpha-tocopherol.
a : Sex-difference of each age group is significant
at p<0.05
b : Sex-difference of each age group is significant
at p<0.01
¢ : Sex-difference of each age group is significant
at p<0.001
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Table 3. Association of serum TBARS, retinol, and o-tocopherol by age, serum total cholesterol, and total lipid

Male Female
TBARS Retinol o-Tocopherol TBARS Retinol a-Tocopherol

Age 0.338*** 0.178** 0.319*** 0.172** 0.259** 0.452%**
(220) (246) (246) (167) 171 (171)
Total 0.002 0.007 0.045 0.205* 0.037 0.215*
cholesterol (211) (238) (238) ( 98) (100) (100)

Total lipid 0.263*** 0.148* 0.271%** 0.056 0.380*** 0.405***
(191) (234) (234) (164) (169) {169)

*p<0.05, **p<0.01, ***p<0.001
Numbers of subjects are in parentheses
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Fig. 5. Adjusted alpha-tocopherol levels for serum total
lipid.
a ! Sex-difference of each age group is significant
at p<0.05
b : Sex-difference of each age group is significant
at p<0.01
c ! Sex-difference of each age group is significant
at p<0.001

TBARS of males increased as age increased, while
those of females were similar among 20', 30's, and
40's(Fig. 3). TBARS levels of 20—29 and 50- 65
years female groups were significantly higher than
those of the corresponding male groups.

Serum levels of retinol and a-tocopherol(Fig. 4) in-
creased as age increased. Serum retinol concentra-
tions of all age groups were significantly lower in fe-
males than in males. Alpha-tocopherol concentration
of 20-29 and 30- 39 female age groups were also
significantly lower than those of male age groups.

Table 3 shows overall associations of lipid perox-
ides, retinol, and o-tocopherol with age, total cho-
lesterol, and total lipid. Age was positively correlated
with TBARS, retinol, and o-tocopherol both in

males and females. Total cholesterol was positively
correlated with TBARS and a-tocopherol in females.
Associations of total lipid with TBARS, retinol, and
a-tocopherol were much stronger than those of total
cholesterol. In this study we have found a strong
correlation of serum o-tocopherol with total lipid,
especially in women(r=0.405, p<0.001).

Since TBARS, retinol, and a-tocopherol were po-
sitively correlated with total lipid, and total lipid in-
creased by age(for males, r=0.164, p<{0.01 ; for fe-
males, r=0.332, p<0.001), they were divided by
serum total lipid(Fig. 5) and correlated with age
(Table 4). The adjusted TBARS level for total lipid
was positively correlated with age in males but not
in females. Serum levels of a-tocopherol after ad-
justment for total lipid were positiviely correlated
with age both in males and in females, while serum
retinol levels were not.

As shown in Table 5, Means of TBARS(2.19 vs 2.
46 MDA nmol/ml, p<{0.05), retinol(0.76 vs 0.53pg/
ml, p<0.001), and o-tocopherol(8.58 vs 7.11pg/ml,
p<0.001) were significantly higher in males than in
females. Since mean ages of subjects were 41.6+11.7
years for males and 33.449.6 years for females and
the difference was statistically significant at p<{0.001,
sex-related differences in serum levels of TBARS, re-
tinol, and a-tocopherol were tested after adjustment
for age. TBARS and retinol were significantly dif-
ferent between males and females. Alpha-tocopherol

Table 4. Association of serum TBARS, retinol, and a-tocopherol adjusted for the level of serum total lipid by age

Male Female
TBARS Retinol o-Tocopherol TBARS Retinol o-Tocopherol
Age 0.284*** 0.059 0.169** 0.018 0.042 0.222**
(191 (234) (234) ~ (164) (169) {169)

*p<0.05, **p<0.01, ***p<0.001
Numbers of subjects are in parentheses
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Table 5. Sex-related differences in serum TBARS, retinol, and a-tocopherol without and with adjustment for the level of

serum total lipid

P-value

Male Female Age-adjusted p-value

Unadjusted levels

TBARS 219 +0.97 246 +1.29 <0.05 <0.001

Retinol 0.75940.233 0.533+0.178 <0.001 <0.001

o-tocopherol 8.58 +3.01 711 £2.54 <0.001 NS
Lipid-adjusted levels )

TBARS 0.440+0.180 0.510+0.267 <0.01 <0.001

Retinol 0.152+0.056 0.111+0.036 <0.001 <0.001

o-tocopherol 1.69 +0.576 1.47 £0.469 <0.001 =+ <0.05
Mean+SD NS : not significant

became insignificant after adjustment for age. Howev-
er o-tocopherol/mg total lipid adjusted for age be-
came significantly higher in males than in females.
For men, covariate analysis, in which TBARS or ¢-
tocopherol was the dependent variable and age was
covariate, showed that smoking and alcohol drinking
of subjects were not significant factors. Retinol was
associated with alcoho! drinking significantly(p <0.
01). Subjects who drank more than 3-4 times per
week had significantly higher serum retinol con-
centration than those who drank less frequently.

Discussion

In the present study we found age-related diff-
erences in serum lipid peroxides and o-tocopherol.
Age-related increases in lipid peroxides are consistent
with the results of Hagihara, et al.'” and Knight, et

12)

al.”” who have reported that older men had higher
MDA concentrations in plasma than did younger
men.

Alpha-tocopherol is mostly carried in lipoproteins”
and serum o-tocopherol concentration is usually ad-
justed by serum lipids™

lipids with lipid peroxides, retinol, and «-tocopherol

. The relations of serum total

levels were observed(Table 3). Populations in West-
ern countries had a stronger correlation of serum o-
tocopherol with serum total cholesterol'®*", while
Korean middle-aged men showed a stronger corre-
lation of o-tocopherol with serum mglycende”’
compared to total cholesterol.

Age-effects on serum levels of lipid peroxides, re-
tinol, and «-tocopherol were significant, even after
adjustment for serum total lipid in our study. Ac-
cording to the work of Stryker, et al.'”, age was a sig-

P T

nificant predictor for serum vitamifi E level; even aft-
er considering plasma lipid levels as well as vitamin E
intake in women. They found that vitamin E intake,
energy intake, plasmawchol‘csterol, apd’ plasma -

glyceride in men, and vitamin E intake, energy ime

take, plasma total cholesterol and triglyceride, age, ci-
garette smoking, and alcohol drinking in women
were predictors for plasma vitamin E level by mul-
tiple regression analysis:-Malvy, et al.'® reported age-

and sex-specific intervals of serum retinol, preatstene
and a-tocopherol in heaithy French children and.

that concentrations of these micronutrients increased
sigmficantly with age, but sex had no effect.

In this study we have found sex-related differences
in serum lipid proxidcs retinol and e¢- tocophcrol
(Table 5)." According to thc work of Stryker, et R

)aim

men had 19% hlghcr‘pi‘({sma retmdl‘ l‘é'vcl than wom-

en. Higher levels. of ligg serym
in males than females and. hlghc’rﬂ g’/’és

carotene in females than in males. have becn reportcd,__w .
*th’c other
hand Herbeth, et al.'"? reported that sex differences.

in a study done by Comstoek, et-al*¥.

in serum levels of vitamins A and E became insignifi-

cant after adjustment for alcohol and cigarette con- : .

sumption. TBARS level of females. was §ignificanty
higher than that of males, whether the levels were ad-
justed for serum total lipid or not.

We' have not found any effects of smoking on
serum levels of lipid peroxides, retinol, and a-to-
copherol in this study. Serum retinol was higher in
the men who drank more than 3 times per week

_ than in men drinking less frequently. In our previous

studies, o-tocopherol adjusted for triglyceride was

- lower in heavy smokers than in moderate smokers™,

and o-tocopherol was high in subjects who drank
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more than 5 tmes per week™. Stryker, et al."” noticed
that plasma o-tocopherol was positively associated with
daily alcohol intake in women but not in men. The
findings on the relationship between and smoking and
serum levels of antioxidant vitamins have not always
been consistent™. Fisher and Gordon™ have reported
that there was litle relation between smoking and al-
cohol drinking habits and nutrient intake in spite of a
positive correlation between cigarette and alcohol use.
Lecomte, et al.*® observed a moderate elevation of plas-
ma o-tocopherol with alcohol intake, but this diff-
erence disappeared’after adjustment of values for plas-
ma lipid concentrations. A

Vitamin supplcmcnfat“i;r;‘}g another important factor
affecting serum vitamin levels'®, Unfortunately we don’
t have reliable information on vitamin supplementation.
As people get older they are inclined to take more vi-
tamin supplements so that serum levels increase with
age. However that reason is unlikely in this study, be-
cause association of serum retinol with age became in-
significant after adjustment for serum total lipid and
most vitamin supplements contain not only vitamin
E but also retinol and B-carotene.
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