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Determinants of serum levels of retinol, B-carotene and
o-tocopherol in men and women born in Australia, Greece

and Italy
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Serum retinol, B-carotene and a-tocopherol levels were measured in a volunteer sample of 764 Australian-, Greek- and
Italian-born adult residents of Melbourne, Australia. There was no difference among the ethnic groups in mean levels of
serum retinol or o-tocopherol. Mean B-carotene levels were between 11 and 22% higher for Australian-born subjects.
Serum B-carotene was higher in females, retinol was higher in males. The serum levels of retinol, B-carotene and o-
tocopherol were significantly positively associated with serum cholesterol. Serum triglyceride was positively associ-
ated with serum retino! and oi-tocopherol but negatively associated with serum B-carotene. A positive association with
retinol and an inverse association with B-carotene was found for alcohol consumption. Serum a-tocopherol was posi-
tively associated with dietary vitamin E. Serum B-carotene was correlated with carotene intake among subjects who
had never smoked. Serum retinol increased with age in women only. These data provide a degree of cross-cultural
robustness to previous findings in regard to the determinants of serum retinol, B-carotene and o-tocopherol in healthy

men and women.
Introduction

There is some epidemiological evidence of an inverse associ-
ation between the level of retinol in blood and cancer risk’.
The suggested mechanism is that retinol inhibits tumour pro-
motion through the regulation of cell growth and develop-
ment’. Post-hepatic conversion to retinol is one possible
mechanism that might explain a reduction in cancer risk asso-
ciated with B-carotene®, although the more conventional
explanation involves its antioxidant properties4. Another
dietary antioxidant that has been proposed to have a preven-
tive role in the pathogenesis of cancer and coronary heart dis-
ease (CHD) is vitamin B>,

Cross-sectional surveys in Australia show that migrants
from southern Europe consume large amounts of leafy green
vegetables and vegetable oils; both rich sources of antioxi-
dants®. Tt is possible that Italian- and Greek-born Australians
obtain some protection against CHD and cancer from dietary
antioxidants because their mortality advantage is not explica-
ble in terms of established risk factors such as serum choles-
terol, cigarette smoking, obesity or physical inactivity7’8.

It is well recognized that positive associations exist
between the dietary intake of B-carotene and o-tocopherol
and their levels in serum or plasma’. No such relationship is
evident for retinol, although elevated serum retinol levels
have been re?orted among individuals taking daily vitamin A
supplements'®'!, In recent years attention has focussed on
identifying other factors associated with the serum levels of
retinol, B-carotene and a-tocopherol. The list includes: serum
cholesterol and triglycerides, age, gender, smoking status,
alcohol consumption, energy intake, relative body weight,
use of antihypertensive medication, and season of the year in

which the blood was taken. Establishing the relative impor-
tance of the various endogenous and exogenous determinants
of the level of a nutrient in serum can best be done by per-
forming multivariate analysis with all of the independent
variables included in one regression model. In addition, the
extent to which the determinants are cross-culturally robust is
likely to be of biological relevance yet this has not been ade-
quately addressed. Serum levels of retinol, B-carotene and o-
tocopherol were therefore measured in a field study
conducted in Melbourne, the Australian city with the largest
Italian and Greek communities'?. The aims of the study were
threefold: to establish whether there were differences in the
serum levels of these nutrients on the basis of ethnicity; to
describe a normal reference range for these nutrients in
healthy Australian men and women, and to identify their
determinants within a heterogeneous population using multi-
ple linear regression.

Materials and methods

Study population and recruitment

The study population (Table 1) consisted of a volunteer sam-
ple of 764 healthy men and women who took part in the feasi-
bility trial of the Melbourne Collaborative Cohort Study”’.
The sampling strategy was to obtain people who were likely
to volunteer to be in a long-term study of their health.
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Table 1. Characteristics of the study population, n (%).
Males Females
Australian® Italian®  Greek®  Australian® Italian® Greek®
Age (years)
4049 43 (46.7) 13 (12.6) 39 (33.1) 62 (41.6) 14 (10.5) 66 (50.0)
50-59 24 (26.1) 26 (25.2) 47 (39.8) 61 (409) 56 (42.1) 48 (36.4)
6069 25(27.2) 64 (62.1) 32 (27.1) 26 (174) 63 (474 18 (13.6)
Smoking status
Never smoker 43(46.7) 32 (31.1) 30 (28.8) 104 (69.8) 108 (81.2) 99 (75.0)
Former smoker 39(42.4) 49 (47.6) 54 (45.8) 139 (26.2) 18 (13.5) 14 (10.6)
Current smoker 10(10.9) 22 (214) 34 254) 6 @40 7 (5.3) 19 (144
Body mass index (kglmz)
<20 333 1 100 0 0O 4 @27 0 (0.0 0 00
20-24.9 26(2833) 9 (8.7) 23 (19.5) 70 47.0) 21 (15.8) 28 (21.2)
25-30 56 (60.9) 74 (71.8) 75 (63.6) 57 (38.3) 62 (46.6) 81 (61.9)
>30 7 (7.6) 19 (184) 20 (169) 18 (12.1) 50 (37.6) 23 (174
Use vitamin supplement at least oncefweek
Multivitamin 18(196) 5 @49 5 42) 21 (141) 7 (5.3 5 (3.8)
Vitamin A 1 Q1 1 10y 3 (25 2 (13) 2 (15 2 (1.5
Vitamin E 222 4 39 1 (08 10 67 4 3.0 2 (1.5)

# Refers to country of birth, most of the Italian and Greek-born participants are Australian citizens.

Participation was restricted to people living within the
Melbourne Statistical Division aged between 40 and 69 years
who were born in Australia or who entered Australia on a
Italian or Greek passport, including some who were born in
Egypt or Cyprus.

Assistance was generously provided by established net-
works within the Italian and Greek communities. Talks were
give to church groups, regional clubs and people attending
migrant resource centres. Articles were written in the ethnic,
suburban and regular newspapers. Interviews were broadcast
on ethnic and commercial radio programmes and awareness
was spread further by word of mouth.

Recruitment of the different ethnic groups was staggered:
the Greek-born subjects were recruited between November
1987 and April 1988, the Italian-born were recruited between
May 1988 and July 1988 whereas the Australian-born were
recruited between September 1988 and November 1988.
Most of the Australian-born subjects had responded to an
advertisement in a major metropolitan daily newspaper.
Others responded to invitation letters which were distributed
to several hundred households across Melbourne.

Study design and data collection

Upon enrolment, subjects were sent a self-administered ques-
tionnaire in their preferred language. Once this was returned
every subject was visited in their home by a bilingual mem-
ber of staff. As well as providing an opportunity to clarify or
enter missing questionnaire responses as required, the pur-
pose of the visit was to deliver a set of weighing scales and
explain and demonstrate the procedure for recording weighed
food intake. Records of weighed food intake were kept on
two occasions, each of 4 days duration, at least 6 weeks apart.

Subjects were asked to return the completed records by mail
in pre-paid reply envelopes. The nutrient database comprised
McCance and Widdowson’s The Composition of Foods'
supplemented with certain local foods". The composition of
some Greek composite dishes was obtained from Professor
A. Trichopoulou, the author of the Greek Food Composition
Table'® and these were added together with some items cre-
ated from recipes provided by the Italian and Greek subjects.
The questionnaires, printed instructions and booklets for
recording weighed food intake were also provided in Greek
and Italian. The research instruments had earlier been pilot-
tested on 40 Greek and Italian migrants.

The final data collection involved taking a 15-ml fasting
blood sample and physical measurements such as blood pres-
sure, weight, height, sitting height, body impedence, and
waist and hip circumferences. Subjects were invited to attend
one of 32 sessions held at ten different locations throughout
Melbourne between March and April 1989. Data concerning
age, country of birth, use of cigarettes, vitamin supplements
and antihypertensive medication were obtained from the diet
records. Body mass index (BMI, wcight/heightz) was calcu-
lated from measurements of height (metres) and weight (kilo-
grams) taken in light indoor clothing without shoes.

The study protocol was approved by the Ethics Committee
of the Anti-Cancer Council of Victoria. All subjects gave
their voluntary written consent before participation.

Laboratory analyses

Blood samples were obtained from fasting subjects between
7.00 and 11.00 am. From each sample, 10 ml was collected
into a pre-labelled plain tube that was immediately wrapped
and covered with aluminium foil. Blood samples were kept in
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Table 2. Descriptive statistics of serum lipids and antioxidants.
Mean S.D. Min 25th Median  75th Max
Cholesterol Males Italy 6.33 1.06 4.0 5.6 6.3 7.1 85
(mmol/1 Greece 6.23 1.09 3.2 55 6.2 7.0 9.1
Australia 6.21 0.97 3.7 54 6.4 6.8 8.5
Females Italy 6.61 L11 42 6.0 6.5 72 9.7
Greece 6.26 1.03 43 55 6.3 6.9 8.9
Australia 6.32 1.12 4.2 5.5 6.3 6.9 9.6
Triglycerides Males Italy 2.68 3.66 0.6 14 1.9 28 334
(mmol/l) Greece 1.77 1.14 0.2 1.0 1.5 22 7.0
Australia 1.70 1.04 04 1.0 1.4 21 5.1
Females Italy 1.84 1.03 0.5 1.1 1.5 2.3 6.1
Greece 1.39 0.75 04 0.8 12 1.7 4.0
Australia 1.27 0.70 04 0.8 1.0 1.5 49
Retinol Males Italy 2.99 0.88 1.2 25 2.9 34 6.8
(nmol/1) Greece 297 0.97 0.9 24 2.8 34 6.1
Australia 3.06 0.86 0.9 25 3.1 3.5 6.8
Females Italy 271 0.78 0.9 22 27 3.1 6.4
Greece 2.53 0.94 0.9 1.8 24 3.1 53
Australia 2.68 0.86 0.8 2.1 2.6 3.1 6.0
[B-carotene Males Italy 0.79 0.59 0.1 04 0.7 0.9 46
(umol/l) Greece 0.72 043 0.1 04 0.6 0.8 32
Australia 0.92 0.58 0.2 0.5 0.8 1.2 3.6
Females Italy 1.01 0.52 0.1 0.7 09 13 2.7
Greece 0.99 0.56 0.2 0.6 0.9 1.3 34
Australia 1.11 0.61 0.2 0.7 1.1 1.4 32
o-tocopherol Males Italy 350 14.6 10 24 32 43 94
(umol/1) Greece 333 114 7 25 31 39 70
Australia 32.7 122 9 27 31 39 89
Females Italy 327 11.2 9 25 32 37 73
Greece 335 12.8 11 23 32 41 80
Australia 324 12.3 1 25 31 38 98

the dark and allowed to clot at room temperature before being
transferred on ice to the laboratory within 3—4 h of phle-
botomy. The samples were centrifuged and the serum
removed and stored at —80°C for up to 3 months.

Serum retinol, B-carotene and o-tocopherol were mea-
sured by a commercial laboratory using reverse-phase high-
performance liquid chromatography. Serum total cholesterol
and triglyceride concentrations were determined using enzy-
matic colorimetric reagents on a Roche Cobas Fara auto-
analyser by the Biochemistry Department of the Alfred
Hospital, Melbourne.

Statistical analyses ,

For descriptive purposes, medians, means and standard devi-
ations were computed on untransformed variables. We did
not pursue tests of statistical significance relating to ethnic
differences in anthropometric, dietary or serum measure-
ments because of the nonprobabilistic nature of the survey
sample. Linear regression procedures were used in analysing
the determinants of serum retinol, B-carotene and o-toco-
pherol. All continuous variables that exhibited a log-normal
distribution were transformed by the natural logarithm to
improve normality prior to regression and correlation analy-
sis. Alcohol and BMI were the only continuous variables that
were not transformed. Sex, age, ethnicity and cigarette smok-

ing status were entered as indicator variables in the multiple
linear regression models. Dietary carotene, vitamin E and
alcohol were adjusted for energy as the residuals from the
regression model on the log scale plus the expected nutrient
intake for the mean energy intake of the study population”.
Results were considered significant for two-tailed P values
less than 0.05.

Results

Selected characteristics of the study population are shown in
Table 1. Descriptive statistics of serum lipids and micronutri-
ents are given in Table 2. Serum B-carotene was higher in
females than males in each ethnic group. Mean [B-carotene
levels were between 11 and 22% higher for Australian-born
men and women than for subjects born in Italy and Greece.
There was about a six-fold range in serum retinol in this sam-
ple of healthy men and women. In contrast to serum retinol,
which is subject to homoeostatic control,the distribution of
serum B-carotene was highly skewed. The interquartile range
was only two-fold but the overall range of values observed
was at least 20-fold.

The distribution profiles of serum o-tocopherol stratified
by sex and ethnicity were very similar. There was an approx-
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Table 3. Pearson correlation coefficients.

Males (n=313) Females (n=414)

B-carotene Retinol o-tocopherol B-carotene Retinol o-tocopherol

(umol)  (umol)  (umol/l) (Hmol/l) (tmol/)  (pmol/l)
Age (years) 0.00 -0.04 0.08 0.00 0.15 0.09
*Smoking (cigarettes/day) -0.04 -0.02 0.03 -0.25 0.05 0.14
*Alcohol (g/day) -0.12 0.06 -0.02 0.18 0.01 -0.07
BMI (kg/m?) —-0.05 0.03 -0.04 -0.17 003  -0.01
Serum cholesterol (mmol/l) 0.00 0.29 0.40 0.06 0.18 0.45
Serum triglyceride (mmol/l)  -0.06 0.21 0.38 -0.18 0.24 0.24
Energy intake (kJ/day) 0.07 0.05 0.04 -0.11 0.00 -0.03
Dietary carotene (mg/day) 0.08 0.00 0.02 0.10 0.00 0.01
Dietary retinol (mg/day) 0.04 -0.03 0.04 0.10 —0.06 -0.03
Dietary vitamin E (mg/day) 0.06 0.06 0.13 0.15 -0.04 0.04

* correlations are over smokers only (n =202 m, 102 f) for cigarettes and drinkers only (n =237 m and 141 f) for alcohol.

Table4. Predictors of serum retinol, B-carotene and a-tocopherol in multiple regression analyses.

: Regression coefficient
Dependent variable Explanatory variable Estimate 95% confidence interval Multiple R?
Serum retinol (umol/1) (Intercept) 0.32 0.07 0.58 13%
sex -0.08 -0.13 -0.02
log (cholesterol) 0.33 0.19 0.47
log (triglyceride) 0.10 0.06 0.15
alcohol<10g/d 0.04 -0.02 0.10
alcohol>10g/d 0.11 0.04 0.17
Serum retinol (umol/l) (Intercept) 0.44 0.09 0.79 11%
Females only log (cholesterol) 0.20 0.00 0.39
log (triglyceride) 0.13 0.07 0.20
age 50-60 0.07 -0.01 0.14
age 60-70 0.08 0.00 0.17
alcohol<10g/d 0.02 -0.05 0.09
alcohol>10g/d 0.14 0.06 0.23
Serum f-carotene (umol/I) (Intercept) 0.03 -1.37 143 13%
log (dietary carotene) -0.11 -0.28 0.06
sex 0.16 0.06 0.27
past smoker -1.03 -2.60 0.55
never smoker -1.66 -3.12 -0.19
BMI -0.01 -0.02 0.00
log (triglyceride) -0.19 -0.28 -0.10
log (cholesterol) 0.38 0.12 0.64
Greek-born -0.09 -0.19 0.02
Australian-born 0.03 -0.09 0.14
alcohol<10g/d -0.04 -0.15 0.07
alcohol>10g/d -0.12 -0.24 0.00
log (dietary carotene) past smoker 0.16 ~0.04 0.36
log (dietary carotene) never smoker  0.24 0.05 0.42
Serum o-tocopherol (umol/l)  (Intercept) 2.07 1.76 237 23%
log (cholesterol) 0.82 0.68 0.96
vitamin E supplements 0.26 0.39 0.13
log (triglyceride) 0.10 0.05 0.14

log (dietary vitamin E) 0.07 0.01 0.13
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imately 10-fold range of observed values, excluding the min-
imum serum o-tocopherol value for an Australian-born
woman. There was no obvious explanation of this deficient
value; the subject had no clinical evidence of vitamin E defi-
ciency and her dietary intake of vitamin E was normal.

There was no appreciable difference in serum cholesterol
values on the basis of sex or ethnicity. However, median
serum triglyceride values were higher among Italian-born
men and women.

Pearson correlation coefficients between the serum levels
of B-carotene, retinol and a-tocopherol and selected personal
characteristics and dietary intake variables are presented in
Table 3. The strongest correlations were with serum lipids.
Cholesterol and triglycerides were positively correlated with
serum retinol and o-tocopherol. Serum B-carotene was
inversely correlated with triglycerides. There was a modest
positive association between dietary carotene and serum [-
carotene in both men and women. Similarly dietary vitamin E
was correlated with serum a-tocopherol. There was a weak
inverse association between the retinol content of the diet and
its level in serum. Male sex and serum cholesterol and
triglycerides were significant determinants of serum retinol
in the multiple regression model (Table 4). Alcohol was the

only other variable that was positively associated with serum
retinol in both men and women. Variables not independently
associated with serum retinol were: dietary retinol, vitamin A
supplements, antihypertensive medication, BMI, smoking,
ethnicity and age. Although age was not a significant predic-
tor of serum retinol in the regression model, we included age
in a separate regression model for women as there was a sig-
nificant progression in serum retinol with age in women
(Figure 1). Levels were intermediate in the perimenopausal
age range so a dichotomous variable, pre- or post-
menopause, was entered into the regression model. In con-
trast to age, menopausal status was not a clear predictor of the
level of serum retinol in women.

Serum P-carotene was positively associated with female
sex and serum cholesterol. A significant association between
dietary carotene and serum [-carotene was restricted to peo-
ple who had never smoked. Factors associated with a signifi-
cant reduction in serum B-carotene included serum
triglycerides, alcohol consumption, and current and past his-
tory of cigarette smoking. Greek ethnicity was also indepen-
dently associated with a reduction in serum B-carotene.

Three factors were identified as strong independent predic-
tors of serum a-tocopherol: cholesterol, triglycerides and use

Table 5. Existing reference levels of blood retinol, B-carotene and oi-tocopherol in Australian and Italian adults

Year First author Subjects Country  Age® Sex Sample Mean S.D.
Retinol (umol/1)

1988 Brock® 143 population controls Australia 18-65 F plasma 194 -
1989 Wahlqvist® 10 - Australia 3719 M serum  3.55  0.63
1989 Wahlqvist® 11 - Australia 35%13 F serum 325 0.73
1989 Kune?! 63 hospital controls Australia 66.6+8.5 M serum 1.99  0.53
1991 Rabuco® 5 Australian Aborigines Australia 18-32 F plasma 143 -
1991 Rabuco® 3 Non Aboriginals Australia 25-38 F plasma 178 -
1991 Rabuco® 3 Non Aboriginals Australia 25-38 M plasma 185 -
1992 Kune? 88 surgical controls Australia 657 M serum 2.51 0.98
1984 Fidanza® 39 aged pensioners in Perugia Italy 65-69 M plasma 234 -
1984 Fidanza® 55 aged pensioners in Perugia Italy 65-69 F plasma 200° -
1987 Porrini?® 75 residents of a small town Italy 6069 F plasma 174 0.53
1987 Porrini® 18 residents of an agricultural village Italy 60-69 F plasma 133  0.53
1987 Porrini® 52 residents of a small town Italy 60-69 M plasma 191 071
1988 Gerber™® 209 hospital controls Italy 30-65 F plasma 1.85 0.50
B-carotene (umol/)

1988 Brock" 143 population controls Australia 18-65 F plasma 0.56 -
1989 Kune”! 63 hospital controls Australia 66.6+8.5 M serum 157 049
1990 Bain®’ 62 baseline - intervention group Australia 56+10.8 39M23F serum 056 037
1990 Bain®’ 60 baseline — placebo group Australia 55+9.7 37M23F serum 050 031
1991 Rabuco? 5 Australian Aborigines Australia 18-32 F plasma 045 -~
1991 Rabuco? 3 Non Aboriginals Australia 25-38 F plasma 134 -
1991 Rabuco® 3 Non Aboriginals Australia 25-38 M plasma 125 -
1992 Kune® 88 surgical controls Australia 65+7 M serum 1.66 045
1992 Wattanaﬁpenpaiboon28 20 Caucasians Australia 47.2+63 F serum 040 -
1988 Gerber” 209 hospital controls Italy 30-65 F plasma 075 041
o-tocopherol (J.lmo]/l)

1990 Silbert® 9 non-medical hospital workers Australia 41 -63 M plasma 25.0 6.0
1991 Lo® 14 - Australia - M seum  27.56  3.74
1991 Lo® 14 - Australia - F serum 2798 8.51
1987 Porrini®® 75 residents of a small town Italy 60-69 F plasma 27.86 9.29
1987 Porrini”® 18 residents of an agricultural village Italy 60-69 F plasma 30.18 6.97
1987 Porrini® 52 residents of asmall town Italy 60-69 M plasma 25.54 ‘11.61
1988 Gerber 209 hospital controls Italy 30-65 F plasma 2531 620
1989 Rubba’! 74 residents of Sapri Italy 40-49 M plasma 25.1 7.0
1990 Riemersma’ 80 apparently healthy men Italy 40-499 M plasma 23.9° -

* Age is expressed as mean = SD or range ® median
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Figure 1. Convergence of male and female serum retinol levels
with age.

of vitamin E supplements. Dietary vitamin E was another sig-
nificant determinant of serum a-tocopherol, but only after
two outliers were removed from the analysis.

Discussion

Nutrients with antioxidant properties are currently the focus
of considerable research activity as they are thought to offer
some protection against CHD and certain forms of cancer.
Optimal plasma levels have recently been suggested: retinol
>2.2-2.8 pumol/l, B-carotene > 0.4-0.5 pmol/l and o-toco-
pherol >27.5-30.0 umol/lls. The existing literature relating
to average blood levels of these antioxidants in Australian
and Italian adults is more confusing than illuminating; there
is little consistency in mean values even when reported from
the same laboratories (Table 5). The present study involved a
non-random sample so it is not suitable for establishing the
prevalence of suboptimal antioxidant nutrient status in the
general population. However, as the largest study of its type
to have been conducted in Australia it can be used as a refer-
ence range.

The low proportion of current cigarette smokers among the
Australian-born suggests that they may have been more
health-conscious than the general population. Conversely,
the high proportion of Italian- and Greek-born subjects who
were overweight or obese suggests that they were less likely
to have experienced this particular bias. Comparisons on the
basis of ethnicity were further complicated by the different
age structures of the sub-groups. Serum levels of retinol were
higher in males than females in each ethnic group (Table 2).
However, the difference was smallest among the Italian-born
who had a far higher proportion over 60 years of age.

The observation that the Australian-born participants had
relatively higher levels of serum B-carotene must be treated
cautiously. Carrots are the richest source of B-carotene in the
diet and men and women born in Australia have been shown
to eat substantially more carrots than do migrants from south-
emn Europe”. B-carotene is not the only carotenoid with

antioxidant properties and it is possible that southern
European migrants have a greater overall carotenoid intake
than do native-born Australians. Italian and Greek-born
migrants eat more tomatoes and leafy green vegetables” and
these foods respectively contain lycopene and xanthophyll as
well as many other flavonoids®. Future studies of this type
should test a boarder range of carotenoids in serum such as o-
carotene, lycopene, lutein, cryptoxanthin, phytoene and
zeaxanthin. Greek ethnicity was a significant inverse predic-
tor of serum B-carotene independently of diet and other
lifestyle factors and personal characteristics. This might be
explained by the fact that during the two months when the
blood samples were taken many of the Greek-born subjects
were observing Lenten fasting according to the rituals of the
Orthodox religion.

Sex was an independent determinant of serum levels of
retinol and f-carotene but not o-tocopherol in our study. This
is consistent with most studies of this type35'4° although a
large Finnish study reported higher a-tocopherol levels in
women" .

Numerous studies in young and middle-aged adults have
found that serum retinol levels are higher in males than
females'" *2. However, no difference in serum retinol levels
between the sexes have been found in studies conducted
among the elderly43. For this to be the case, there must be an
increase in serum retinol with age in women and/or a reduc-
tion in serum retinol with age in men. A differential effect in
men and women might explain why there is inconsistency in
the literature whether serum retinol levels increase with
age“’ 364 An earlier study had found a strong correlation
between serum retinol and age in women only39. We also
found a significant progression in serum retinol with age in
women (Figure 1) so we included age and menopausal status
in a separate regression model for women. Menopausal status
was not found to be an independent determinant of serum
retinol in the linear regression model. However, as
menopausal status is highly correlated with age, the possibil-
ity that it might be biologically important can not be com-
pletely excluded.

Two Japanese studies have shown an increase in plasma B-
carotene with age35’ % but no other study has shown such a
relationshipm’ 11,37,39,42, 45,46 There was no effect of age on
the level of serum B-carotene or o-tocopherol in the present
study. Serum cholesterol was a significant predictor of serum
retinol, B-carotene and o-tocopherol in our regression mod-
els. Positive correlations of a similar magnitude have been
found in many studies conducted in different population set-
tings39’ #1,44.96.47 We found an inverse association between
serum triglycerides and B-carotene and positive correlations
with retinol and o-tocopherol. The inverse association with
B-carotene was found in three studies 7 3 % although only
among women in the study of Ascherio et aI*® and no associa-
tion was found in another study®’, Reasonably strong positive
correlations between serum triglycerides and both retinol and
o-tocopherol have been described previously37' 39,4446,

Cigarette smoking was inversely associated with seram j3-
carotene but not with retinol or o-tocopherol. Smoking status
was a significant determinant of serum B-carotene in the mul-
tivariable regression model. In contrast to the study of
Nierenberg et al'! where there was no difference in the rela-
tionship between dietary and plasma [-carotene among
smokers and non-smokers, we found an interaction, similar
to that which had been described by many others'® 3404845
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Among current and past smokers the relationship between
dietary and serum B-carotene was weak and not significant,
whereas there was a significant correlation among subjects
who had never smoked. The Pearson product-moment corre-
lation coefficient between dietary and serum B-carotene
among non-smokers in the present study (r=0.11) was lower
than has been reported in comparable studies which have
used validated food frequency questionnaires that enquire
about usual intake in the preceding 12 months®” %, We mea-
sured actual food intake for a total of 8 days over a period up
to 18 months prior to blood collection. There is limited infor-
mation available regarding the minimum number of days
required to characterize an individual’s habitual intake of -
carotene, but the literature concemin§ vitamin A indicates
that it may considerably exceed 8 days 0

Consistent with most other studies'® *>** % we found an
independent inverse effect of alcohol consumption on serum
B-carotene in multivariate analysis. One study found no
effect® and another found an effect of alcohol only among
males®’. The positive association we found in univariate
analysis between alcohol and serum P-carotene in women
was driven by one outlier. As has been found in several previ-
ous studies'” > 4 alcohol was positively associated with
serum retinol in both males and females. There was no effect
of alcohol on serum o-tocopherol.

Notwithstanding the fact that only 23 subjects claimed
they regularly took vitamin E supplements, this indicator
variable was a significant predictor of the level of serum o-
tocopherol in the linear regression model. We were unable to
calculate total vitamin E intake because we did not collect
details of the dose of vitamin supplements used. Two studies
that have measured total vitamin E intake found substantially
stronger correlations among those who took vitamin E sup-
plements compared to those who did not>”*’, In univariate
analysis an inverse correlation was observed between BMI
and serum B-carotene, but this disappeared once serum lipids
were added to the regression model. We were unable to study
the effect of seasonal factors as all blood samples were col-
lected in the space of 2 months during autumn. A number of
other factors have been associated with the serum level of p-
carotene in other studies, including energy intake*, use of
multi-vitamin supplemc;‘,nts42 and antihypertensive medica-
tion'! but none of these was found to have an independent
effect in the present study.

In summary, this study has corroborated previous findings
in regard to the determinants of serum retinol, B-carotene and
o-tocopherol. The distribution profiles for these antioxidants
can serve as Australian reference values. Our data do not sup-
port the hypothesis that vitamins A and E are responsible for
the protection experienced by southern European migrants
against CHD and cancers of the colon, rectum, breast and
prostate. However, a more appropriate study design would
involve a longitudinal study which included an ethnically
diverse cohort.

References

1 Comstock GW, Bush TL, Helzlsouer K. Serum retinol, beta-
carotene, vitamin E, and selenium as related to subsequent can-
cer of specific sites. Am J Epidemiol 1992; 135: 115-121.

2 Peto R, Doll R, Buckley JD, Sporn MB. Can dietary beta-
carotene materially reduce human cancer rates? Nature 1981;
290: 201-208.

3

4

10

11

12

13

14

15

16

17

19

20

21

22

23

24

De Vet HCW. The puzzling role of vitamin A in cancer preven-
tion. Anticancer Res 1989; 9: 145-152,

van Poppel G. Carotenoids and cancer: an update with empha-
sis on human intervention studies. Eur J Cancer 1993; 29A:
1335-1344.

Packer L. Protective role of vitamin E in biological systems.
AmJ Clin Nutr 1991; 51: 1050s-1055s.

Webb K, Manderson L. Food habits and their influence on
health. In: The health of immigrant Australia: a social perspec-
tive, Reid J, Trompf P, eds, Sydney, Harcourt Brace
Jovanovich, 1990.

Powles J, Gifford S. How healthy are Australia’s immigrants?
In: Reid J, Trompf P, eds, The health of immigrant Australia: a
social perspective, Sydney, Harcourt Brace Jovanovich, 1990;
77-107.

Bennett S. Risk factor differentials among immigrant groups.
In: Donovan J, d’Espaignet ET, Merton C, van Ommeren M,
eds, Immigrants in Australia; a health profile, Australian
Institute of Health and welfare: Ethnic Health Series, No. 1,
Canberra: Australian Government Publishing Service.

Willett WC, Stampfer MJ, Underwood BA, Taylor JO,
Hennekens CH. Vitamins A, E, and carotene: effects of supple-
mentation on their plasma levels. Am J Clin Nutr 1983; 38:
631-639.

Roidt L, White E, Goodman GE, Wahl PW, Omenn GS,
Rollins B, Karkeck JM. Association of food frequency ques-
tionnaire estimates of vitamin A intake with serum vitamin A
levels. Am J Epidemiol 1988; 128: 645-654.

Nierenberg DW, Stukel TA, Baron JA, Dain BJ, Greenberg ER,
The Skin Cancer Prevention Study Group. Determinants of .
plasma levels of beta-carotene and retinol. Am J Epidemiol
1989; 130: 511-521.

Australian Bureau of Statistics. Overseas born Australians:
1988, Canberra, ABS, catalogue No. 4112.0, 1989.

Giles GG. The Melbourne study of diet and cancer. Proc Nutr
Soc Aust 1990; 15: 94-103.

Paul AA, Southgate DAT. McCance and Widdowson’s The
Composition of Foods, 4th Edition, London, Her Majesty’s
Stationery Office, 1978. '

Department of Community Services and Health. Composition
of foods, Australia, Canberra, Australian Government
Publishing Service, 1989.

Trichopoulou A. Composition of Greek foods and dishes,
Athens, Athens School of Public Health, 1992.

Willett W, Stampfer MJ. Total energy intake; implications for
epidemiologic analyses. Am J Epidemiol 1986; 124: 17-27.
Gey KF, Moser UK, Jordan P, Stihelin HB, Eicholzer M,
Liidin E. Increased risk of cardiovascular disease at suboptimal
plasma concentrations of essential antioxidants: an epidemio-
logical update with special attention to carotene and vitamin C.
Am J Clin Nutr 1993; 57: 7875-797s.

Brock KE, Berry G, Mock PA, MacLennan R, Truswell AS,
Brinton LA. Nutrients in diet and plasma and risk of in situ cer-
vical cancer. J Natl Cancer Inst 1988; 80: 580-585.

Wahlqvist ML, Lo CS, Plehwe W. A simple liquid chromato-
graphic method of measuring retinoic acid and retinol in human
serum. Proc Nutr Soc Aust 1989; 14: 88.

Kune GA, Kune S, Watson LF, Pierce R, Field B, Vitetta L,
Merenstein D, Hayes A, Irving L. Serum levels of B-carotene,
vitamin A, and zinc in male lung cancer cases and controls.
Nutr Cancer 1989; 12: 169-176.

Rabuco LB, Rutishauser IHE, Wahiqvist ML. Dietary and
plasma retinol and beta-carotene relationships in Filipinos,
non-Aboriginal and Aboriginal Australians. Ecol Food Nutr
1991; 26: 97-108.

Kune GA, Bannerman S, Field B, Watson LF, Cleland H,
Merenstein D, Vitetta L. Diet, alcohol, smoking, serum J-
carotene, and vitamin A in male nonmelanocytic skin cancer
patients and controls. Nutr Cancer 1992; 18: 237-244.

Fidanza F, Brubacher G, Simonetti MS, Cucchia LM.
Nutritional status of the elderly. III. Vitamin nutriture of
elderly pensioners in Perugia. Int J Vitam Nutr Res 1984; 54:
355-359.



176

P.IRELAND ET AL

25

26

27

28

29

30

31

32

33

34

35

36

37

Porrini M, Simonetti P, Ciappellano S, Testolin G. Vitamin A,
E and C nutriture of elderly people in North Italy. Int J Vitam
Nutr Res 1987; 57: 349-355.

Gerber M, Cavallo F, Marubini E, Richardson S, Barbieri A,
Capitelli E, Costa A, Crastes de Paulet A, Crastes de Paulet P,
Decarli A, Pastorino U, Pujol H. Liposoluble vitamins and lipid
parameters in breast cancer. A joint study in northern Italy and
southern France. Int J Cancer 1988; 42: 489494,

Bain C, MacLennan R, Ward M, Wahlqvist M, Macrae F,
Gaffney P, Lambert J, Gratten H, Battistutta D, Goulston K.
The Australian Polyp Prevention Project: design, follow-up,
and preliminary estimates of dietary compliance. Proc Nutr Soc
Aust 1990; 15: 80-87.

Wattanapenpaiboon N, Lo CS, Wahlgvist ML. Comparative
study of serum carotenoid levels in Caucasian and Japanese
women. Proc Nutr Soc Aust 1992; 17: 44,

Silbert PL, Leong LL, Sturm MJ, Strophair J, Taylor RR. Short
term vitamin E supplementation has no effect on platelet func-
tion, plasma phospholipase A, and lyso-PAF in male volun-
teers. Clin Exp Pharmacol Physiol 1990; 17: 645-651.

Lo CS, Wattanapenpaiboon N, Wahlqvist ML. Simultaneous
measurement of tocotrienols and tocopherols in human serum
by HPLC. Proc Nutr Soc Aust 1991; 16: 68.

Rubba P, Mancini M, Fibanza F, Leccia G, Riemersma RA,
Gey KF. Plasma vitamin E, apolipoprotein B and HDL-choles-
terol in middle-aged men from southern Italy. Atherosclerosis
1989; 77: 25-29.

Riemersma RA, Oliver M, Elton RA, Alfthan G, Vartiainen E,
Salo M, Rubba P, Mancini M, Georgi H, Vuilleumier JP et al.
Plasma antioxidants and coronary heart disease: vitamins C and
E, and selenium. Eur J Clin Nutr 1990; 44: 143-150.

Cashel K, English R, Bennett S, Berzins J, Brown G, Magnus
P. National dietary survey of adults: 1983 No. 1 Foods con-
sumed, Canberra, Australian Government Publishing Service,
1986.

Micozzi MS, Beecher GR, Taylor PR, Khachik F. Carotenoid
analyses of selected raw and cooked foods associated with a
lower risk of cancer. J Natl Cancer Inst 1990; 82: 282-285.
Aoki K, Tto Y, Sasaki R, Ohtani M, Hamajima N, Asano A.
Smoking, alcohol drinking and serum carotenoids levels. Jpn J
Cancer Res 1987; 78: 1049-1056.

Kaplan LA, Stein EA, Willett WC, Stampfer MJ, Stryker WS,
Reference ranges of retinol, tocopherols, lycopene and alpha-
and beta-carotene in plasma by simultaneous high-performance
liquid chromatographic analyses. Clin Physiol Biochem 1987;
5:297-304.

Stryker WS, Kaplan LA, Stein EA, Stampfer MJ, Sober A,
Willett WC. The relation of diet, cigarette smoking, and alcohol
consumption to plasma beta-carotene and alpha-tocopherol lev-
els. AmJ Epidemiol 1988; 127: 283-296.

38

39

40

41

42

43

45

46

47

48

49

50

Shibata A, Sasaki R, Ito Y, Hamajima N, Suzuki S, Ohtani M,
Aoki K. Serum concentration of beta-carotene and intake fre-
quency of green-yellow vegetables among healthy inhabitants
of Japan. Int J Cancer 1989; 44: 48-52.

Ascherio A, Stampfer MJ, Colditz GA, Rimm EB, Litin L,
Willett WC. Correlations of vitamin A and E intakes with the
plasma concentrations of carotenoids and tocopherols among
American men and women. J Nutr 1992; 122: 1792-1801.
Jdrvinen R, Knekt P. Seppinen R, Heinonen M, Aaran R-K.
Dietary determinants of serum B-carotene and serum retinol.
Eur J Clin Nutr 1993; 47: 3141,

Knekt P, Seppiinen R, Aaran R-K. Determinants of serum o-
tocopherol in Finnish adults. Preventive Medicine 1988; 17:
725-735.

Comstock GW, Menkes MS, Schober SE, Vuilleumier J-P,
Helsing KJ. Serum levels of retinol, beta-carotene, and alpha-
tocopherol in older adults. Am J Epidemiol 1988; 127:
114-123,

Krasinski SD, Russell RM, Otradovec CL, Sadowski JA, Hartz
SC, Jacob RA, McGandy RB. Relationship of vitamin A and
vitamin E intake to fasting plasma retinol, retinol-binding pro-
tein, retinyl esters, carotene, alpha-tocopherol, and cholesterol
among elderly people and young adults: increased plasma
retinyl esters among vitamin A-supplement users. Am J Clin
Nutr 1989; 49: 112-120.

Hirai K, Takagi E, Okuno Y, Nagata K, Tamura T, Nakayama
J, Rai SK, Sakya HN, Shrestha MP. The serum status of toco-
pherol and retinol and their relation to lipids in persons aged
10-72 in Nepal. Nutr Res 1993; 13: 369-378.

Russell-Briefel R, Bates MW, Kuller LH. The relationship of
plasma carotenoids to health and biochemical factors in mid-
dle-aged men. Am J Epidemiol 1985; 122: 741-749.
Riemersma RA, Wood DA, Macintyre CCA, Elton RA, Gey
KF, Oliver MF. Risk of angina pectoris and plasma concentra-
tions of vitamins A, C, and E and carotene. Lancet 1991; 337:
1-5.

Adams-Campbell LL, Nwankwo MU, Ukoli FA, Omene JA,
Kuller LH. Serum retinol, carotenoids, vitamin E, and choles-
terol in Nigerian women. J Nutr Biochem 1992; 3: 58-61.
Coates RJ, Eley JW, Block G, Gunter EW, Sowell AL,
Grossman C, Greenberg RS. An evaluation of a food frequency
questionnaire for assessing dietary intake of specific
carotenoids and vitamin E among low-income black women.
Am Epidemiol 1991; 134: 658-671.

Bolton-Smith C, Casey CE, Gey KF, Smith WCS, Tunstall-
Pedoe H. Antioxidant vitamin intakes assessed using a food-
frequency questionnaire: correlation with biochemical status in
smokers and non-smokers. Br J Nutr 1991; 65: 337-346.

James WPT, Bingham S, Cole TG. Epidemiological assess-
ment of dietary intake. Nutr Cancer 1981; 2: 203-212.



DETERMINANTS OF SERUM LEVELS OF RETINOL, B-CAROTENE AND o-TOCOPHEROL 177

Determinants of serum levels of retinol, B-carotene and o-tocopherol in men and women born in Australia, Greece
and Italy

P. Ireland, D. Jolley, G. Giles, J. Powles, K. O’Dea, J. Hopper, J. Williams and I. Rutishauser

Asia Pacific Journal of Clinical Nutrition 1994; 3: 169-177

BXA S A& KA A B o i ol AR B
B—H#kaFma— AT RFHRZTAL

wE

HEAEARXASERBREAT 764 LB EN s FRPTXABEGRAE
REHS AETRANFAEE  B—HAhafPho—LFTBWNAFoER
BR: hFAFTHRa—LFTRPHYRTFRARRYAERZR o BRMB AR
B—#EakTHliEEn 11-22 %ok B—HHhaFRFALMES
HREHNFRB S oA EARAEREE S—HEaEPa—L£FT8
ERBEAN o A BB FAREhag— L FTREILAN 2RLF
B—¥EaftZaAMo BN e EAENEIERN RS —HEGFLA
HAHohFoa—AFTmaRs s EE Ao rRERF L —HEG £
APEGFELAFEEMM o N L FAXTHEFRME Mo ERHRA -
HEL RBETIARHEAT X aFAEE N B—HAGEPa—4LFTHATY
REBF o






