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ABSTRACT We studied the seasonal variation in serum
concentrations of 3-carotene and a-tocopherol (HPLC) in 17 247
Finnish men who smoked. Month of blood sampling was a sta-
tistically significant determinant of serum concentration of 8-
carotene in a regression model including age, body mass index,
alcohol and fat intakes, total serum cholesterol, and daily cig-
arettes as covariates. The serum concentrations were lowest in
April-June and highest in October-November. The 1.5-fold in-
crease in the serum concentration of S-carotene during the fall
reflects the seasonality of dietary sources of carotenoids in
Finland. The serum concentrations of a-tocopherol demon-
strated no seasonal variation but remained close to 27.6 umol/
L throughout the year. The results indicate that the seasonal
variation of serum concentrations of 8-carotene should be taken
into account in long-term studies in which comparison of groups
or individuals is based on serum concentrations. Am J Clin
Nutr 1993;57:551-6.
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Introduction

Assuming that the physiological functions of antioxidants are
dependent on their concentrations in body fluids and tissues,
knowledge of factors affecting those concentrations is essential
in attempting to use antioxidants as preventive or therapeutic
agents. The serum concentration of certain antioxidants, such
as B-carotene, reflects among other things dietary intake (1). The
variation in serum concentration of S-carotene can be related
to differences in the amount of substrate in stable diet or to the
seasonality of dietary sources. On the other hand, serum con-
centrations of a-tocopherol, another antioxidant, appear to be
much less sensitive to changes in dietary intake, though diet is
an important determinant of serum concentration (2). The pur-
pose of this study was to investigate the degree of seasonal vari-
ation in the serum concentrations of 3-carotene and a-tocopherol
in Finnish men.

Subjects and methods

The subjects were participants of the Alpha-tocopherol, Beta-
carotene Lung Cancer Prevention Study (ATBC study) (3), who
were randomly recruited during a 2-y period from 1985 to 1987.
The study was approved by the ethical committees of the Na-
tional Public Health Institute of Finland and the National Cancer

Institute of the United States. The vitamin concentrations of
17 247 men were available for this study. At the beginning of
the ATBC study the members of the all-male study population
were Finns aged 50-69 v, smoked at least five cigarettes per day
and were free of cancer. Background information, medical and
dietary histories, and a blood sample were collected at baseline
of the study. Serum from all men whose blood was drawn during
a given month contributed to the mean serum concentration of
that month. No men were enrolled, and thus no samples were
collected, in July.

Before the blood sampling the men were asked to fast for 12
h. Blood was collected into 10-ml. heparinized vacuum tubes
between 0800 and 1100 each day. After centrifugation at 1100
X g for 10 min at room temperature, scrum was transferred
to glass freezer tubes and stored at —70 °C until analyzed. To-
tal serum cholesterol was determined enzymatically (choles-
terol CHOD-PAP method, Monotest Cholesterol Kit from
Boehringer-Mannheim, Germany).

Alpha-tocopherol and g-carotene were determined by using
an HPLC assay (4). A reversed-phase column (octadecylsilica)
was used for the simultaneous determination of the vitamins by
using isocratic elution with methanol as the single eluant. The
vitamins were extracted with n-hexane from the aqueous serum
solution in which the proteins had been precipitated with ethanol.
The n-hexane phase was evaporated in vacuum and the vitamins
were redissolved in ethanol and a portion was injected in the
liquid chromatograph. The light absorption of the compounds
was measured with a diode-array detector at wavelengths 450
nm for carotenoids and 292 nm for a-tocopherol and tocol. The
amounts were calculated by using echinenone at 450 nm and
tocol at 292 nm as internal standards. The heights of the chro-
matographic peaks were used in the calculations. All manipu-
lations were carried out in yellow light to avoid photoisomeri-
zation of the compounds. The between-runs CV was 0,036 for
B-carotene and 0.022 for a-tocopherol.
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Dietary intakes of g-carotenc and a-tocopherol were calcu-
lated. by using recently analyzed food-composition data (3, 6),
from a food-use questionnaire covering the habitual consump-
tion of > 300 food items for the past 12 mo. This method, mod-
ified from dietary history, facilitates a qualitative assessment of
individual diet over a period of 1 vy beforc entry into the
study (7).

Statistical analyses

Analysis of covariance was used to study dependence between
serum S-carotene and a-tocopherol concentrations and month
of blood sampling (8). Age. body mass index {BMI; in kg/m%),
serum cholesterol (mmol/L), number of daily cigarettes, and
daily intakes of fat (g) and alcohol (g) were used as confounding
variables in every model. These variables were chosen on the
basis of prior studies (2, 9-12). Also, daily vitamin E intake for
serum a-tocopherol and daily B-carotene intake for serum 3-
carotene were used as explanatory variables.

Adjusted means for serum vitamins were calculated according
to Willett's (13) energy-adjustment approach. First, a regression
model with confounders and vitamin intake as the independent
variables and serum vitamin concentration as the dependent
variable was calculated. Population means of serum vitamin
values were added to residuals of this model to get adjusted
values.

Results

The characteristics of the study population are presented in
Table 1. Beta-carotene supplements were used by 169 (1%) and
vitamin E supplements by 1460 (8.6%) participants. Doses of
supplemental §-carotene ranged from 0.2 to 18 mg/d (5.8 £21
mg/d, ¥ + SD) and those of vitamin E (as d-a-tocopherol cquiv-
alents) from 0.4 to 471 mg/d (25.3 * 41.4 mg/d).

Month of blood sampling was a statistically significant deter-
minant of serum concentration of 3-carotene in a regression
model including age, BMI, alcohol and fat intakes, total serum
cholesterol. and number of daily cigarettes as covariates (Table
2). In this model, June was chosen as the reference (fixed) month
because the serum concentrations were the lowest in June. The

TABLE |
Characteristics of the study population®
X+ SD
Age (V) 576 £5.0
BMIT 26.1 £ 3.7
Smoking (cigarettes/d) 20.8 £ 9.0
Diet
8-carotene (mg/d) 2.1+ 1.5
Vitamin E (mg/d) 11.9£59
Alcohol (g/d) 18.8 £22.0
Fat (g/d) 122.8 + 40.6
Serum
8-carotene (umol/L) 0.40 £ 0.35
a-tocopherol (umol/L) 279+ 7.9
Cholesterol (mmol/L) 63+ 1.2

*p= 17 247.
+ BMI, body mass index; weight (kg)/height (m)~.

TABLE 2
Regression model of serum g-carotene (umol/L) and certain factors*
Beta X 10001 SEt Partial r>

Age () ~(.49 0.52 0.0001
BMI§ -10.3 0.69 0.013
Smoking (cigarettes/d) —2.16 0.30 0.0031
Serum cholesterol (mmol/L) 495 2.19 0.029
Dietary alcohol (g/d) -3.04 0.12 0.036
Dietary fat (g/d) 0.34 0.06 0.0017
Month of blood sampling|! — - 0.015

January 47.2 19.1

February 49.4 19.3

March 46.3 18.9

April 229 18.9

May 14.7 19.0

June¥ 0.0 0.0

July** - -

August 82.5 20.0

September 113.6 18.6

October 129.2 18.7

November 116.3 19.0

Deccmber 78.2 19.7

* =17 247.

+ The actual beta’s have been multiplied by 1000 to make the nu-
merical values easier to compare.

1 SE, standard error of beta (multiplied by 1000).

§ Weight (kg)/height (m)*.

|| In the model as a categorical variable: its 8 value was fixed t0 0.0.

1 Reference variable in the model.

** No sampling in July.

other 10 mo of blood sampling were included into the model
as independent indicator variables.

Adding daily intake of 3-carotene as calculated from the di-
etary-history questionnaire into the regression model did not
decrease the statistical significance of the month of blood sam-
pling nor did it increase the proportion of variance explained
by the model. Similarly, removing all participants consuming
j-carotene supplements or adding into the model any supple-
mental doses of B-carotene the men reported using did not
change the results.

Mean monthly serum g-carotene concentrations showed sea-
sonal variation with lowest (0.33-0.36 umol/L) values in April-
June and highest values (0.45-0.47 pmol/L) in September—No-
vember (Table 3). BMI. total scrum cholesterol, number of daily
cigarettes, and daily intakes of alcohol and fat did not change
the seasonal pattern when the means for age were adjusted (Table
3). The scasonality pattern was very similar for 2 consecutive
years when the year and month were used as determinants of
the sampling time (Fig 1). Variance of the serum concentrations
of B-carotene became noticeably large during June 1987 because
of the small number of men (7 = 42) and few individuals with
high serum concentration.

The main data available for this study allowed evaluation of
seasonal changes between but not within individuals. The latter
approach was used in a small subgroup of participants (1 = 66)
whose bascline sample had been taken in May and follow-up
sample during the months of October, November, or February
and who received no study supplementation with §8-carotene.
The differcnces between the monthly means of serum concen-
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TABLE 3
Unadjusted and adjusted serum S-carotene concentrations
by month of blood drawing

Unadjusted Adjusted*
Month X+ 8D x+SD
umol/L

January (n = 1666) 0.38 £ 0.31 0.38 £ 0.30
February (n = 1449) 0.38 £0.33 0.38 + 0.31
March (n = 1845) 0.38 +£0.36 0.38 = 0.34
April (n = 1818) 0.36 £ 0.31 0.35 +0.30
May (n = 1748) 0.35 +0.34 035033
June (n = 376) 0.33 + 0.31 0.33 + 0.30

Julyt — — - —
August (n = 1090) 0.42 +0.30 041 = 0.28
September (n = 2212) 0.45 = 0.29 0.45 +0.27
October (r = 2120) 0.47 +0.36 0.46 = 0.34
November (n = 1712) 0.45 £ 047 0.45 £ 0.45
December (n = 1211) 0.42 + 042 0.41 +0.33

* Adjusted for age, BMI, serum cholesterol, number of daily cigarettes,
and daily intake of alcohol and fat.

+ No blood sampling was done because July is a popular vacation
month in Finland.

trations within individuals support the results obtained from the
main data of this study (Table 4). Serum concentrations of 8-
carotene rose from May through November and remained cle-
vated in February.

The monthly means of serum S-carotene in the tertiles of 8-
carotene intake demonstrated similar seasonal variation as in
the combined group (Fig 2), though the decrease in spring and

TABLE 4

Serum f@-carotene concentrations at baseline and during follow-up
among men whose baseline sample was taken in May and follow-up
sample in October, November, or February

Follow-up Difference*
Baseline
¥+ SE Month X+ SE Observed  Expectedt
wmol/L
028 +0.03(n=21) Ot 0.48 = 0.09 0.20 0.12
0.35£0.06(n=14) Nov 0.54 + 0.09 0.19 0.11
028 £0.02(n=31) Feb 0.37 + 0.03 0.09 0.03

* Follow-up value minus baseline value,
+ Based on unadjusted monthly means between individuals (Table 3).

increase in autumn were not as clear in the lowest intake tertile.
Serum concentrations went down in April-June and increased
during autumn. The monthly means of serum concentrations
in each intake tertile retained their position in respect to the
other tertiles. Thus, for each month, the men in the lowest intake
tertile had the lowest serurn concentrations, the men in the mid-
dle tertile had intermediate concentrations, and the men in the
highest tertile had the highest serum concentrations of 3-carotene
compared with the men in the other intake groups. In similar
regression models as described previously, the month of blood
sampling was a statistically significant determinant of serum -
carotene concentration in each of the intake tertiles. The inter-
action term of dietary 8-carotene and month of blood sampling
was not statistically significant in these models.

The serum concentrations of a-tocopherol demonstrated no
seasonal variation whatsoever but remained close to 27.6 pmol/
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FIG 1. Mean serum S-carotene concentrations by year and month of blood sampling. The bars around the means
denote 95% confidence interval of the mean (2 X SE). No blood was coliected in July. The number of men per month

ranged from 42 in June 1987 to 1260 in March 1987.
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FIG 2. Mean serum j-carotene concentrations by month of blood sampling in tertiles of @-carotene intake. No
blood was collected in July. (——), lowest intake tertile; (- -« « ), middle intake tertile; and (---- - ), highest intake
tertile.

L throughout the year (Fig 3). The serum concentrations in the
tertiles of vitamin E intake also manifested no clear seasonal
patterns, based on the month of blood sampling (Fig 4). Similar
to f-carotene, the serum concentrations of a-tocopherol corre-
lated with vitamin E intake (r = 0.21 for both). Thus the men

in the lowest intake group had the lowest serum concentrations,
the men in the medium intake group had intermediate serum
concentrations, and the men in the highest intake tertile had the
highest serum concentrations of a-tocopherol when compared
with the other intake groups.
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FIG 3. Mean serum a-tocopherol concentrations by month of blood sampling. The bars around the means denote
95% confidence interval of the mean (2 X SE). No blood was collected in July.
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FIG 4. Mean serum a-tocopherol concentrations by month of blood sampling in tertiles of e-tocopherol intake. No

blood was collected in July. (—--), lowest intake tertile; (

Discussion

Dietary intake has been shown to be one of the major deter-
minants of serum B-carotene (1, 9). Changes in dietary intake
of green-yellow vegetables have been shown to be positively as-
sociated with changes in serum concentrations of §-carotene
(14). The increase in the serum concentration of 3-carotene dur-
ing autumn, in this study, reflect the seasonality of dietary sources
of carotenoids in Finland. Other studies addressing this issue
are few and from various parts of the world (11, 15-18). Although
comparisons with these earlier works are difficult because of
major differences in food supply, culture, and seasonal changes,
they too attribute the fluctuations in serum concentrations to
variations in food consumption.

The increase in serum concentrations of S-carotene during
the months of August through November most probably reflects
the fact that at least a proportion of this study population con-
sisted of opportunistic vegetable consumers. These are men who
normally eat relatively small amounts of vegetables such as car-
rots, spinach, sweet pepper, and lettuce, but who increase their
intake as supplies increase and prices decrease during the fall.
Many of the men normally consuming low or moderate amounts
of vegetables are more prone to take advantage of better avail-
ability of these foodstuffs. Also, those men who grow their own
vegetables have an ample supply during the months after harvest.

Changes in the serum concentration of S-carotene within in-
dividuals have 1o be interpreted cautiously because of the small
number of men in this subsample. The results, however, lend
further support to the seasonal pattern of serum concentrations
and the possible seasonality of intake. Cantilena et al (18) recently
reported that they observed no within-person seasonal variation
among the 29 subjects in their study. One reason for this could
be lack of variability in dietary intake, which they were unable
to report, during the different seasons. The fact that men in each

), middle intake tertile; (- -—- - ), highest intake tertile.

of the intake tertiles demonstrated a similar monthly fluctuation
in serum concentrations supports the possibility of similar sea-
sonal consumption pattern regardless of the intake amount.

Dietary intake of 3-carotene and other nutrients, as measured
by the method used in our study, did not explain the fluctuation
in the serum concentrations. Even though the dietary infor-
mation was collected on the same day as the blood sample, the
calculated measures of intake shouid not reflect the diet of that
particular season because the dietary method was designed to
provide a quantitative assessment of individual diet over a period
of 1 v. The results of this study implicate that it indeed meets
this objective.

However, other sources of information on the Finnish diet
(19, 20) indicate that the variation in serum concentrations of
B-carotene coincides with that of 3-carotene intake. It is of in-
terest that Ziegler et al (21) found carotenoid intake in winter
and fall to be ~66% of that in summer and spring in the North-
eastern parts of the United States. The pattern thus appears to
be different in Finland, where vegetables contribute ==85% of
the total dietary j$-carotene and carrot alone some 70% (20).
Reasons for these differences between various parts of the world
most probably include, in addition to diverse dietary habits,
contrasts in climatic conditions and food-distribution systems.

Another quite interesting explanation for the monthly fluc-
tuations observed in the serum concentration of S-carotene is
the seasonal changes in the amount of ambient daylight. Light
has been shown to reduce plasma carotenoid concentrations in
human subjects (22). In this experimental study, photodegra-
dation was induced with controlled light exposure of mainly
ultraviolet-A irradiation and mean plasma carotenoids were re-
duced by 0.16 pmol/L. The seasonal pattern of ambient light is
very pronounced in Finland. The amounts of both global ra-
diation (MJ/m?) and sunshine duration (h) are lowest in De-
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cember-January, increase almost linearly during spring, reach
maximum amounts in May-July, and decline again linearly
during the fall (23). These changes, together with the variation
in intake, could very well be reasons for the seasonal pattern of
serum §-carotene concentrations in this study.

Dietary intake has also been shown to be a significant predictor
of serum w-tocopherol concentrations (2, 24). Serum concen-
trations of a-tocopherol do not, however, respond to changes
in intake as readily and strongly as those in S-carotene {25, 26).
Data on seasonal variation of serum concentrations for this nu-
trient are scant. Contrary to our results, one study did report
seasonal variation with higher serum concentrations of «-to-
cophero} in the autumn than during other seasons (10). This
study, which was also conducted in Finland, attributed the au-
tumnal rise with the increased supply of fresh vegetables and
high a-tocopherol content of certain foodstuffs (6). Our dietary
data indicated no seasonal changes in the intake of vitamin E.
Other reports on the determinants of serum a-tocopherol con-
centrations do not address the issue of seasonal differences (27,
28). Comstock et al (29) observed no association between serum
concentrations and month of blood sampling, but their obser-
vation period was limited 1o only 3 consecutive months.

In conclusion, the results of this study indicate that the serum
concentrations of §-carotene, but not a-tocopherol, can be de-
pendent on the month of blood sampling. The possibility of
seasonal variation should be taken into account when conducting
long-term studies in which comparison of groups or individuals
is based on serum concentrations. R
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