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Biological variability in serum vitamin E
concentrations: relation to serum lipids

MICHAEL MAES,l,2,3* STEVEN WEECKX,4 ANNICK WAUTERS,5 HUGO NEELS,5 SIMON SCHARPE,4

ROBERT VERKERK,4 PAUL DEMEDTS,5 and ROGER DESNYDER’

The components of biological variation in serum vitamin E
in relation to serum cholesterol, triglycerides, high- and

low-density lipoprotein cholesterol (HDL-C, LDL-C), apo-

lipoprotein A-I (apo A-i), and apo B were examined in 26
healthy volunteers who had monthly blood samplings dur-
ing one calendar year. The estimated CVs for vitamin E

were: interindividual, 19.9%, and intraindividual, 11.9%;
the index of individuality (I-index) was 0.59. The I-indices

for all lipid variables were <OS!. Serum concentrations of
vitamin E, cholesterol, triglycerides, HDL-C, LDL-C, and

apo B were lower in spring than in the other seasons. The

peak-trough differences in the yearly variations, expressed
as a percentage of the mean, were for vitamin E 14.5%,

cholesterol 16.2%, triglycerides 14.5%, and LDL-C 24.3%.
A significant common annual rhythm was expressed in

vitamin E or lipid variables and in the changes in ambient

temperature the weeks before blood sampling (inverse
relations). There were highly significant positive time rela-
tions between serum vitamin E and cholesterol, triglycer-

ides, and apo B. Subjects with higher homeostatic setpoints
of cholesterol showed higher homeostatic setpoints of vi-

tamin E, triglycerides, LDL-C, and apo B.

INDEXING TERMS: chronobiology . variation, source of. season-

ality #{149}cholesterol . triglycerides . high-density lipoprotein

low-density lipoprotein #{149}apolipoprotein

Vitamin E (tocopherol) is a fat-soluble vitamin and an essential

nutrient for humans [1]. The major food sources of vitamin E
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are dietary fats, cereals, dairy products, vegetables, and seed oils

(e.g., corn and soybean oils) [1, 2]. VitaminE (orits isomers) is

transported with lipids by lymphatic vessels to the venous blood,
where it is distributed in association with lipoproteins [1].

Vitamin E is an antioxidant or free radical scavenger in cellular

membranes, halting the chain reaction of polyunsaturated fatty

acid peroxidation [1]. Vitamin E status may be evaluated by

measuring total vitamin E or a-tocopherol concentrations in the

serum by means of HPLC [1]. Ratalahti et al. [3] found lower
serum a-tocopherol concentrations in spring (April-June) and

peaks in fall (October-November). Other authors, however,
were unable to detect a significant seasonal variation in serum

cs-tocopherol concentrations [4]. However, the components of

biological (inter- and intraindividual) variation in serum vitamin

E have not yet been established. Therefore, there is no evidence

for the clinical utility of population-based reference ranges,

because (a) the index of individuality (i.e., intraindividual/
interindividual variability; I-index) is not determined [5-7] and

(b) whether reference ranges should be adjusted for time (e.g.,

seasons) in so-called “chronodesms” is unclear [81.6
The concentrations of vitamin E in serum vary depending

upon the amount of lipid present [1, 9]. Thus, the amount of

lipids determines the concentrations of circulating vitamin E in

the blood [1], whereas serum tocopherol concentrations corre-

late directly with total lipids and (3-lipoprotein concentrations

[9]. Therefore, an ideal approach for assessing vitamin E status

should include the measurement of lipid fractions [1].

The components of biological variation, including seasonal-

ity, in serum cholesterol, triglycerides, high- and low-density

lipoprotein-cholesterol (HDL-C and LDL-C), apolipoprotein
A-I (apo Al), and apo B have been studied. As reviewed

elsewhere [5, 7, 10], the I-index for serum cholesterol (0.33-
0.71), triglycerides, HDL-C, LDL-C, apo A-I, and apo B

(<0.75) has been shown to be low. Serum total cholesterol

concentrations show a clear seasonality, with lower concentra-

tions in midyear than in winter [11-13], a nonsignificant de-

Nonstandard abbreviations: I-index, index of individuality; apo, apolipopro-

tein; CV,, analytical CV; CV,, total CV; CVI, interindividual CV; and CV1,
intraindividual CV.
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crease from summer to winter [14], or peaks in winter with

troughs in summer [15-18]. Serum concentrations of HDL-C

or LDL-C are significantly higher in December or January than

in June or July [11, 16, 17]. Triglycerides decrease from winter

to fall [14], whereas in hypercholesterolemic patients peak values

are observed in midsummer and late autumn [Ii]. In Russia,no

significant seasonal variation was found in other lipid fractions,

such as apo A-I and apo B [19].
Seasonalrhythms in many human physiological functions are

probably relatedto genetically fixed processes (endogenous
rhythms), since these rhythms may continue after removal of all

environmental inputs [20]. These genetically determined

rhythms are probably adjusted in time by periodic environmen-

tal events, such as cycles in light-dark span, ambient tempera-

ture, or changes in the activity-rest pattern [20]. Phrased

differently, cyclic environmental factors may serve as entraining

agents or synchronizers for endogenous rhythms, modulating
rhythm parameters such as acrophase, mesor, or amplitude [20].

In this respect, the mean monthly cholesterol concentrations

were observed to be negatively correlated with mean monthly

air temperature [15].

Our goals were to (a) determine the components of biolog-
ical variation, including seasonality, in vitamin E and lipids such

as cholesterol, triglycerides, HDL-C, LDL-C, apo A-I, and apo
B; (b) quantify the within- and between-subject relations be-

tween vitamin E and the lipid variables; and (c) quantify the
relations between vitamin E/lipids and climatic factors.

Subjectsand Methods

SUBJECTS

The geographicalcoordinatesfor this study were 51 .2#{176}Nand

4.5#{176}Earound the cityof Antwerp, Belgium. Twenty-six healthy

Caucasian volunteers(13 men, 13 women; mean age 38.7 years,

range 23-69 years) were selected to participate in this study.

Inclusion and exclusion criteria for subjects are described in one
of our previous papers [21]. No one of the subjects took vitamin

supplements or cholesterol-lowering drugs or was on a low-fat

diet during the study. The subjects gave oral informed consent

to participate in the study in accordance with the ethical

standards of the Ethical Committee of the University of Ant-

werp, Belgium. The study span extended from December 11,

1991, until December 25, 1992. Seasons were defined by their
respective solstices and equinoxes: winter, December 21-March

20; spring, March 21-June 20; summer, June 21-September 20;

and fall, September 2 1-December 20. Cross-seasons were de-
fined as the periods (a) November 6-February 5, (b) February
6-May 5, (c) May 6-August 5, and (d) August 6-November 5.

METHODS

Blood collections were always performed under standardized

conditions to minimize sources of preanalytical variation [21].

After an overnight fast, an intravenous cannula was inserted at

0800 (± 30 mm) in the antecubital vein of the subjects, from
which 65 mL of blood was taken over 30 mm. The subjects

alwayshad blood collectedby the same investigator. Blood was

sampled each study month and was collected on 59 days during

the study. In premenopausal female volunteers, blood samples

were carriedout 5-10 days after the first day of the menstrual

cycle. Serum (400 .tL) was stored in two fractionsat -70 #{176}C

until thawed for assay of vitamin E or serum lipids. Blood

specimens from one subject were assayed for vitamin E, apo A-I,

and apo B in a single run with a single lot number of reagents

and consumables by one of us (S.W.). The other serum lipids

were assayed at the same time by A.W. We decided not to follow

the alimentary intake of each subject during the study span,
either by self-reports or by computing the mean caloric intake

and the quantity of fattyacids. Indeed, any attempt to follow the

alimentary intake may induce changes in eating behavior and,

consequently, in the actual, spontaneous seasonal rhythms,
which are expressed in vitamin E and the lipid variables.

Cholesteroland triglycerides were determined enzymatically

with dry chemistry technology (Ektachem 700 XRC; Kodak,

Vilvoorde, Belgium). Apo A-I and apo B were determined with

immunoturbidimetric assays on a Hitachi 911 (Boehringer

Tmnaquant#{174} a; Boehringer Mannheim, Brussels, Belgium).

Samples for HDL-C were initially precipitated by a phospho-

tungstic acid/magnesium ion solution and assayed for choles-
terol with the cholesterol oxidase-peroxidase anti-peroxidase

(CHOD-PAP) method on a Hitachi 911 (Boehringer test packs

for HDL-C and cholesterol). Vitamin E (a-tocopherol) was

determined by HPLC [22]. LDL-C was determined with the

formula proposed by Tietz [9].

The analytical interassay CV (CV,) was computed with
control samples included throughout the different runs. The

intraassay CV, values were computed from several control

samples that were assayed in duplicate in each run. Weather data

for the vicinity were taken at the Royal Meteorological Station

of Deurne, which is situated in the eastern part of Antwerp City,
and comprised mean daily atmospheric pressure (Pa), air tem-

perature (#{176}C),relative humidity (%),and minutes of sunlight per

day.

STATISTICS

The total variability(CV), total interindividualvariability

(CVtg), and totalintraindividualvariability(CV) were com-

puted from the sum of squares derived by means of ANOVAs

[6, 7, 21, 23]. The intraindividual CV and interindividual CVg

values were calculated from the CVI, and CVtg values with the

formulae [6, 7, 21, 23] CV2 = CVI2 - intraassay CV,2; and

CVg2 = CVtg2 - interassay CV,2. The I-index, i.e., the

CV1/CVg ratio, may be used to evaluate the usefulness of

conventional population-based reference values [7, 21].
Repeated-measures ANOVAs were used to investigate the

interindividual variability with gender and age (<35 years vs

�35 years) effects; the intraindividual variability with seasonal,

cross-seasonal,or monthly differences; and two- or three-way

interactionsbetween time and sex; time and age; and time, age,

and sex.Multiplea prioricomparisons among treatment means

(e.g.,seasonsor cross-seasons)were assessedwith the Dunn test.

A comprehensive review of the statistical procedures used to

measure seasonalitycan be found in our previous papers

[21, 24]. These procedures include spectral analyses of a single

time series or a group of time series in conjunction with multiple
regression analyses and univariate, bivariate, or multivariate
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cosinor fit analyses. Spectral analysis identifies all significant
rhythms by means of a significant signal-to-noise ratio in the

spectral peaks. F-statistics are generated as indicators of this

signal-to-noise ratio and are listed in a periodogram or F-

spectrum. Spectral analyses of single time series were performed

on the pooled time series of the 26 healthy subjects after

normalization of the vitamin E and lipid data relative to the

yearly mean of the monthly measurements in each of the

subjects. This normalization is done to eliminate the interindi-

vidual variability in the data. The F-spectra generated by group

spectral analysis were used to interpret whether common

rhythms are expressed in the time series of vitamin E or lipids in
the 26 volunteers. This study included the significant rhythms,

which were found in the time series, to compute a multiple-

component model. The total variance in the vitamin E or lipid
data, which is explained by the significant rhythms, is estimated

by means of multiple regression analysis, whereby the time

series of vitamin E or serum lipids are used as dependent

variables and the significant rhythms as explanatory variables.

This method allows the delineation of a multiple-component

model with estimates of orthophase (peak values) and the range
from peaks to lows in time series with different rhythmic

components, as well as the relative contribution of the signifi-

cant rhythms (separately or combined) in explaining the vari-

ance in the time series. The predicted values computed by

multiple regression analysis are used as an index of the estimated

cyclic signal in the time series.

The degree of synchronization between the time series of

serum vitamin E and the lipid data was investigated by means of

bivariate or multivariate cosinor analysis with assessment of

coherence between the time series and computation of the
common acrophase of two or more time series [21, 24]. Rela-
tions between vitamin E and the lipid variables were examined

by two types of regression analyses: (a) regressions pooled over

the time series of the 26 healthy persons (to eliminate interin-
dividual variability), which assesses the within-subject variability

in the data; and (b) regression analyses performed on the yearly

mean values of the variables in each of the volunteers, which

assesses the between-subject variability in the biological data.

Meteotropism (i.e., relations with atmospheric activity) in

vitamin E and lipid data has been investigated by means of (a)

bivariate cosinor analysis, applied to the vitamin E/lipid time

series and one or more climatic variables; and (b) regression

analyses pooled over the time series of all healthy persons (to

minimize the between-subject variability), whereby vitamin E or

the lipid data are entered as dependent variables and the climatic
variables as explanatory variables (i.e., ambient temperature,

sunlight duration, relative humidity, air pressure). To investi-

gate possible synergistic effects between two or more climatic
variables and memory effects of the weather [25], a multiple

regression model is used whereby present data together with

lagged climatic data are entered as explanatory variables in a

distributed lag model [26]. Time lags of the meteorological

variables of 1-4 weeks are entered in multiple regression

analyses as additional explanatory variables. Thus, 20 present

and lagged (1-4 weeks) climatic variables are used as explanatory
variables in an automatic stepwise (step-up, with an F-to-enter

of P = 0.05) multiple regression model. The results of multiple

regression analyses are checked for autocorrelation and cor-

rected if necessary [26].

Results
COMPONENTS OF BIOLOGICAL VAlUATION

The analytical inter- and intraassay CV, values obtained during

the study span were as follows: vitamin E, 5.49% and 2.73%;

cholesterol, 3.10% and 0.56%; triglycerides, 1.26% and 0.69%;

HDL-C, 4.77% and 3.40%; apo A-I, 4.08% and 1.20%; and apo

B, 5.52% and 0.68%, respectively. The CVI/CVg values were as

follows: vitamin E, 11.9%/19.9% (0.59); cholesterol, 9.2 %/

22.9% (0.40); triglycerides, 28.3%/55.3% (0.51); HDL-C,

10.5%/24.6% (0.43); apo A-I, 8.6%/19.0% (0.45); and apo B,

lO.0%/26.5% (0.38).
Table 1 lists the results of repeated-measures ANOVAs,

which considered the cross-seasons or the seasons as repeated

measures (Table 1 shows the most significant contrasts). Highly

significant seasonal or cross-seasonal differences were found in
vitamin E, cholesterol, and LDL-C. Weak but significant

seasonal or cross-seasonal differences were found in serum

triglycerides, HDL-C, and apo B. There were no significant

differences in serum apo A-I between the seasons, cross-seasons,

Table 1. Seasonal (S) or cross-seasonal (CS) differences in vItamin E or lipid serum concentration in 26 healthy volunteers
who had monthly blood samplings durIng one calendar year.

RM ANOVAS
Autumn Winter Spring Summer

Variables S or CS (Nov 6-Feb 5) (Feb 6-May 5) (May 6-Aug 5) (Aug 6-Nov 5) FvaIue df P.value

VitaminE, mol/L S 19.5 (4.9) 17.9 (42)b 18.6 (4.2)#{176} 19.7 (4.6) 12.2 3/277 <iO

Cholesterol, mmol/L S 6.32 (1.40) 5.75 (1.37) 5.26 (1.32)c 5.72 (1.48) 18.0 3/277 <iO
Triglycerides, mmol/L S 1.38 (0.71) 1.38 (O.70)d 1.22 (0.62)d 1.36 (0.82) 2.7 3/274 0.04
HDL-C, mmol/L CS 1.39 (0.36) 1.31 (0.35)e 1.39 (0.41) 1.36 (0.36) 4.5 3/272 0.004
LDL-C, mmol/L S 3.80 (1.32) 3.83 (1.27) 3.37 (1.24y 3.78 (1.37) 13.3 3/267 <iO
Apo A-I, g/L CS 1.48 (0.31) 1.44 (0.30) 1.44 (0.30) 1.45 (0.32) 1.5 3/278 0.2
Apo B, /L CS 0.96 (0.28) 0.93 (026)g 0.96 (0.28) 0.98 (0.29) 3.5 3/277 0.01

All results are expressed as mean (±SD).
a All results of repeated-measures (RM) ANOVAs with seasons (S) or cross-seasons (CS) as repeated measures, Significantly different from the other seasons: #{176}t =

5.6, P < i0-; t = 7,3, p < i0; d = 2.8, P = 0.006; t = 6.3, P < iO. Significantly different from the other cross-seasons: e1 = 3.4, p = 0.001; g = 2.8,

P = 0.006.
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Table 2. Results of 11. different multiple regression analyses with serum vItamin E or serum lipids as dependent variables
and the seasonal” rhythms or weather data as explanatory variables.

Dependent Regression
variables no. Significant explanatory vadables R2, % F df P

Vitamin E 1

2

366 (<10); 129 (0.01)

T4 (<10-a); -Hpl (0.0003); H4 (0.003)

12.9

13.6

11.2
14.5

4/301
3/277

<iOfl

<iOfl

Cholesterol 3

4

260 (<10-a); 53 (0.0001); 133 (0.001)

-TO (<10k); T2 (<10-a); Hp2 (<10)

19.1

15.6

11.7

17.1

2/296

3/277

<iO

<iOfl

Triglycerides 5 366 (0.008) 3.1 4.8 2/300 0.008

HDL-C 6

7

166 (0.001)

-Hp3 (0.0007); -H (0.04)

4.8

4.8

7.4

6.9

2/298

2/273

0.001

0.001

LDL-C 8

9

245 (<10-a); 53 (0.0005); 125 (0.002)

Hp2 (<10); T2 (<10-a); -TO (0.0001)

15.6

12.6

9.2

13.3

6/298

3/276

<iOfl

<iO

Apo B 10

11

366 (0.0007); 65 (0.03)

T2 (0.002)

6.2

3.5

4.9

9.9

4/301

1/279

0.001

0.002

a The significant explanatory variables in regressions 1, 3, 5, 6, 8, and 10 are the significant rhythms (in days) subtracted by means of spectral analyses; in

regressions 2, 4, 7, 9, and 11, these are the present and past climatic data: T, ambient temperature; H, relative humidity; Hp, air pressure; the numerals (0, 1, 2,

3, or 4) denote the time lag (in weeks). Regressions 1, 3, 5, 6, 8. and 10 are performed on the pooled time series of the biological data normalized relative to their
yearly means. Regressions 2, 4, 7, 9, and 11 show the outcome of pooled multiple regression analyses pooled over the time series of the 26 subjects. The exact
P-value of each explanatory variable is listed in the accompanying parentheses.

higher frequency) rhythms. Table 2 shows the outcome of

multiple regression analyses (regressions 1, 3, 5, 6, 8, and 10 in

Table 2) with vitamin E or the lipid variables as dependent

variables and the significant rhythms, which were determined by
means of spectral analysis, as explanatory variables. For example,

12.9% of the variance in vitamin E could be explained by two

Cholesterol(mmolIL) Temperature (C)

I\1\J’V’

0.6

0.4

0.2

0

-0.2

-0.4
-5

Dec21

0.04

0.02

0

-0.02

-0.06
Dec21

21 March21 June21 Sep21

-0.04
ILDL-C Templ

-10
Dec21
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or months. No significant time-sex, time-age, or time-sex-age
interactionswere found in any of these repeated-measures

ANOVAs. Women showed significantly higher serum HDL-C

(1.58 ± 0.36 mmol/L vs 1.13 ± 0.22 mmollL; F = 14.6, df=

1/22,P = 0.001) and apo A-I (1.62± 0.31 vs 1.27 ± 0.18 gIL;

F = 15.6, df = 1/22,P = 0.0009) than men. No significant

differences in the age groups (<35 years vs �35 years) were

found in any of the biological variables.

RESULTS OF SPECTRAL AND COSINOR ANALYSES

Group cosinor analyses of annual, biannual, 4-monthly,
3-monthly, and monthly rhythms performed on the 26 time

series of the 26 healthy volunteers showed significant annual
rhythms in vitamin E (F = 15.7, P <0.01), cholesterol (F = 8.6,

P <0.01), triglycerides (F = 4.9, P <0.05), LDL-C (F = 4.4, P

<0.05), and apo B (F = 6.3, P <0.01); and biannual rhythms in

HDL-C (F = 6.5, P <0.01) and LDL-C (F = 7.6, P <0.01).

Spectral analyses on the pooled time series of vitamin E and
the lipid data, which were normalized to the yearly means of the

study months for each volunteer, showed multiple seasonal (and

Vitamin E (pmol/L) Apo-B (gIL)

- 006

March21 June21 Sep21

Vit E Apo-B

Fig. 1. Yearly variation in serum vitamin E and serum apo B.

This chronogram shows the cyclic signals, subtracted by means of spectral
analysis performed on the pooled time series of the normalized data (normalized
relative to the yearly mean values in each subject).

-V.0 -lu
Dec21 March21 June21 Sep21 Dec21

Chol Temp

LDL-C (mmol/L) Temperature (C)
0.6 B 10

f\J\,\J\J\J\I

Fig. 2. Yearly variation in serum cholesterol (A) and in serum LDL-C (B)
and the yearly changes in ambient temperature.
These chronograms show the cyclic signals, subtracted by means of spectral
analysis performed on the pooled time series of the normalized cholesterol (A)
and LDL-C (B) data (normalized relative to the yearly mean values in each subject)
and on the changes in ambient temperature the last 2 weeks before blood
sampling.
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Table 3. lntercorrelatlon matrix.
Triglycerides HDL.C LDL-C Apo A.IVariables Vitamin E

Cholesterol 0.30 (<1O4)a

0.61 (0,001)b

Triglycerides 0.33 (<1O)
0.67 (0.0003)

HDL-C 0.18 (0.002)
-0.11 (0.6)

LDL-C 0.15 (0.007)

0.54 (0.004)

Apo A-I 0.18 (0.002)

-0.01 (0.9)

Apo B 0.48 (<10)

0.83 (<1O)

Cholesteroi

0.09 (0.1)

0.55 (0.004)

0.17 (0.003)

0.08 (0.7)

0.90 (<1O)

0.96 (<10)

0.29 (<1O)

0.18 (0.6)

0.61 (<10)

0.72 (0.0001)

-0.11 (0.06)

-0.23 (0.3)
-0.16 (0.007)

0.44 (0.02)

0.07 (0.2)

0.00 (0.9)

0.04 (0.5)

0.56 (0.003)

-0.07 (0.2)

-0.14(0.5)

0.62 (<1O)
0.94 (<10)

0.08 (0.2)

-0.38 (0.06)

0.07 (0.2)

-0.07 (0.7)

0.58 (<1O)

0.78 (<10)

0.12 (0.03)
-0.27 (0.2)

Ape-B (g/L)
Apo.B (g/L)

1828 Maes et al.: Vitamin E and serum lipids

Listed are Pearson’s product moment correlation coefficients: a pooled over the 26 time series of the 26 volunteers(within-subjectrelations); correlations between
the yearly mean values of the variables (between-subject relations).

significant rhythms, 366 days, or an annual rhythm, and 129

days, or a 4-monthly rhythm.
Figure 1 shows the cyclic signal in the time series of vitamin

E and apo B. Fig. 2 shows the cyclic signal in the time series of

cholesterol and that in LDL-C. The amplitudes of the yearly

variations, i.e., the range from change from trough to peak

values observed in the cyclic signal and expressed as a percentage

of the mean, were as follows: vitamin E, 14.5%; cholesterol,

16.2%; triglycerides, 14.5%; HDL-C, 6.6%; LDL-C, 24.3%;

and apo B, 9.5%.

SIGNIFICANT RELATIONS BETWEEN VITAMIN E AND LIPIDS

Table 3 shows the relations between vitamin E and the lipid

variables. This Table lists the results of two types of regression

analyses: (a) within-subject analyses, which assess the relations

over time between the variables (upper member of each pair of

correlation coefficients in the intercorrelation matrix); and (b)

Fig. 3. Time relation between serum vitamin E and serum apo B in 26
healthy volunteers who gave monthly blood samples during 1 year.
Shown is the correlation between the vitamin E and ape B values, which were
normalized relative to the yearly mean in each subject.

between-subjectanalysis,which assesses the relations between

the homeostatic setpoints during the study span. For example,
there were significant time relations between serum vitamin E

and each ofthe lipidvariables,but inparticular with cholesterol,

triglycerides,and apo B. Fig.3 shows the time relationsbetween

vitamin E and apo B. Multiple regressionanalysis pooled over

the 26 time seriesof the 26 subjects showed that 36.7% of the

within-subject variability in vitamin E was explainedby apo B
(F = 80.0, P <l0-), triglycerides (F = 40.8, P <10-), and

HDL-C (F = 19.7,P = 0.0001):overallregression,F = 47, df=

1/265, P <l0- (all three variables are positively loaded in the

regressionequation).

Table 3 shows that between-subjectcorrelationsbetween

vitamin E and cholesterol,triglycerides, LDL-C, and apo B
were significant.Fig. 4 shows the between-subject relation

between vitamin E and apo B. Multiple regressionanalysis

showed that80.7% of the between-subject variabilityin vitamin

Fig. 4. Between-subjectrelations between serum vitamin E and serum
apo B in 26 healthy volunteers.
Shownarethe yearlymeans of both variablesineachofthe subjects.
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respectively.

E is explained by apo B (F = 40.2, P <10-), triglycerides (F =

7.04, P = 0.01), and HDL-C (F = 5.9, P = 0.02) (overall

regression: F = 30.6, df = 3/22, P <l0; all three variables

were positively loaded in this regression equation; age and

gender were not significant). Other important correlations are

the significant positive within- and between-subject correlations

between HDL-C and apo A-I and between LDL-C and apo B.

There were also significant and positive within- and between-

subject relations between cholesterol and apo B.

Bivariate cosinor analyses showed a significant, common

annual rhythm in the time series of vitamin E and cholesterol

(F = 10.4, P <0.01; acrophase: September 29; coherence: F =

00.0, df = 1/610,P = 0.95); triglycerides (F = 9.9, P <0.01;

acrophase around September 9; coherence: F = 0.32, df

1/607, P = 0.6); LDL-C (F = 7.8, P <0.01; acrophase:

September 25; coherence: F = 0.00, df= 1/609, P = 0.95); and

apo B (F = 12.0, P <0.01; acrophase: August 13; coherence: F =

0.00, df = 1/610, P = 0.99). Multivariate cosinor analysis

showed that a common annual rhythm was expressed in the time

series of vitamin F, cholesterol, LDL-C, and apo B (F = 6.5, P

<0.01; acrophase around September 30; coherence: F = 0.00,

df= 3/1219, P = 0.99).

METEOTROPISM IN VITAMIN E AND LIPID VARIABLES

Table 2 shows the results of multiple regression analyses, which

were pooled over the 26 time seriesof the 26 volunteers,of

serum vitamin E or lipidvariables on climatic variables. An

important part of the variance (>10%) invitaminE, cholesterol,

and LDL-C was explained by the regression on climatic vari-

ables. Ambient temperature appears to be the most important

climatic predictor. The inclusion of present and past tempera-

ture in the final regression analyses (see cholesterol and LDL-C)

suggests that changes in ambient temperature over the last few

weeks may be related to changes in the lipid variables. There-

fore, we analyzed the relations between vitamin E or lipids and

temperature, i.e., present minus past (2 weeks) ambient tem-

perature. In accordance with one of our previous studies [27], we

found that a large part of the variance in itemperature (i.e.,

65.7%, F = 72, df= 8/299, P <10-) was explained by rhythms

of 366, 108, 46, and 57 days. Pooled regression analyses showed

significant inverse relations between Atemperature and vitamin

E (r = -0.17, P = 0.003), cholesterol (r = -31, P <10), and

LDL-C (r = -0.27, P <10-). Bivariate cosinor analyses

showed that significant synchronized annual rhythms were

expressed in the time series of ambient temperature (rotated by

180 #{176}C)and vitamin E (F = 35.9, P <0.01), cholesterol (F =

33.7, P <0.01), triglycerides, HDL-C, LDL-C, apo A-I, and

apo B (all P <0.01; the common “acrophases” of the peaks in

lipids and lows in ambient temperature were between October

5 and October 25; coherence: P-values between 0.11 and 0.99).

Bivariate cosinor showed no significant common rhythms in

vitamin E or lipid variables and relative humidity, air pressure,

or sunlight duration. Fig. 2 shows the time relations between

changes in ambient temperature, and cholesterol and LDL-C,

Discussion
COMPONENTS OF BIOLOGICAL VARIATION

CV and CVg values for vitamin E were 19.9% and 11.9%,

respectively (I-index = 0.59). Consequently, population-based

referencerangesare of virtually no use forthe interpretationof

vitamin E, since subjects with a low I-index may have vitamin E

values thatare very unusual for them but thatstillfall withinthe

population-basedreference limits [7, 23]. For example, subject 1

showed a vitamin E value in February (i.e.,18.6 tmoVL) that

was unusual for him (mean of the other months = 11.1 ± 1.2

.tmoVL) but that stillfellwithin the referencerange in our

laboratory(7.0-46.0 imol/L).
The estimated CVI/CVg ratios for cholesterol, triglycerides,

HDL-C, apo A-I, and apo B are comparable with those pub-

lished by other authors and summarized by Fraser [5] and Libeer

[7]. Thus, in our study, the CV/CVg index for cholesterol was

0.40. This value is comparable with those obtained in previous

studies, i.e., I-index 0.33-0.71 [5, 7, 8, 28-32]. The CVi/CVg
values for serum triglycerides (28.3%/55.3%) and HDL-C

(10.5 %/24.6%) are comparable with those obtained in previous

long-term (i.e., more than some months) prospective studies
[5, 7, 28-32]. The present study and previous studies showed a

low I-index for apo A-I as well as apo B (<0.75) [30-32].

Therefore, ours and the above studies suggest that population-

based reference ranges are of more limited use for the correct
interpretation of serum lipid concentrations [7, 23]. However, a

metaanalytical study [33] showed that the mean CV values were

6.1% for serum cholesterol, 7.4% for HDL-C, and 22.6% for

triglycerides. Our mean CV values are somewhat higher than

the mean CV values in the metaanalysis. Estimates of the

average CV1 values for the above serum lipids differed substan-

tially among the published studies. As explained [33], several

factors may account for this variability, such as differences in

human populations sampled, analytical methods, study design,

or random error.

SEASONAL VARIATION IN VITAMIN E AND LIPID FRACTiONS

A major finding of the present study is that vitamin F, choles-

terol, LDL-C, and apo B exhibit a significant yearly variation
with annual and 4-monthly rhythms, which are expressed as a

group phenomenon. A significant part of the variance (>10%)
in vitamin E, cholesterol, triglycerides, and LDL-C could be

explainedby seasonalrhythms, such as annual and 4-monthly
rhythms. The range of the yearly variationwas as largeas 14.5%

for vitamin F, 16.2% for cholesterol,14.5% for triglycerides,
24.3% for LDL-C, and 9.5% for apo B; it was only 6.6% for

HDL-C, whereas no significant seasonality was detected in apo

A-I. Overall, there was a trend ofvitamin E, cholesterol, apo B,

HDL-C, LDL-C, and triglyceridesto be lower in the period

January-March-May than in August-September-November.

These findings extend those of Ratalahti et al. [3], who found
lower serum a-tocopherol in April-June than in October-

November. Olmedilla et al. [4], on the other hand, were unable

to detect significant seasonal differences in serum a-tocopherol.

The results of the present study corroborate the findings of
previous studies that serum cholesterol concentrations are lower

in midyear or summer than in winter [11-13, 15-18]. Also, our
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resultsfor serum triglycerides,HDL-C, and LDL-C concur

with those of previous researchgroups who observed higher

lipidfractionsin December or January than in June or July
[11, 14, 16, 17, 19].

New applications in clinical chemistry involve the use of

yearly variations in the adjustment of population-based refer-

ence ranges for time in “seasonal or cross-seasonal” chro-
nodesms [8, 34, 35]. In theory,the higher-amplitudevariations

in vitamin E, cholesterol, or LDL-C, for example, could have

clinical implications since reference ranges should be adjusted

for time. However, population-based reference ranges are not

very useful for either vitamin F or the lipid fractions because the

I-index is too low. Because a significant part of the variance in

serum vitamin E, cholesterol, triglycerides, and LDL-C is

explained by seasonal rhythms, the latter should be taken into

account when (a) evaluating serum vitamin E and the above

lipids in a group of subjects as well as in individuals, (b)

comparing the above variables between healthy volunteers and

patients, and (c) performing epidemiological studies on serum

lipids in relation to human disease.

RELATIONS BETWEEN VITAMIN E AND LIPIDS

Serum vitamin E showed significant time relations (within-

subject) with serum lipid fractions, such as cholesterol, triglyc-

erides, LDL-C, and apo B. A large part of the within-subject
variability over time in vitamin E (36.7%) appeared to be

determined by changes over time in serum lipid fractions (apo B,

triglycerides, HDL-C). Most importantly, a common annual

rhythm was expressed in the time series of vitamin E and either

cholesterol, triglycerides, LDL-C, or apo B. This may suggest

that the yearly variation in vitamin F is, in part, determined by
changes over time in the above lipid fractions. Indeed, the

concentrations of vitamin F in serum vary depending upon the

amount of lipids, which appears to have a determining role on

the concentrations of circulating vitamin F [1].

In the between-subject analyses, statistically highly signifi-

cant correlations were found between serum vitamin E and

serum cholesterol, triglycerides, LDL-C, and apo B. Phrased

differently, subjects who exhibit a higher homeostatic setpoint
(computed on a yearly basis) of serum vitamin E also show

higher homeostatic serpoints in the above serum lipids. These

findings suggest that there are important differences in the

homeostatic setpoints of serum vitamin E in healthy volunteers

and that these homeostatic setpoints are largely determined by

differences in the homeostatic setpoints of lipid metabolism.

WEATHER VARIABLES, VITAMIN E, AND LIPID FRACTIONS

The present study showed that an important part of the

intraindividual variability in vitamin F, cholesterol, and LDL-C

(12.6-15.6%) was explained by weather variables. We found

that changes in ambient temperature the weeks before blood
sampling were the most important predictors of time alterations

in serum vitamin F and lipids and that the annual changes in

these variables were inversely synchronized with the annual

changes in ambient temperature (see Fig. 2). This suggests that
serum concentrations of vitamin E and lipids may respond to

short-term changes in ambient temperature and, consequently,

that it takes a period of time (2 weeks) for ambient temperature

to affectthesebiologicalvariables(theso-calledmemory effect).

These findingsextend those of Robinson et al.[15], who

observed that the mean monthly cholesterol concentrations

were negativelycorrelatedwith mean monthly air temperature.

The findings support the view thatenvironmental factors,such

as short-term alterationsin the weather, may modulate the

seasonal variation in lipids and, consequently, in vitamin F.

Another possibilityisthatphysical activity is more pronounced

in certain periods of the year and could affect serum lipids.

However, some authors found that physical training may de-

crease or increase serum cholesterol, LDL-C, HDL-C, and

triglycerides, whereas others were unable to find any significant

effects [36]. Moreover, one could argue that seasonal variation in

serum vitamin F and lipids may, in part, reflect the seasonal

variation in dietary habits.

There is, indeed, some evidence that a progressive increase in

caloric, protein, and lipid intake occurs from spring to summer

in young female students in the south of France [37]. The

highest fat intake was observed in summer, followed by winter;

intermediate values were observed in autumn, and trough values

in spring [37]. Debry et al. [38] found a peak fat intake in

summer in young children. The above patterns in food and fat

intake coincide with the chronograms of serum lipid and vitamin

E concentrations in the present study. Sargent [39] suggested

the existence of a biphasic annual rhythm in food intake, with a
first activity phase from April to October and a second inactivity
phase from October to April; during the first phase, tissues use

sugar as energy and increase their fat contents, which are used in
the second phase. Mejean et al. hypothesize that this seasonal

variation in food and fat intake reflects an old mechanism that

mimics that of hibernation in lower animals [37]. Thus, the

seasonal variation in serum lipid and vitamin E concentrations

and fat intake may be genetically determined and may be a

function of nutritional requirements [37]. Moreover, the results

of the present study suggest that short-term changes in atmo-

spheric activity (e.g., ambient temperature) may synchronize

some of the above annual rhythms in vitamin E or lipid

fractions.
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