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Association Between Serum a-Tocopherol and
Serum Androgens and Estrogens in Older Men

Terryl J. Hartman, Joanne F. Dorgan, Jarmo Virtamo,
Joseph A. Tangrea, Philip R. Taylor, and Demetrius Albanes

Abstract: There is evidence supporting a role for sex hor-
mones in the eticlogy of prostate concer. Supplementation
with a-tocopherol reduced prostate cancer in the a-Tocoph-
erol, B-Carotene Prevention Study (ATBC Study). The objec-
tive of this study was to assess the relation of baseline levels
of serum a-tocopherol and serum sex hormones in older
men. A cross-sectional analysis of serum a-tocopherol and
sex hormone concentrations was conducted within a subset
of the ATBC Study. Serum was collected in the morning after
an overnight fast at baseline from 204 men ages 50-69 vears
participating in the ATBC Study and free of prostate cancer,
Hormones were measured by radioimmunoassay, and a-to-
copherol was measured by high-performance liquid chroma-
tography by standard procedures. Multivariate linear
regression was used to evaluate the association of serum
a-locopherol with nine androgens and estrogens after con-
trolling for age, body mass index, hormone assay batch, and
serum cholesterol. Serum g-tocopherol was significantly in-
versely associated with serum androstenedione, testoster-
ong, sex hormone-binding globulin, and estrone. The
difference in hormone concentration per milligram of a-to-
copherol was [.8-2.6% for these four hormones. These re-
sults indicated that a-tocopherol is related 1o concentrations
of several sex hormones in older men and may have impli-
cations for the observed protective effect of supplemental
vitamin E in relation to prostate cancer in the ATBC Study.

Introduction

Although prostate cancer is one of the most common
cancers afflicting men in the Urited States and Western
Europe (1), few risk factors other than age, race, and family
history have been idenufied. In the a-Tocopherol B-Carotene
Cancer Prevention (ATBC) Study, supplementation with -
tocopherol (vitamin E} resulted in an unexpected 32% re-
duction in the incidence of prostate cancer (2,3) and a 41%
reduction in mortality from the disease. The relation of -

tocopherol to sex hormones is of interast because of evidence
supporting a role for sex hormones in the ztiology of prosiate
cancer. Although resulis of epidemiclogical studies of serum
hormones in relation to prostate cancer are inconsistent (4-
18}, in the largest prospective analvsis to date, Gann and
colleagues (17) reported a significant positive association
for testosterone and a significant inverse association for es-
tradiol with prostate cancer risk. Furthermore, suppression
of androgen production by the testis and adrenal cortex de-
hydroepiandrosterone sulfate is an effective pharmacoleg:cal
therapy for prostate cancer (19). In amimal modeis, prisuate
tumors can be induced by prolonged administration cf tes-
tosterone, and this efizct is enhanced v estrogens (20

We conducted a cross-sectional anaivsis of baseline se-
rum sex hormone and serumn wo-toccrnerol concenrrations
within a subset of the ATBC Study -opulation who were
free of prostate cancer to assess whether there is a relauen-
ship between serum :ex hormones and serum o-tocernerai
and. thus, to evaluate the potential for serum «-tocopnerol
to modulate serum sex hormone conczatrations.

Subjects and Methods

Sample Population

The sample population for this cress-sectional analvsis
consisted of men who participated in the ATBC Stwudyv and
were selected as conwrols for a nested case-control study of
serum sex hormones and subsequent Zevelopment of pros-
tate cancer {21). The ATBC Study was 1 farge, randomizad.
double-blind, placebo-controlled prevantion trial to deter-
mine whether daiiv supplementaticn with a-tocopherol
and/or B-carotene would reduce the incidence of lung or
other cancers. The studv was conducted in Finland berween
1985 and 1993 as a jomnt project betwesn the National Public
Health Institute in Finland and the US National Cancer In-
stitute.
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The overall design and initial results of the ATBC Study
have been published (2.22). Briefly, 29,133 male smokars
between 50 and 69 vears of age were recruited from south-
western Finland betwszen 1985 and 1988 and randomly as-
signed tc cne of four groups based on a 2 x 2 factorial
design. Paricipants received 50 mg/dav w-tocopherol ras
di-ci-tocopheryi acetatz . 20 mg/dav B-carotene, both o-io-
copherol and B-carotene. or placebo. Active follow-up con-
tinued for five to eight years until death or 30 April 1993
During this time, 246 prostate cancers were diagnosed. Of
these, 116 were randcmiv selected for inclusion in a pro-
spective nested case-control study of serum sex hormones
and risk of prostate cancer (21). Two controis were selected
for each case in the nested case-control study, Controls were
altve and the same age (=1 yr) as the case on their date of
diagnosis and were free of any known cancer other than
possibie nonmelanoma skin cancer for the duration of fol-
low-up. Controls were also matched to cases by date of
baseline blood collection (228 days), intervention group.
and study center. With uvse of incidence density sampling.
a total of 231 men were chosen to be controls in the studv
of serum sex hormones and prostate cancer risk. The present
study includes 204 of these men who had fasted eight or
more hours efore the time of their baseline blood collection.

Data Collection

At baseline, study parucipants completed a demographic
and general medical hisiory questionnaire and a food fre-
quency f{user questicnnaire. and height and weight werz
measured. Blood was collected in the morning after an over-
night fast. Ninety-five percent of baseline blood samples for
the cohort were collected before 10 AM. Serum was sepa-
rated into !-mi aliquots and stored in glass vials at —=70°C
for future analysis.

Serum c-tocophercl was determined by high-perform-
ance liquid chromatography (HPLC) (23) in the chemistrv
laboratory of the National Public Health Institute (Helsinki.
Finland} with a between-run coefficient of variation of 2.2%.
Androgens and sex hormene-binding globuiin (SHBG) were
measured by Endocrine Sciences (Calabassas Hills, CA..
and estrogens were measured by Coming-Nichols Institute
(San Juan Capistrano. CA’ by standard procedures. Testos-
terone and dihvdrotestesierone {DHT) were extracted with
hexane and ethyl acetate and separated by aluminum oxide
chromatcgraphy, then measured by radioimmunoassay (RIA .
SHBG was measured by an immunoradiometric assay. The
non-SHBG-bound testostzrone, comprised of free and albu-
min-bound estosterone. was determined by ammoniurn sulfate
precipitation. and the quantty of testosterone that was ncn-
SHBG bourd was then calculated as the product of the totai
iestosterone concentraucn and the percentage that was ncn-
SHBG beournd. Androstenedione was measured by RIA afier
extracuion with hexane and ethyl acetate and separation frem
the aquecus phase by cenmfugation. Dehvdroepiandrostercne
suifate IDHEAS) was subjected to enzyme hydrolysis, and
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released dehvdroepiandrosterone was measured directly by
RIA. Androstanediol glucuronide was extracted with a polar
solvent and subjected to enzymolysis. Released andro-
stanediol was extracted with hexane ethyl acetate, purified
using HPLC. and quantitated using RIA. Estradiol in serum
was measured by RIA after extracuon with an organic sol-
veni and celite-ethylene glycol chromatography. Estrone
was extracted with an organic solvent and separated by celite
chromatography and double antibody-polyethylene glycol
precipitaion before quantification by RIA. Blind quality
control samples were randomly positioned within each
batch. The overall coefficients of variation for the sex hor-
mones for these quality control samples were as foliows:
testosterone, 3.4%; non-SHBG-bound testosterone, 5.8%:;
DHT, 11.3%: androstenedione, 14.8%:; DHEAS. 12.9%; an-
drostanediol glucuronide. 15.7%; estradiol, 13.8%; estrone.
14.2%; and SHBG, 7.0%.

The hormone concentrations observed in this study were
within the adult male normal ranges for the laboratories
performing the assays. SHBG concentrations in this study
were above the normal range reported by the laboratory that
performed this assay, as previously noted (21). This is be-
lieved to have been the result of a laboratory error that
affected the absolute but not the relative serum concentration
of SHBG reported. Problems associated with the SHBG
assay do not affect the non-SHBG-bound testosterone re-
sults, since SHBG concentrations were not used to estimate
non-SHBG-bound testosterone concentrations. The serum
o-tocopherol levels for the men in this study were also
within the normai limits for men in this age range. Only
13% of the men reported using a low-dose «-tocopherol
supplement at baseiine; thus serum ot-tocopherof levels are
largely attributable to dietary intake.

Statistical Analysis

Statistical analyses were performed using Statistical
Analysis Svstems software (24,25} The serum hormones
were logarithmically transformed to normalize their distri-
buticns before analysis. Because @-tocopherol is carried on
serum lipids. serum «-tocopherol was adjusted for total se-
rum cholesterol via the residual method (26). Residuals were
generated from a regression model, with serum o-tocopherol
as the response variable and serum total cholesterol as the
explanatory variable. The mean serum o-tocopherol concen-
tration was then added to the residual to generate a mean-
ingful value for cholesterol-adjusted serum o-tocopherol
concentration. Multiple linear regression was used to predict
serum hcrmone concentrations from {cholesterol} adjusted
a-tocopherol concentration. For each hormone, a model was
defined with logarithmic hormone concentration as the de-
pendeni vanable and a-tocopherol as the independent vari-
able. Age body mass index (BMI, kg/m®), and hormone
assay batch were inciuded in models as covariates. Smoking
status. time of day of blood collection, and dietary intake
variables. inciuding energy. fat, cholestercl. fiber, alcohol,
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vitamin C, and o-tocopheroi intake. did not modify the as-
sociations between u-tocophero! and sex hormones and were
not included in the models. Percent difference in hormone
concentration per unit in c-tocopherol was calculated by
using the parameter estimates (b) for a-tocopherol modeled
as a continuous vanable [the formuia (ef — 1) x 100]. We
also evaluated the relation between a-tocopherol and serum
sex hcrmones by categorizing the men into quartiies of o-
tocopherol concentration and including three indicator vari-
ables for the three highest quartiles in the models. Analysis
of covariance was used to generate the geometric means of
hormone concentrations by quartile of serum c-tocopherol
after adjusting for covariates. Effect modification by age
and BMI was assessed by including factors and their cross-
product terms with the continuous serum ¢-tocopherol vari-
able in the models.

Results

Table 1 presents the characteristics of study participants.
The participants in this study were all Caucasian men who
were smokers. The mean age of participants was 60.5 vears.
On average, participants consumed 12.7 mg/day o-toco-
pherol from dietary and supplemental sources. Only 13% of
the men reported consuming a supplement containing ¢i-to-
copherol.

Mean serum hormone concentrations (with 95% confi-
dence intervals) adjusted for age, BMI, serum cholesterol,
and hermene assay batch are reported by quartile of serum
e-tocopherol 1n Table 2. In multiple regression analyses,
serum -tocopherol was a significant (p < 0.05) negative
predictor of testosterone, androstenedione, estrone, and
SHBG after controiling for covariates. The difference in
hormene concentration per milligram of ¢-tocopherol was
1.8-2.6% for these Tour hormones. Serum concentrations of
testostercne, androstenedione, estrone, and SHBG decreased
monotonically {p < 6.05) with increasing quartile of serum
o-tocopherol. Serum concentrauon of DHT also decreased
with increasing @-tocopherol concentration, but the trend
was not statistically significant (p = 0.11). Serum @-tocoph-
erol, together with the other covariates, predicted 15-34%
of the variability in hormone concentrations for androgens
and SHBG, but only 3-6% of the variability in concentration
for estradiol and estrone. Overall, there were very low con-
centrations of estrogens in the men's serum and only a lim-
ited range of values. We did not observe effect modification
of the a-tocopherol-hormone associations by age or BMI in
these data.

Discussion

After accounting for the potential confounding effects of
age, BMI hormone assay batch, and serum cholesterol, se-
rum a-iocopherol concentration was significantly inversely
associated with serum androstenedione, estrone, lestoster-
one, and SHBG 1n this group of older Caucasian men.
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Table 1. Characteristics of Study Participants®

Charactenstics Mean® 5D
Age, yr 60.5 3.1
Height, cm 174 6.3
Weight, kg 79.0 12.7
BMI, kg/m® 26.2 37
Cigarettes, no./dav 18.9 83
Dietary intake
Energy, kJ 11,042 862
Fat, g 113 125
Fiber, g 227 4.1
Alcohol, g 56 235
Total vitamin E, mg 12.7 56
Dietary vitamin E. mg 11.0 24
Laberatory values
Testosterone. nM 2064 2.06
Non-SHBG-bound testosterone, nM 511 0.45
Dihydrotestosterone. nM 1.87 0.36
Androstenedione, nii 4.76 0.37
DHEAS, pM 316 0.97
Androstanediol glucuronide, nM 5.8% 1.50
Estradiol, nM 0.10 0.01
Estrone, nM 0.16 0.01
SHBG, nM §3.93 10.61
Total cholesterol. mM 6.13 0.18
HDL cholestero, mM 1.17 0.08
@-Tocopherol, mg/l 11.75 0.47

a: n=204. BMI, bedy mass index; SHBG. sex hormone-binding glebulin;
DHEAS, dehydroepiandrosterone sulfate; HDL, high-densitv lipopro-
t2in.

6: Geometric means and their standard deviations are given for dietary
and serum variables.

The cross-sectional nature of the data used for this study
limits the inferences that can be made from the resuits. We
cannot determine whether o-tocophercl influenced sex hor-
mone concentrations. whether the reverse may have occurred,
or whether some other factor influenced both in the observed
directions. However. data from other studies suggest that o-
tocopherol could influence serum sex hormone concentration.

There is evidence from in virro (27.28), animal (29-31),
and clinical studies (32-35) that ot-tocopherol may play a role

"in hormone metabolism. There are high amounts of ¢-toco-

pherol in the testis and adrenal cortex. the primary sites of
androgen production in men. High levels of ot-tocopherol have
also been reported in the prostate, and a-tocopherol binding
sites have been found in adrenal cell membranes (36).

In animals (29-31) and in cultured cells (27,28), supple-
mentation with a-tocopherol beyvond levels required for
adequate nutrition inhibits prostaglandin synthesis. Prosta-
glandins stimulate secretion of several hypothalamic, go-
nadotropic, and pituitary hormones and their releasing
factors, including luteinizing hormone, follicte-stimulating
hormone, and adrenocorticotropic hormone (37-39). which
in turn stimulate androgen production by the testis and ad-
renal cortex. Consequently, higher serum a-tocopherol
could lead to lower levels of serum androgens.

In a controlled feeding trial, Bhathena and colleagues
(32) administered 15 g/day of fish oil and fish oil supple-
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Table 2. Geometric Means and 95% CI of Serum Hormone Concentration by Quartile of Serum a-Tocopherol After

Adjustment for Covariates*~

P Value
Mean 5% I (for Trend)
Testosterone. nM
Qi 2238 20.61-24.31
Q2 20.33 [8.71-22.08 003
Q3 20.62 [9.06~-22.30
Q4 19.61 18.06-21.30
Non-SHBG-bound testosterone, nM
Ql 5.10 4.69-5.55
Q2 5.19 477-5.64 0.38
Q3 5.07 4.68-5.49
Q4 5.19 4.77-5.64
Dihydrotestosterone, nM
Ql 1.96 1.79-2.14
Q2 1.91 1.75-2.08 Gl
Q3 1.86 1.71-2.02
Qa t76 161-192
Androstenedione, nM
Ql 5.32 496-5.71
Q2 496 4.63-531 0.9G57
Q3 4.49 4.204.80
Q4 435 4.06-1.65
DHEAS, M
Q! 3.49 3.03-403
Q2 337 292-389 (R
Q3 2385 248-3.27
Q4 300 260-3.47
Androstanediol glucuronide, nM
Q! 346 +4.60-6.30
Q2 6.81 378802 el
Q3 5.31 434621
Q4 5.81 4.96-681
Estradiol, nM
Ql 0.104 0.095-0.113
Q2 0.103 0.094-0.113 rz-
Q3 0.105 1.096-0.114
Q4 0.102 0.094-0.111
Estrone. nM
Ql 0.158 0.143-0.171
Q2 0.159 0.147-0.172 oz
Q3 0.147 0.136-0.158
Q4 0.150 0.139-0.163
SHBG, nM
Ql . 92.11 84.65-100.23
Q2 80.98 74.30-88.15 o2
Q3 85.24 78.56-92.48
Q4 78.37 72.05-85.26

u. n = 204. Valyes were adjusted for BMI. age, batch, and serum cholesterol. CI. confidenice intervai; Q1-Q4, Quartiles {—
f: Serum ot-tocopheroi adjusied for serum cholesterol via residual method, then mean was readded.
- Quartile cut points of adjusted serum ¢-tocopherol (mg/1} are as follows: Q1 £ 1.2, Q2= 10.3-11.7. Q3 = 11.8-13.3: Q42134

mented with 200 mg vitamin E/day to each of 40 men for
10-week periods. Decreases in insulin, DHEAS, and growth
hormone were observed during the vitamin E supplementa-
tion pertod. In our study, we observed a nensignificant in-
verse assoclation between serum o-tocopherol and DHEAS.
In contrast to our results, in a hospital-based study, re-
searchers supplemented i men 3069 years of age with
4338 mg/day a-tocopherol and reported a significant in-
crease in plasma testosterone levels (33). Unfortunately, be-
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cause no control group was included in this study. it 1s
difficult to rule out the possibility that other factors may
have contributed to these results. In another trial, 200 sub-
jecis given 600 IU/day di-a-tocophervi acetate showed sig-
nificant decreases in serum thyroid hormone levels (34:. No
sex hormone concentrations were measured in this siudy;
however, administration of triiodothvronine in another =lini-

cal study significantly increased serum levels of testosterone
(351
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Another potential mechanism for our findings is that men
with higher steroid levels utilized more ®-tocopherel to
counteract the effects of steroid-induced oxidation. The
process of steroid brosynthesis uses molecular oxygen, and
all interactions of the cellular cytochrome P-450 enzymes
with cholestercl and its metabolites are major sources of
free radical formation (40.41).

In conclusion, we identified significant inverse associa-
tions between baseline serum o-tocopherol and several sex
hormones in this population. These results may have impli-
cations for the observed protective effect of supplemental
o-tocopherol in relation to prostate cancer in the ATBC
Study (3). Studies are underway to further examine the effect
of supplemental o-tocopherol on sex hormone concentra-
tons In this study.
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