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Effect of Moderate Alcohol Consumption on Plasma
Dehydroepiandrosterone Sulfate, Testosterone, and
Estradiol Levels in Middle-Aged Men and
Postmenopausal Women: A Diet-Controlled
Intervention Study
Aafje Sierksma, Taisto Sarkola, C. J. Peter Eriksson, Martijn S. van der Gaag,* Diederick E. Grobbee, Henk F. J. Hendriks

Background: Moderate alcohol consumption is inversely associated with cardiovascular diseases.
Changes in hormone levels might in part help explain the positive health effect. This study was performed
to examine the effect of moderate alcohol consumption on plasma dehydroepiandrosterone sulfate
(DHEAS), testosterone, and estradiol levels.
Methods: In a randomized, diet-controlled, crossover study, 10 middle-aged men and 9 postmenopausal
women, all apparently healthy, nonsmoking, and moderate alcohol drinkers, consumed beer or no-alcohol
beer with dinner during two successive periods of 3 weeks. During the beer period, alcohol intake equaled
40 and 30 g per day for men and women, respectively. The total diet was supplied and had essentially the
same composition during these 6 weeks. Before each treatment there was a 1 week washout period, in which
the subjects were not allowed to drink alcoholic beverages. At the end of each of the two experimental
periods, fasting blood samples were collected in the morning.
Results: Moderate alcohol consumption increased plasma DHEAS level by 16.5% (95% confidence interval,
8.0 –24.9), with similar changes for men and women. Plasma testosterone level decreased in men by 6.8% (95%
confidence interval, ⫺1.0 – ⫺12.5), but no effect was found in women. Plasma estradiol level was not affected.
Serum high-density lipoprotein cholesterol level increased by 11.7% (95% confidence interval, 7.3–16.0), with
similar changes for men and women. The overall alcohol-induced relative changes in DHEAS, testosterone, and
estradiol correlated positively with the relative increase in high-density lipoprotein cholesterol (adjusted for the
relative change in body weight); however, findings were only borderline significant for DHEAS and estradiol (r
⫽ 0.44, p ⫽ 0.08; r ⫽ 0.32, p ⫽ 0.21; and r ⫽ 0.46, p ⫽ 0.06, respectively).
Conclusions: A protective effect of moderate alcohol consumption for cardiovascular disease risk may
in part be explained by increased plasma DHEAS level.
Key Words: Alcohol, Dehydroepiandosterone Sulfate (DHEAS), Testosterone, Estradiol, HDL Cholesterol.

M

ODERATE ALCOHOL CONSUMPTION is inversely associated with cardiovascular diseases
(CVD) (Colditz et al., 1985; Grobbee et al., 1999;
Stampfer et al., 1988). Mechanisms proposed to explain
a positive health effect of moderate alcohol consumption
involve prevention of atherogenesis through changes in
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lipoprotein metabolism (Hendriks et al., 1998; Van der
Gaag et al., 1999), hemostasis (Dimmitt et al., 1998;
Hendriks et al., 1994), and inflammation (Imhof et al.,
2001; Koenig et al., 1999; Sierksma et al., 2002b).
There is accumulating evidence suggesting the involvement of sex hormones in atherogenesis. Studies suggest a
protective effect of high levels of dehydroepiandrosterone
sulfate (DHEAS) against atherosclerosis (Barrett-Connor
et al., 1986; Feldman et al., 2001; Leowattana, 2001). This
is further supported by an observed inverse correlation
between DHEAS levels and pulse wave velocity (Ishihara
et al., 1992) and carotid wall thickness (Bernini et al., 1999).
An independent inverse association between levels of testosterone and aortic atherosclerosis in men aged 55 years
and over has been reported (Hak et al., 2002). In addition,
studies in older men have shown an inverse association
between testosterone levels and aortic stiffness (Dockery et
Alcohol Clin Exp Res, Vol 28, No 5, 2004: pp 780–785
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Table 1. Characteristics of the Volunteers Included in the Data Analysis
Men (n ⫽ 10)
Age (yr)
Body weight (kg)
BMI (kg/m2)
Hemoglobin (mmol/liter)
Triglycerides (mmol/liter)
Total cholesterol (mmol/liter)
HDL cholesterol (mmol/liter)
LDL cholesterol (mmol/liter)
ASAT (units/liter)
ALAT (units/liter)
GGT (units/liter)
Glucose (mmol/liter)

55 (6)
79.2 (9.2)
24.9 (2.2)
9.4 (0.5)
1.2 (0.4)
6.2 (1.1)
1.5 (0.4)
4.3 (0.9)
25 (5)
21 (4)
22 (7)
5.4 (0.5)

Women (n ⫽ 9)
45–64
62.7–93.7
20.1–28.6
8.7–10.7
0.8–1.9
4.5–7.6
0.9–2.3
2.9–5.8
19–34
17–29
11–34
4.9–6.3

57 (4)
74.0 (7.3)
26.8 (2.9)
8.5 (0.4)
0.9 (0.4)
6.9 (1.3)
2.0 (0.4)
4.5 (1.2)
19 (3)
14 (3)
16 (4)
5.5 (0.4)

49–62
66.0–85.1
22.0–30.7
7.7–9.3
0.5–1.6
5.4–8.6
1.6–2.6
3.3–6.3
15–24
10–19
11–23
5.0–6.1

Values are expressed as mean (SD) and range.
BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ASAT, aspartate aminotransferase; ALAT, alanine aminotransferase; GGT,
␥-glutamyltransferase.

al., 2002) and intima-media thickness (Van den Beld et al.,
2003). Premenopausal women may be protected from
CVD, relative to men, due to high circulating estrogen
levels (Matthews, 1992).
Changes in hormone levels may in part explain the health
benefits of moderate alcohol consumption. Two long-term
diet-controlled intervention studies in pre- and postmenopausal women showed increases in DHEAS and plasma
estrogen/estrone sulfate levels after moderate alcohol intake (Dorgan et al., 2001; Reichman et al., 1993). Effects of
alcohol on hormone levels may depend on age and gender
(Orentreich et al., 1984; Zumoff et al., 1980). To further
investigate the effect of moderate alcohol consumption on
plasma DHEAS, testosterone, and estradiol levels and
their correlation with alcohol-induced changes in highdensity lipoprotein (HDL) cholesterol, we performed an
intervention study in both middle-aged men and postmenopausal women. Diet was controlled during the study, as
nutrition might influence sex hormone variability (Tamimi
et al., 2001; Ukkola et al., 2001).
METHODS
Subjects
The study was conducted at TNO Nutrition and Food Research (Zeist,
The Netherlands). The trial was performed according to the ICH Guidelines for Good Clinical Practice, complied with the Declaration of Helsinki, and was approved by the TNO Medical Ethics Committee. Ten
middle-aged men and 10 postmenopausal women, all nonsmoking, were
recruited from the pool of volunteers of TNO Nutrition and Food Research and through an advertisement in a local newspaper. The volunteers
received all information about the study (including aim; medical, ethical,
and practical aspects; and insurance) by verbal briefing and received the
same information in writing and subsequently signed for informed consent. Subjects were eligible if they fulfilled the following inclusion criteria:
consumption of ⱕ28 alcohol-containing beverages per week for men and
ⱕ21 for women, body mass index between 20 and 31 kg/m2, and no family
history of alcoholism. Subjects were healthy as indicated by the values of
the prestudy laboratory tests, which all were within the normal range. In
addition, they were healthy as indicated by their medical history and a
physical examination by the medical investigator. The postmenopausal
women did not have menses for at least a year, were not ovariectomized,
and did not use hormone replacement therapy. One postmenopausal
woman dropped out because of a treatment-unrelated cause. The remain-

ing 19 subjects completed the study successfully. Characteristics of the
study population are given in Table 1.
Study Design
The subjects entered an open randomized crossover trial consisting of
two periods of 3 weeks. Five men and five women were randomly allocated
to the sequence beer (Amstel Bier, Amsterdam, The Netherlands; 5 vol%
alcohol) followed by no-alcohol beer (Amstel Malt Bier, Amsterdam, The
Netherlands; ⬍0.1 vol% alcohol). The other half of the subjects consumed
no-alcohol beer first followed by beer. In this way, any bias due to the
beverage order and a possible drift of variables over time was eliminated.
There was a 1 week washout period before each treatment period in which
participants were not allowed to drink alcoholic beverages, to limit possible carryover effects.
Four glasses of each beverage for men and three glasses of each
beverage for women were consumed daily during the evening dinner.
During the beer period, alcohol intake equaled 40 and 30 g per day for
men and women, respectively. The total diet was supplied to exclude
dietary confounding. Subjects consumed all foods at home, except for
evening dinner, which was served at TNO Nutrition and Food Research,
together with the beer or no-alcohol beer. Subjects were not allowed to eat
or drink anything but the foods supplied, except for tap water and coffee
(limited amount of creamer was supplied), and they were asked to maintain their habitual physical activity pattern.
We considered the energy provided by alcohol to be 19.6 kJ/g, assuming
the net usable energy content of alcohol is 70% of the theoretically present
28 kJ/g (Rumpler et al., 1996; Westerterp, 1996). Taking this into account,
no-alcohol beer contained approximately 90 kJ/100 ml, and beer contained
approximately 130 kJ/100 ml. The source of energy in no-alcohol beer was
almost 100% carbohydrates; in beer approximately 40% of energy was
derived from carbohydrates and 60% of energy was derived from alcohol.
The diets, including beer or no-alcohol beer, were comparable in such a
way that the macronutrient composition and total energy were the same
during the beer and no-alcohol beer period. The macronutrient composition of the diet was based on the national Dutch food consumption
survey of 1998 (Anonymous, 1998). Diets during the beer and no-alcohol
beer period consisted of approximately 17% energy from protein, 39%
energy from fat, and 44% energy from carbohydrate, for both males and
females. Daily energy requirement was estimated for each subject according to Schofield (1985). The diet was provided in nine different levels of
energy intake per day; 7, 8, 9, 10, 11, 12, 13, 14, and 15 MJ, depending on
the body weight of the subject. Body weight was determined every 3 or 4
days with the subjects wearing indoor clothing, without shoes, wallet, and
keys. When a subject’s body weight deviated more than 1.5 kg from his or
her weight at the first experimental day, energy supply was adjusted (⫾1
MJ), without changing the macronutrient composition, to maintain body
weight. Compliance to the protocol, physical adverse events, and medicine
use were checked by a daily questionnaire.
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Table 2. Mean (SD) serum HDL cholesterol and plasma DHEAS, testosterone, and estradiol levels in 10 middle-aged men and 9 postmenopausal women after 3
weeks consumption of beer and no-alcohol beer
Men (n ⫽ 10)

HDL cholesterol (mmol/liter)
DHEAS (micromol/liter)
Testosterone (nmol/liter)
Estradiol (pmol/liter)

Women (n ⫽ 9)

Beer

No-alcohol beer

Beer

No-alcohol beer

1.34 (0.24)*
4.0 (1.8)#
15.3 (3.6)*
66.6 (11.7)

1.18 (0.16)
3.5 (1.7)
16.4 (2.9)
65.2 (8.9)

1.70 (0.33)*
3.9 (2.7)
1.1 (0.6)
28.2 (16.3)

1.55 (0.32)
3.3 (2.2)
1.1 (0.6)
28.0 (13.0)

* p ⬍ 0.05; # p ⬍ 0.001; significantly different from the no-alcohol beer period.

Blood Sampling and Analysis
Fasting blood samples were collected in the morning after the last day
of each experimental period. Blood was taken from the anticubital vein
and collected in a tube containing citrate theophylline, adenosine, and
dipyridamole and in a tube containing gel and clot activator (Becton
Dickinson, Vacutainer Systems, Plymouth, UK). To obtain plasma and
serum, the blood was centrifuged for 15 min at 2000 ⫻ g and 4°C, between
15 and 30 min after collection. All aliquots were stored at ⫺80°C until
analysis.
Plasma DHEAS, testosterone, and estradiol levels were determined by
standard radioimmunoassay reagent sets (Cout-a-Count DHEA-SO4
from Diagnostic Products Corporation, Los Angeles, CA, for DHEAS;
Orion Diagnostica, Finland, for testosterone; Estradiol-2 from DiaSorin,
Italy, for estradiol). Within- and between-assay variabilities were 7.8% (n
⫽ 12) and 7.9% (n ⫽ 4) at the level of 4.5 mol/liter for plasma DHEAS
(detection limit 0.05 mol/liter), 6.6% and 7.0% at the level of 0.96
nmol/liter (n ⫽ 10) for plasma testosterone (detection limit 0.1 nmol/liter),
and 9.0% (n ⫽ 12) and 4.7% (n ⫽ 4) at the level of 40 pmol/liter for
plasma estradiol (detection limit about 20 pmol/liter). Serum HDL cholesterol level was determined using an enzymatic method (Roche Diagnostics GmbH, Mannheim, Germany), with a detection limit 0.08 mmol/
liter and a between-assay variability of about 3%.
One hour after dinner on the last evening of each of the two experimental periods, blood was collected in tubes containing gel and clot
activator (Becton Dickinson, Vacutainer Systems; airtight system) for
blood alcohol concentration determination. Between 15 and 30 min after
collection, blood was centrifuged for 15 min at 2000 ⫻ g and 4°C, and
serum samples were stored at ⫺20°C until analysis. Blood alcohol concentrations were measured enzymatically (Roche Diagnostics GmbH,
Mannheim, Germany; within- and between-assay variability 0.5% and
2.3%, respectively, detection limit 2.17 mmol/liter).
All samples were analyzed in one run after the finish of the study. Staff
members who conducted the laboratory analyses were blind to the group
assignments.
Statistical Methods
Data were analyzed using the SAS statistical software package (SAS/
STAT version 6.12, SAS Institute, Cary, NC). The outcome measures were
tested for normality. Treatment effects were assessed by analysis of variance, by use of general linear modeling, using as factors gender, beverage,
and gender in combination with beverage. To test for carryover effects, the
factor treatment order was also added to this model. We calculated 95%
confidence intervals (CI) according to Mood et al. (1974) and Finney
(1964). Pearson correlation coefficients were computed to assess associations between relative alcohol-induced changes in sex hormones and HDL
cholesterol. Two-sided p values were considered statistically significant at
p ⱕ 0.05.

The overall mean blood alcohol concentration at 1 hr after
dinner with beer was 10.5 mmol/liter (range 6.0 –15.9 mmol/
liter), and the mean blood alcohol concentrations for men
and women separately did not differ (11.2 [SD 3.0] and 9.7
[SD 1.6] mmol/liter, p ⫽ 0.20; t test). No carryover effects
in outcome measures were seen.
Plasma DHEAS level
Plasma DHEAS level increased by 16.5% (95% CI,
8.0 –24.9) after beer consumption compared with noalcohol beer consumption. No gender differences were
observed (Table 2).
Plasma Testosterone Level
Three weeks of beer consumption decreased plasma testosterone level by 6.8% in men (95% CI, ⫺1.0 – ⫺12.5)
compared with no-alcohol beer consumption. In women no
effect on plasma testosterone level was observed (Table 2).
Plasma Estradiol Level
Plasma estradiol level was not affected after 3 weeks of
beer consumption compared with no-alcohol beer consumption (Table 2).
Serum HDL Cholesterol Level
After 3 weeks of daily beer consumption, serum HDL
cholesterol level significantly increased by 11.7% (95% CI,
7.3–16.0) compared with no-alcohol beer consumption. Similar changes in men and women were observed (Table 2).
Correlations Between Relative Alcohol-Induced HDL
Cholesterol and Sex Hormone Changes
The overall alcohol-induced relative changes in DHEAS,
testosterone, and estradiol correlated positively with the
relative increase in HDL cholesterol (adjusted for the relative change in body weight); however, these changes were
only borderline significant for DHEAS and estradiol (r ⫽
0.44, p ⫽ 0.08; r ⫽ 0.32, p ⫽ 0.21; and r ⫽ 0.46, p ⫽ 0.06,
respectively).

RESULTS

The compliance to the supplied foods and drinks was
good, and average body weight did not differ between beer
and no-alcohol beer treatment periods (data not shown).

DISCUSSION

To our knowledge, this is the first diet-controlled study to
examine the effects of moderate alcohol consumption on

783

ALCOHOL AND SEX HORMONES

sex hormone levels in middle-aged men and postmenopausal women. A moderate daily dose of alcohol consumed
with evening dinner increased plasma DHEAS level.
Plasma testosterone level was decreased in men, and there
was no effect on plasma estradiol level in both men and
women. The volunteers were maintained on adequate nutritional regimen, and average body weight did not differ
between beer and no-alcohol beer treatment periods. Consequently, the findings are unlikely to have been confounded by concomitant nutritional changes.
The increased plasma DHEAS level after moderate alcohol consumption agrees with observational data (Field et
al., 1994; Kiechl et al., 2000; Ravaglia et al., 2002) and the
two intervention studies in women (Dorgan et al., 2001;
Reichman et al., 1993). With our study design, we cannot
differentiate a chronic effect of moderate alcohol consumption from a possible acute effect of last evening drink. The
increase in plasma DHEAS level in part could be a consequence of increased adrenal secretion and in part could be
derived by ethanol-mediated inhibition of the isomerasedehydrogenase reaction of dehydroepiandrosterone
(DHEA) to androstenedione (Frias et al., 2002). We could
previously not disclose similar effects of moderate alcohol
intake in a study in middle-aged men (Sierksma et al.,
2002a). The reason for this discrepancy could be the
shorter treatment period (17 days) and the more liberal
dietary control (only evening dinner) compared with the
current study. The increase in plasma DHEAS level in the
current study would be compatible with an approximate
10% decrease in mortality from CVD (Barrett-Connor et
al., 1986). However, doubts have been raised regarding the
proposed inverse association between DHEAS and atherosclerosis risk (Kiechl et al., 2000). Some could not confirm
this relationship (Barrett-Connor and Goodman-Gruen,
1995), whereas others found a positive rather than an inverse relationship (Johannes et al., 1999). Ravaglia et al.
(2002) have suggested that low DHEAS levels are probably
a nonspecific indicator of aging and health status. DHEAS
is measured, because it is the stable form of DHEA. Despite the high correlation between DHEA and DHEAS
levels (Nafziger et al., 1991) and their biological linkage, it
cannot be ruled out that an association exists between
DHEA and atherosclerosis risk, which could be missed by
measuring its sulfated form. In addition, DHEA(S) may
beneficially affect certain age-related disorders, such as
cognitive impairment and dementia (Kalmijn et al., 1998;
Watson et al., 1996). This would explain data suggesting
that moderate alcohol consumption may protect against
dementia (Mukamal et al., 2003; Ruitenberg et al., 2002).
Heavy alcohol intake decreases testosterone in men
(Van Thiel and Lester, 1979; Ylikahri et al., 1974). This
could reflect decreased plasma binding capacity and increased hepatic testosterone A-ring reductase activity
(rate-limiting enzyme for the metabolism of testosterone in
the liver) (Gordon et al., 1976) and/or an inhibited testosterone synthesis in the testis (Van Thiel and Lester, 1979).

Possibly these changes already occur with moderate alcohol
consumption, explaining the decrease in plasma testosterone levels in the middle-aged men in our study. The clinical
relevance of this change is unclear, as reproductive disturbances such as decreased libido, impotence, and infertility
are found in long-term heavy alcohol drinkers (Van Thiel
and Lester, 1979). In postmenopausal women, no effect of
moderate alcohol intake on plasma testosterone level was
found, which is in agreement with earlier increases in testosterone only in long-term female heavy drinkers (Cigolini
et al., 1996; Pettersson et al., 1990; Välimäki et al., 1990,
1995). The testosterone reduction in men and the absence
of an effect in women might well be a consequence of the
last evening drink instead of a chronic effect of moderate
alcohol consumption. Studies in women have shown that
testosterone was elevated acutely by a low dose of alcohol
(Eriksson et al., 1994; Sarkola et al., 2001).
The lack of effect of moderate alcohol consumption on
plasma estradiol level is consistent with other studies (Cauley et al., 1989; Ginsburg et al., 1996; Hankinson et al.,
1995; Newcomb et al., 1995). There are indications that the
hops and barm in beer contain substances with estrogenic
activity (Lapcík et al., 1998). Because both beer and noalcohol beer contain these substances, we assume that this
will not have influenced the alcohol effect on plasma estradiol level. In women, substantial evidence exists for a
protective role of endogenous sex hormones (Matthews,
1992). It has been discussed whether in postmenopausal
women estrogen therapy may prevent the development of
atherosclerosis (Grady et al., 2002; Hodis et al., 2003;
Manson et al., 2003). Estradiol levels have been positively
associated with breast cancer risk (Thomas et al., 1997).
The lack of an alcohol-induced effect on plasma estradiol
level in our study would suggest that moderate alcohol
consumption does not operate through this pathway.
The alcohol-induced increase in serum HDL cholesterol
level of about 12% in the present study is similar to that
observed in other diet-controlled studies of our group (Van
der Gaag et al., 1999, 2000). A 2% increase in HDL cholesterol has been estimated to translate to a 2% to 4%
decrease in coronary heart disease risk (Kinosian et al.,
1995).
The correlations between the alcohol-induced relative
changes in HDL cholesterol and sex hormones suggest that
sex hormones may affect CVD risk indirectly via an effect
on lipoproteins (Kiel et al., 1989; Okamoto, 1998; Zmuda
et al., 1997).
CONCLUSIONS

Alcohol intake seems to decrease testosterone in men
already at a moderate consumption level. In addition, the
results of this randomized trial in healthy middle-aged men
and postmenopausal women support the view that moderate intake of alcohol may increase plasma DHEAS level.
This small endocrine effect of alcohol is consistent with a
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protective effect of moderate alcohol consumption with
respect to CVD risk and possibly also the risk for dementia.
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