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ABSTRACT

Objective: We investigated whether there is a relationship between androgens levels and well-
being in pre- and postmenopausal women.

Design: We randomly recruited 1423 women aged 18 to 75 years from the community via the
electoral roll. Each provided a morning blood sample and completed the Psychological General
Well Being Index questionnaire on the same day. Women were excluded if they took medication for
any psychiatric illness, had abnormal thyroid function, or had documented polycystic ovarian
syndrome. Analysis was by linear regression for well-being, including demographic and lifestyle
variables as well as serum levels of androgens.

Results: We included 1224 women in the analysis. Being partnered was positively associated
with well-being in premenopausal women. In postmenopausal women, well-being was positively
related to age and exercising, whereas smoking, obesity, and postmenopausal hormone therapy use
were each negatively associated with well-being. None of the measured androgens (total and free
testosterone, dehydroepiandrosterone sulfate, and androstenedione) made an independent contri-
bution to well-being in postmenopausal women (n = 603). However, for premenopausal women
(n = 621), levels of dehydroepiandrosterone sulfate were independently and positively associated
with the domain score for vitality.

Conclusions: Our findings do not support an important independent role for androgens as
determinants of well-being in postmenopausal women. That dehydroepiandrosterone sulfate alone
is associated with greater vitality in premenopausal women is of interest but requires further
evaluation as an a priori hypothesis in another study.

Key Words: Androgens – Dehydroepiandrosterone sulfate – Well-being – Premenopausal –
Postmenopausal.

E
xogenous testosterone and dehydroepian-
drosterone sulfate (DHEAS) favorably influ-
ence mood and well-being1-4, but there is
no evidence that having a low level of either

of these is associated with adverse psychological ef-
fects. Considering the widespread use of DHEA and
the increasing use of testosterone therapy by women,
a clearer understanding of the effects of the endogenous
levels of these steroids is required. We investigated the
contributions of each of the major androgenic steroids
towell-being as measured by the Psychological General
Wellbeing Index (PGWB), a validated questionnaire
that provides a set of individual domains that are useful
for the reporting and exploration of the important
concept of well-being, 5 in a large, randomly recruited
community-based sample of non-health–care-seeking
women. The total score and various domain scores
of the PGWB have been reported to improve with
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testosterone therapy.1,2 We also documented demo-
graphic and lifestyle factors in this population, not only
to determine which of these were independently asso-
ciated with well-being, but also to enable assessment of
the contribution of androgen levels in a meaningful
context.

METHODS

The study sample

Recruitment was from a database established in
Victoria, Australia, using a random selection process
from the electoral roll. In Australia, where voting is
compulsory, every adult is registered on this roll. The
city of Melbourne includes 26.25 electoral areas, and
country Victoria includes 10.75 electoral areas. Each
electoral area is divided into sampling points of approx-
imately equal numbers of 25,000 each. Melbourne
has 105 sampling points, and country Victoria has
43 sampling points. Starting addresses were selected at
random from the electoral roll for each of the sampling
points. Interviews were conducted in person on
Saturdays and Sundays between 9:00 AM and 4:00 PM.
Eight interviews were conducted per sampling point,
and only one eligible person was recruited per house-
hold. Women from the database were approached by
telephone; if they were between 18 and 75 years of
age, theywere invited to participate in a study of the role
of androgens in women’s health.
Women were excluded from recruitment if they were

pregnant or less than 6 weeks postpartum, or had
experienced any of the following in the preceding 3
months: an acute psychiatric illness; acute renal, liver,
or cardiovascular disease or any other acute major
illness that would impair overall health and well-being;
gynecological surgery; active malignancy or cancer
treatment, excluding non-melanotic skin cancer. We
excluded from this analysis women who had potentially
confounding conditions, including current use of
antidepressants, psychiatric medications, or epilepsy
medication; abnormal thyroid function; or polycystic
ovarian syndrome. Polycystic ovarian syndrome was
identified on the basis of combinations of menstrual
history, luteinizing hormone to follicle-stimulating hor-
mone ratio .2, calculated free androgen index .4.5,
and sex hormone-binding globulin (SHBG),30 nmol/L.
A woman was considered postmenopausal if she was
aged .55 years, gave a stated age at menopause and
had consistent hormonal levels, or based on the infor-
mation she provided there was consistency in whether
she had regular menses or not, oral contraception or
hormone therapy (HT) use and estradiol and follicle-

stimulating hormone levels. Women were classified as
exercising if they reported participation in regular
exercise, or gave a total number of hours per week of
exercise or a number of sessions of moderately or vig-
orously intense exercise in an average week. Gardening
and yard work were included specifically to identify
older women who exercised in this way.
Socioeconomic status was assessed using postal

codes. To assess the impact of postal code on PGWB,
we ranked postal codes according to the ranking by the
Index of Advantage/Disadvantage, which is based on
income, skilled occupation, education, and employ-
ment,6 and divided the postal codes into quintiles.
Women provided fasting morning blood samples on

the day they completed and returned their question-
naires. Premenopausal women had blood drawn after
cycle day 8 and before menstruation to avoid the early
follicular phase testosterone nadir. This study was
approved by the Southern Health Human Research and
Ethics Committee, Clayton, Australia, and all partic-
ipants provided written informed consent.

Psychological general wellbeing index

The PGWB is a validated instrument.5 Normative
data were published by the group that first developed
the questionnaire,5 and it was used in the National
Health and Nutrition Examination Survey in North
America.7 It has also been used as a measure of well-
being in studies evaluating the use of testosterone therapy
in women.1,2

The PGWB5 is a 22-item questionnaire with the
answers to some questions being reverse-scored. The
six domains of the PGWB are created by summing
the scores of groups of questions. The domains for the
PGWB are anxiety, depressed mood, positive well-
being, self-control, general health, and vitality, and the
domains are simply summed to provide a total score.

Hormonal assays

Fasting serum samples were stored at 280�C until
assayed. Total testosterone was measured by a direct
manual radioimmunoassay method (Biosource Europe
S.A.,NivellesBelgium) in the laboratory ofMayneHealth
Dorevitch Pathology, Melbourne, Australia, using
antibody-coated tubes and iodine-labeled testosterone
tracer (500 uL). Mean between-batch coefficients of
variation (CVs) were 12.8%, 9.7%, 8.8%, and 7.1% at
0.17, 0.61, 1.77, and 11.5 nmol/L (n = 100), re-
spectively; mean within-batch CVs were 10.5%, 5.3%,
4.2%, and 4.7% at the same concentrations (n = 20).
This methodology was validated against a conventional
RIA after organic solvent [ethylacetate:hexane (3:2)]
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extraction and celite column partition chromatography
before RIA8 in 259 of the study participants.
Classification of women with total testosterone values
in the lowest 10th percentile or not in the lowest 10th
percentile was highly consistent between these assays
(k = 0.68). Samples with total testosterone values
less than 0.2 nmol/L were reported as,0.2 nmol/L, but
for statistical analysis we assigned these a value of 0.1.
The direct manual radioimmunoassay for testosterone
has also previously been validated against the process
of equilibrium dialysis in men and postmenopausal
women.9 SHBG andDHEASweremeasured by a solid-
phase, two-site chemiluminescent enzyme immunomet-
ric assay using the Immulite 2000 automated analyzer
(Diagnostic Products Corporation, Los Angeles, CA).
The intra-assay and interassay CVs for SHBG were
6.5 and 8.7%, respectively; the detection limit was
0.2 nmol/L. For DHEAS, the intra-assay CV was 6.8%
to 9.5%, and the interassay CV was 9.2% to 12.7%.
Androstenedione was measured by direct RIA (DSL
Inc, Webster, TX). Interassay CV was 5.8% to 10.4%.
Free testosteronewas calculated using the Sodergard-

Equation.9,10 The androgen levels documented in the
women participating in this study have been reported
separately.11

Statistical analysis

For the total PGWB and each domain, a high score
represents a good outcome. Thus, in the regression
analyses, a positive regression coefficient indicates that
a variable is positively associated with well-being, and
a negative regression coefficient indicates that avariable
is inversely associated with well-being. The total score
and the individual domains were analyzed using
statistics that assume the data are normally distributed.
For dichotomous variables, mean levels of total

PGWB were compared in the two groups using a t test
for independent means. For continuous variables,
a regression was constructed with the total PGWB
score as the dependent variable and the continuous
variable of interest as the independent variable, and the
coefficient of the independent variable was tested for
being different from zero. To assess which factors were
independently important in determining well-being,
a multiple linear regression model was developed with
total PGWB as the dependent variable and a number of
dichotomous and continuous variables as independent
variables. This was repeated with each of the domains
of the PGWB as the dependent variable. Because
HTuse was only applicable to postmenopausal women,
the analysis was performed in two parts: modeling
determinants of well-being in premenopausal women,

then modeling determinants of well-being in postmeno-
pausal women. The models developed for both pre-
menopausal and postmenopausalwomen used variables
found to be significant in the univariate analysis
[marital status, exercise, smoking, body mass index
(BMI), and age and, for postmenopausal women, use of
HT]. The R2 statistic was used as an indicator of the
proportion of the total variation in the dependent
variable that was explained by the regression model as
a whole.

The contribution of each of the androgens to the
determination of well-being was assessed by adding
each of the androgens to the model separately. For all
comparisons, statistical significance was set at the level
of 5%.

RESULTS

A total of 1423 women were recruited to the study
from a total of more than 10 times that number who
were eligible (Fig. 1). Of the 1423 women recruited to
the study, 199 were excluded from analysis (Fig. 2),
leaving a total of 1224. Age distribution and meno-
pausal status are shown in Table 1. The value of the
mean total PGWB increased with age [unstandardized
coefficient 0.258 (0.197,0.319) P = 0.001] and de-
creased with increasing values of BMI [unstandardized
coefficient 20.158 (20.297, 20.019) P = 0.026].

FIG. 1. Recruitment of study participants.
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There was a highly significant inverse relationship
between the total PGWB and each of the androgens by
univariate analysis (data not shown). However, as both
PGWB and serum levels of androgens are related to age
(PGWB positively and the androgens negatively), the
relationships between androgens and PGWB were
further explored in the multiple regression analysis.
A regression model was set up for total PGWB using

quintiles of postcode as dummy variables. For both pre-
and postmenopausal women, these regressions were not
statistically significant, and none of the coefficients for
the independent variables was significant (data not
shown). Postal code as a measure of SES was not
included in any further analysis.
For menopausal status and use of HT, the effect was

assessed within a restricted age range to minimize con-
founding with age (Table 2). There was no difference
in mean values for the total PGWB for women aged
45 to 54 years by menopausal status. However, for

postmenopausal women, HT users had a lower mean
total PGWB score than HT non-users. There was no
difference in mean values for the total PGWB by
alcohol use, but smokers had a lower mean total PGWB
score than nonsmokers. Women who were married or
were in a de facto relationship had a higher mean
PGWB score than those who were single, separated,
divorced, or widowed. Women who reported they did
some exercise had a higher mean level of PGWB than
those who did no exercise (Table 2).
The only variable that remained significant in the

multiple regression model for premenopausal women
was marital status: being partnered had a positive effect
on total PGWB (Table 3). Although this was highly
statistically significant, it explained only a small
proportion (,5%) of the variation in the total PGWB
score among premenopausal women. In the regression
model developed for postmenopausal women, the
variables age and exercise (positive) and smoking,
BMI, and use of HT (negative) were all statistically
significant, and the regression explained just less than
10% of the variation in the total PGWB score.
The regression models for each of the six PGWB

domains for both pre- and postmenopausalwomenwere
highly statistically significant except for self-control in
premenopausalwomen, for which the regression did not
achieve significance (Tables 4 and 5). The positive
effect of being partnered was statistically significant
for premenopausal women for each of the domains

FIG. 2. Exclusion of women from the analysis.

TABLE 1. Participant characteristics

Age (y) 18-24 25-34 35-44 45-54 55-64 65-75 Total
Number (%) 66

(5.4)
169
(13.8)

239
(19.5)

284
(23.2)

229
(18.7)

237
(19.4)

1224
(100)

Menopause
Yes 1 0 12 128 225 237 603
No 65 169 227 156 4 0 621

TABLE 2. Univariate analyses of a number of dichotomous
variables in relation to Psychological General Wellbeing

Index total score

Variable
Total PGWB score

mean (SD)[n]

Mean difference
(95% CI) P value for

difference

Postmenopausal women
(aged 45-54 y only)
Yes 77.8 (18.77) [127] –0.34 (24.425, 3.755)
No 77.47 (16.17) [156] P = ns

Postmenopausal HT use
Yes 80.66 (17.12) [188] 4.23 (1.366, 7.102)
No 84.89 (15.28) [412] P = 0.004

Alcohol
Yes 80.33 (16.05) [848] 0.22 (21.78, 2.22)
No 80.55 (16.73) [365] P = ns

Smoker
Yes 75.01 (18.52) [164] 6.26 (3.25, 9.27)
No 81.27 (15.69) [1054] P = 0.001

Exercise
Yes 81.19 (15.96) [1022] 24.78 (27.23, 22.33)
No 76.42 (17.05) [202] P = 0.001

Married or de facto
Yes 81.11 (14.88) [811] 22.37 (24.14, 20.254)
No 78.91 (18.64) [402] P = 0.027

PGWB, Psychological General Wellbeing Index; HT, hormone therapy.
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for PGWB when examined in relation to the same
variables, except for the vitality domain. Other variables
(smoking, exercise, and BMI) became statistically sig-
nificant for the domains ‘‘positive well-being,’’ ‘‘gen-
eral health,’’ and ‘‘vitality’’ (Table 4). None of the
models explained more than 5% of the variation in the
individual domain scores. For postmenopausal women,
being partnered was protective for the depressed mood
domain only. Age had a positive effect for anxiety, de-
pressed mood, positive well-being, and vitality. Exer-
cise had a positive effect for positive well-being and
vitality. Smoking had a negative effect on all domains
except general health, and BMI had a negative effect on
general health and vitality (Table 5).
Each of the androgens of interest was separately

entered into the model for the total PGWB score and for
the individual domains. For the total score, none of the
regression coefficients for any of the androgens
measured achieved statistical significance, and the
inclusion of any one of the androgens in the model did
not change the proportion of variation in the score
explained by the model. This was also true for the
domains of anxiety, depressed mood, positive well-
being, self-control, and general health. For the domain
of vitality in premenopausalwomen, whenDHEASwas
included in themodel, its positive regression coefficient
was statistically significant at P = 0.039, although the
total variation in vitality explained by the model was
still less than 5% The contributions of exercise
(positive), age (positive), and BMI (negative) remained
significant at the 5% level.

DISCUSSION

We report that for premenopausal women, the serum
level of DHEAS is independently and positively
associated with the domain score for vitality. This
finding has been established in a large study of non-

health–care-seeking women randomly recruited from
the community. Consistent with the size and diversity of
the study population, we found the same relationships
between age,12 marital status,12,13 smoking,12 BMI,12,14

exercise,15 and well-being that have been previously
reported. In the multiple regression analysis, having
a partner was the single most important determinant of
well-being among young women. For postmenopausal
women, partner status was not important for overall
well-being but was important and protective for the
domain of depression. The Melbourne Women’s Mid-
life Health Project has reported that well-being at the
time of menopause is affected by a change in partner
status,16 although it is difficult to compare this finding
with that of the current study as the method of assess-
ing well-being was different and assessing change in
partner status is different from assessing the impact of
current partner status.

The only indicator we had for socioeconomic
status was postal code, which was not found to be an

TABLE 3. Models for total Psychological General Wellbeing Index

Premenopausal women (n = 621)a Postmenopausal women (n = 603)b

Unstandardized
coefficient

CI of
unstandardized
coefficient P value

Unstandardized
coefficient

CI of
unstandardized
coefficient P value

Married or de facto 4.89 2.11, 7.67 0.001 0.621 22.033, 3.274 0.646
Exercise 2.80 20.47, 6.06 0.093 4.032 0.396, 7.669 0.030
Smoker 23.06 26.37, 0.24 0.069 26.543 210.877, 22.208 0.003
Body mass index 20.108 20.29, 0.075 0.248 20.317 20.522, 20.111 0.003
Age (years) 0.055 20.092, 0.203 0.463 0.324 0.170, 0.477 #0.001
Hormone therapy
(postmenopausal women only) 24.048 26.769, 21.326 0.004

aFor premenopausal women, R = 0.192, R2 = 0.037 significance of the regression P = 0.001.
bFor postmenopausal women, the regression was significant at P = 0.001, and the R2 value was 0.091.

TABLE 4. Variables statistically significant in models for
domains of the Psychological General Wellbeing Index in

premenopausal women

Domain
Significant
variables Direction

Significance
of regression R2

Anxiety Married/de facto Positive 0.001 0.046
Depressed mood Married/de facto Positive 0.001 0.035
Positive

well-being Married/de facto Positive 0.001 0.035
Exercise Positive
Smoking Negative

Self-control Married/de facto Positive 0.051 0.018
General health Married/de facto Positive 0.001 0.036

BMI Negative
Smoking Negative

Vitality Exercise Positive 0.002 0.031
Age Positive
BMI Negative

BMI, Body Mass Index.
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independent determinant of well-being. We would have
expected that socioeconomic status would have a pos-
itive relationship with well-being;12 however, we know
that residential area is not an ideal indicator of socio-
economic status, and other measures of socioeconomic
status may have given us a different outcome.17

That HT users in the community had lower levels of
well-being than nonusers is consistent with the obser-
vation that HT users in the community have poorer
health as assessed by the Short Form 36 (SF-36)
questionnaire.18 In contrast, HT did not adversely affect
the SF-36 scores in a large randomized controlled trial
of HT versus placebo.19 Taken together, these data
suggest that, within the community, HT users are more
likely to have associated adverse health issues that pre-
dispose them to lower well-being scores, rather than this
being an effect of HT per se.
The positive relationship between well-being and

age12 and the negative relationship between androgens
and age20,21 are well known. We suspected that the in-
verse relationship between PGWB and the androgens
that we found in our univariate analysis was likely to
be an artifact of age, and this was borne out by our
regression model, in which the inclusion of age elimi-
nated any relationship between PGWB and androgens,
except in the case of DHEAS in premenopausalwomen,
for which the relationship with PGWB became positive.
Studies of DHEA therapy in women with adrenal

insufficiency support the use of DHEA to promote

positive well-being.3,4 Conversely, Barnhart et al22 did
not find a benefit of DHEA on well-being in peri-
menopausal women. Although there is evidence that
exogenous testosterone improves well-being in healthy
premenopausal and postmenopausal women using the
PGWB,1,2 data that low testosterone is associated with
low well-being are lacking.
We did not find any relationships between low total

or free testosterone and low values for any of the
domains of the PGWB. Being able to precisely measure
low serum testosterone is fundamental to this field of
research. We validated the assay used in this study in
a subgroup of the study population against a rigorously
validated and widely published assay.8,23,24

The finding that DHEAS makes an independent
positive contribution to vitality among premenopausal
women should be interpreted with caution, as this
analysis involved multiple comparisons and may be
a chance finding. The androgen values were not entered
into the model together because by sharing a common
biosynthetic pathway, they are strongly related to each
other. That we have seen a significant relationship
between DHEAS and vitality only among premeno-
pausal women does not necessarily mean DHEAS is
unimportant in postmenopausal women, but it is
possibly a consequence of the range of DHEAS levels
being much greater in younger women, thereby
providing our analysis with sufficient variability for
a relationship betweenDHEAS and vitality to emerge in
this group.
DHEAS circulates in micromolar concentrations,

versus the much lower nanomolar concentrations of
total testosterone and picomolar concentrations of free
testosterone, and is the primary substrate for approx-
imately 50% of ovarian testosterone biosynthesis.25

Most of the androgen action at a cellular level in women
is believed to be a consequence of peripheral intracrine
tissue synthesis of testosterone from the inactive
precursors DHEA and DHEAS.26 Thus, the relation-
ship between DHEAS and vitality may indicate that
serum DHEAS is a good marker of overall tissue
androgen exposure, rather than DHEA itself being the
effector at the tissue level.

CONCLUSION

In conclusion, based on our findings, further research
is warranted to examine the predictive value of DHEAS
for vitality as an a priori hypothesis and the effects of
DHEA therapy on well-being in premenopausal women.

Disclosures: S. Davis received an unrestricted research grant
support from: Procter & Gamble, Servier, Solvay and Wyeth and

TABLE 5. Variables that made a significant contribution to
individual domains of Psychological General Wellbeing Index

in postmenopausal women

Domain
Significant
variables Direction R2

Anxiety Smoking Negative 0.065
Age Positive
Use of HT Negative

Depressed mood Married/de facto Positive 0.07
Smoking Negative
Age Positive

Positive well-being Smoking Negative 0.075
Exercise Positive
Age Positive
Any HT Negative

Self-control Smoking Negative 0.044
Any HT Negative

General health BMI Negative 0.097
Any HT Negative

Vitality BMI Negative 0.129
Age Positive
Smoking Negative
Exercise Positive
Any HT Negative

All the regression equations were statistically significant at P = 0.001.
BMI, body mass index; HT, hormone therapy.
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