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A B S T R A C T

One of the diagnostic features of polycystic ovary syndrome (PCOS) is elevation of the androgen, testosterone. It
is known that women with PCOS are more likely to suffer from psychological problems, especially anxiety and
depression, than other women. However, little is known of how much of this is due to testosterone, and if so,
what the mechanism(s) might be.

This study explores the hypothesis that testosterone impacts women with PCOS both directly and indirectly,
via testosterone currently in the bloodstream and through prenatal exposure. It is hypothesised that direct effects
occur when testosterone acts directly upon receptors; indirect effects occur where the impact of testosterone is
mediated via another variable; activational effects are ephemeral and are caused by testosterone in the blood-
stream; organizational effects occur prenatally and cause permanent changes.

Four pathways are hypothesised in this paper: 1/ a direct and activational pathway which improves mental
rotation ability; 2/ an indirect and activational pathway, whereby distress is caused when the physiological
symptoms of testosterone are experienced as embarrassing or otherwise disturbing; 3/ an indirect and organi-
zational effect on mood, where elevated prenatal testosterone predisposes women with PCOS to low blood sugar
levels and thus low mood; 4/ and finally, it is suggested that the pathway from biology to psychology can be
travelled in reverse, with a direct activational effect of relaxation training on the reduction of adrenal androgens.

Testing these hypotheses has important implications for our understanding of PCOS, and our ability to treat
this condition more effectively.

Introduction

Roughly 8% of women have polycystic ovary syndrome (PCOS) [1].
Elevation of testosterone is one of the diagnostic criteria of PCOS.
Women with PCOS are may experience issues such as subfertility, acne,
hirsutism, obesity, and insulin resistance. Women with PCOS are more
at risk of cancer [2], and coronary heart disease and stroke [3] than are
other women.

In recent years it has become recognized that women with PCOS
may be more susceptible than other women to a range of psychological
issues [4], especially anxiety and depression [5]. However according to
some of the leading researchers in PCOS: “…there is still a long way
until we establish definitive causative links between the physiological
and the psychological phenomena that take place in PCOS” [6, p. 92].

The aim of this paper is outline testable, evidence-based hypotheses
in regards psychological aspects of PCOS.

Hypotheses

In medicine, PCOS has traditionally been regarded as a fertility issue
[7]. Today PCOS is seen a little more holistically, and although the
psychological aspects of PCOS have begun to be recognized in recent
years, this awareness is largely limited to anxiety and depression, which
are often explained as being the understandable reaction to having a
condition with distressing symptoms such as obesity. It has been sug-
gested [6] that we have barely scratched the surface of the biological
underpinnings of the psychological issues related to PCOS. The hy-
potheses presented in this paper offer a significant step forward, in not
only recognizing issues beyond anxiety and depression, but also in
seeing psychological issues in PCOS from a psychobiological perspec-
tive rather than a medical perspective.

Based on animal models, and on evidence from congenital adrenal
hyperplasia in humans [8], there are several ways in which testosterone
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might have an effect on women with PCOS. In this literature, the timing
of exposure to testosterone is recognized as important, and is usually
discussed in terms of activational effects, which result from circulating
levels of hormones in the postnatal bloodstream and are ephemeral, in
contrast to organizational effects, which occur at critical or sensitive
periods of prenatal or early neonatal life and are permanent. Pathways
might be direct, where testosterone acts directly upon receptors, or in-
direct, where the impact of testosterone is mediated by another variable.
Effects are sometimes combined, for example, an effect might be both
direct and activational. The various possible mechanisms and pathways
have been until now little explored in relation to psychological aspects
of PCOS.

It is important to be able to understand the psychobiological para-
meters of PCOS because it might help us to devise more effective
treatments for psychological and physiological problems in PCOS. This
in turn might potentially reduce the economic burden of PCOS, esti-
mated to cost at least $13.9 billion annually in the United States [9].

We hypothesise that:

1/ Increased mental rotation ability in PCOS is caused by a direct and
activational effect of testosterone.

2/ Distress caused by living with the unwelcome symptoms of PCOS is
an indirect activational effect of testosterone.

3/ Mood issues in PCOS are additionally likely to be partly an orga-
nizational effect of elevated prenatal testosterone on the metabolic
system, causing a tendency to low blood sugar and thus low mood.

4/ Relaxation training will reduce the production of adrenal androgens
via a direct activational effect.

Evaluation of the hypothesis

Hypothesis 1: increased mental rotation ability in PCOS is caused by a direct
and activational effect of testosterone

This pathway is hypothesised to explain the findings of a study [10]
in which 69 women with PCOS and 41 subfertile controls completed a
standard three-dimensional mental rotation task [11]. Previous re-
search has found that performance on this task shows a sex difference
[12], and is related positively with testosterone [13]. Serum testos-
terone concentrations were measured using the Roche Elecsys system
1010/2010 Modular E170, a direct electrochemiluminescence (ECLIA)
methodology (Roche Diagnostics, Indianapolis). Women with PCOS
scored higher than controls on the mental rotation task, with a median
(range) of 3.00 (0–9) and 2.00 (0–8), respectively (Mann-Whitney
U=1147.500, N1=69, N2= 41, p < .047). In the PCOS group but
not controls, testosterone was positively correlated with mental rota-
tion scores (rs=0.376, N= 56 p < .002) and estradiol was negatively
correlated with mental rotation scores (rs= –0.473, N=29,
p < .010). Other factors, including general intelligence and social
class, did not account for these effects, leaving the direct activational
effect of testosterone in women with PCOS as a plausible explanation
(see Fig. 1, and Supplementary Fig. 1a).

It is also possible that this direct/activational effect has its etiology
in prenatal exposure to testosterone in PCOS [14], masculinising brain
morphology. According to this hypothesis, prenatal exposure would
increase the expression of androgen receptors in cortical areas, the
hippocampus and parietal lobe, which are associated with visuospatial
ability. This greater abundance of receptors would facilitate the uptake
of circuiting testosterone, increasing mental rotation task performance.
However, against this hypothesis, the effect of PCOS on mental rotation
ability [10] was seen only in those women with elevated testosterone
levels; women with PCOS and normal testosterone levels did not show
enhanced mental rotation ability. Ultimately, the evidence in this study
is largely correlational, and the hypothesis could be better tested by
comparing the mental rotation ability of women with PCOS before and
after taking androgen-lowering medication, such as spironolactone,

which would be hypothesised to reduce mental rotation ability.
The alternative hypothesis, that mental rotation differences are due

to organizational effects of prenatal testosterone exposure on brain
structure, could also be tested by mapping androgen receptors using
positron emission tomography (PET) in women with PCOS. Androgen
receptors could be mapped both in terms of distribution [15] and de-
gree of activity [16] to find out whether there are differences between
women with PCOS compared to other women, and whether such dif-
ferences are related to scores on mental rotation tasks.

Distress is caused by living with the unwelcome symptoms of PCOS, an
indirect activational effect of testosterone

This pathway is hypothesised to explain the findings of a study [17]
in which 76 women with PCOS and 49 subfertile controls completed the
Hospital Anxiety and Depression Scale (HADS) [18], PCOS Quality of
Life Questionnaire (PCOSQ) [19], Eysenck Personality Questionnaire
(EPQ) [20] and the Aggression Inventory [21]. Assays were performed
as described in [10]. Controlling for age and body mass index (BMI)
using multivariate analysis of covariance (MANCOVA), it was found
that women with PCOS were significantly more neurotic (had difficulty
coping with stress) than controls (F= 3.95, p < .05), and had more
quality of life problems related to acne (Z= -2.75, p < .01). Women
with PCOS also had more anger symptoms, and a greater tendency to
withhold anger. Testosterone was not generally correlated with mood
states, and in regression of testosterone on neuroticism in PCOS, R
Square change analysis of the data (not previously published) shows that
testosterone explained only 4% of neuroticism scoring. In contrast, the
QoL impact of hirsutism explained 16% of scoring in neuroticism, QoL
for acne explained 13% of scoring in neuroticism, and QoL for men-
strual problems explained 10% of scoring in neuroticism; these three
QoL subscales combined explained 25% of scoring in neuroticism. The
pattern of relationships was similar when anxiety and depression, ra-
ther than neuroticism, were the dependent variables. Thus mood dis-
turbance in PCOS is likely to be partly due to an indirect activational
effect of testosterone, in that testosterone causes distressing physical
symptoms (skin problems, subfertility etc) which in turn have a

Fig. 1. A model of the suggested mechanisms underlying psychological problems in
PCOS. The double headed shaded arrows indicate bidirectional causation. An interactive
version of this diagram is available at Supplementary Fig. 1a–c which highlights each
pathway.
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