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ABSTRACT
Bipolar disorder is a chronic, cycling disorder affecting circa 2% of the population and
whose pathophysiology is still largely unknown. It has been suggested that common
treatments used for bipolar disorder have effects on the sex steroids yet sex steroids have also
been shown to have widespread effects in the brain in systems of relevance to bipolar
disorder. For example, DHEAS and progesterone have opposing effects on the glutamatergic
and GABAergic systems essential for the regulation of other brain processes. The enzymes
which are involved in the interconversions between these compounds are affected by a
number of factors including polymorphisms in the genes coding for these enzymes. Papers 13 examine common polymorphisms in AKR1C4, HSD3B2 and SRD5A1, their relationships
with 8-9 am serum hormone concentrations as well as to retrospectively but systematically
collected data on symptoms which in animal and human studies have shown a possibility of
connection to neurosteroid abnormalities. All investigations including history taking was
done in euthymic phase of bipolar 1 or 2 disorders and included all available sources of
information such as chart review and third party information. In paper 1, men but not women
had lower serum progesterone concentrations during euthymic phase of bipolar disorder if
they had exhibited manic irritability as opposed to euphoric mania. A gene variant of
AKR1C4 was associated with lower progesterone concentrations and polymorphisms of this
gene were also more frequent in the males with prior irritability during mood elevation.
Paper 2 showed that these same polymorphisms that increased risk in men reduced the risk
for paranoid ideation during mania in women. However in men, DHEAS and progesterone
were both lower and this coupled at a trend level to a polymorphism in the HSD3B2 gene. In
paper 3, depressive psychomotor agitation was coupled in both men and women to
polymorphisms in SRD5A1. Yet only in men did one of the polymorphisms correspond to
increased progesterone, a finding which was in line with the finding of higher progesterone if
men had showed depressive psychomotor agitation.
Testosterone has different effects to progesterone and DHEAS in the brain and has been
implicated in psychosis, having effects on the dopamine system. In paper 4, parameters
measuring testosterone effects at different points in development were investigated in women
with bipolar disorder who had exhibited psychotic features and compared with those in
women with bipolar disorder without such features as well as healthy control women. The A
allele at rs6152 of the Androgen Receptor gene was associated with a greater risk of having
had psychotic symptoms and was at a trend level associated with an earlier debut of
psychotic symptoms. The D2:D4 finger ratio which is believed to be a measure of prenatal
testosterone milieu correlated with age of onset of psychosis indicating that high testosterone
in the foetus predisposed the individual to an earlier psychosis onset but not to getting
psychotic per se. A possible gene by drug interaction was found whereby the G allele rs6152
was associated with much higher bioavailable testosterone in the presence of neuroleptics.
Upon further investigation this was explained by lower SHBG (sex hormone binding
globulin) even in the presence of low doses of atypical neuroleptics.
Taken together these studies suggest the involvement of sex steroids in mediating risk to
particular phenotypes of presentation of bipolar disorder, rather than bipolar disorder itself.
The symptoms correspond to those regarded to be of the so called mixed states. Whilst the
studies are of reasonable size in ascertaining hormonal differences the studies are small with
respect to the genetic data and need to be replicated in larger samples.

SAMMANFATTNING PÅ SVENSKA
Bipolärt syndrom är en kronisk men cyklisk sjukdom som drabbar cirka 2 % av befolkningen
och vars patofysiologi fortfarande till stora delar är okänd. Vissa läkemedel som används mot
bipolärt syndrom påverkar könssteroiderna. Men könssteroider har även visats ha omfattande
effekter på hjärnsystem av relevans för bipolärt syndrom. Exempelvis har könssteroider som
DHEAS och progesteron visats ha motsatta effekter på de glutamaterga och GABAerga
systemen som är nödvändiga för regleringen av andra hjärnprocesser. Enzymerna som är
involverade i omvandlingen av könssteroiderna påverkas av många olika faktorer av vilka
korresponderande genetiska polymorfismer antas vara en. I delarbete 1-3 undersöks
polymorfismer i AKR1C4, HSD3B2 och SRD5A1 och deras relation till morgonkoncentrationer av hormoner i serum samt till retrospektivt insamlade data på symptom som i
djur- och humanstudier kan vara kopplade till neurosteroidsystemet. Alla utredningar
inklusive anamnestagning skedde under eutym fas av bipolär 1 eller 2 syndrom. Flera
informationskällor för skattning av symptom användes vilket ökar reliabiliteten. I delarbete 1
fann vi att män, men inte kvinnor, hade lägre serumprogesteron om man tidigare uppvisat
irritabilitet istället för eufori under manier. En genvariant i AKR1C4 var associerad lägre
serumprogesteron och den varianten var vanligare hos männen, men inte kvinnorna, som
uppvisat manisk irritabilitet. Delarbete 2 visade att den AKR1C4 allel som hos män var
associerat till manisk irritabilitet, var hos kvinnor skyddande för misstänksamhet under mani.
Hos männen var både DHEAS och progesteron lägre hos dem med misstänksamhet under
mani och detta var på trendnivå kopplat till polymorfismer i HSD3B2 genen. I delarbete 3
fann vi en association mellan psykomotorisk agitation (rastlöshet) under depressioner och
vissa genvarianter i SRD5A1 hos både män och kvinnor. Men enbart hos männen var risk
polymorfismerna och/eller depressiv agitation associerat med högre serumprogesteron.
Testosteron har delvis andra effekter än progesteron och DHEAS i hjärnan och har tillskrivits
betydelse för psykos. I delarbete 4 studerades flera parametrar som speglar
testosteroneffekten hos kvinnor med bipolär 1 eller 2 syndrom som antingen uppvisat
psykotiska symptom eller ej och friska kvinnor. A allelen av rs6152 i androgenreceptorn var
associerad med en högre risk för tidigare psykotiska symptom och var på en trendnivå
associerad med tidigare debut av psykossymptom. Mer maskulin fingerlängdskvot (D2:D4),
ett mått på prenatal testosteronexponering, korrelerade med tidig debut av psykosymptom
men inte till psykos per se. En gen-läkemedelinteraktion påvisades där den lägre risk G
allelen av rs6152 var associerad till mycket högre bioaktivt testosteron via lägre SHBG (sex
hormone binding globulin) och med låga doser av atypiska neuroleptika.
Sammantaget talar dessa studier för att könssteroider har betydelse för det fenotypiska
uttrycket av bipolärt syndrom. De studerade symptomen ingår i det konstrukt som benämnes
blandade episoder. Studierna har adekvat storlek för de hormonella fynden men är små
avseende de genetiska fynden vilka därför bör bekräftas i större grupper.
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ABBREVIATIONS
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5HT
ADE
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Affective disorders evaluation
Aldoketoreductase
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Dehydroepiandrosterone
Dehydroepiandrosterone sulphate
Dehydroepiandrosterone and Dehydroepiandrosterone sulphate
Dihydrotestosterone
Disrupted in schizophrenia 1
Diagnostic and statistical manual of mental disorders (versions
follow in roman numerals, except for version 5)
Drug use disorders identification test
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Electroencephalogram
Endoplasmic reticulum
Follicle stimulating hormone
Gamma aminobutyric acid type A
glial fibrillary acidic protein
Gonadotrophin releasing hormone
Genome wide association studies
3β-hydroxysteroid dehydrogenase type 1/ or type 2
Homovanillic acid
International Classification of Diseases (followed by version number)
Interleukin 1-β
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Mitogen activated protein kinase
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PROLOGUE
”Why do women who have had a postpartum psychosis become
hairy?”
(citation from a mother of one who had developed male patterned hirsutism
following a postpartum psychosis some years earlier)
This was the question posed to me, a first year resident in psychiatry in Perth, Western
Australia which spawned my interest in understanding the links between the sex-hormones
and the psyche. At the time it was thought that neuroleptics stimulating prolactin release
activated the hypothalamic.pituitary axis and could thus cause male patterned hirsutism. Yet
this woman indicated that the hair growth started days after becoming psychotic, before
being given neuroleptics and remained long after the neuroleptics hade been withdrawn (at
that time some 15 years). The explanation of neuroleptic induced changes seemed not to be
the whole story…
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1 INTRODUCTION
1.1 Historical Concept of Bipolar Disorder
Bipolar disorder used to be included in the group of illnesses called “the psychoses” which
included not only bipolar disorder (known then as manic-depressive illness) but also
schizophrenia, the paraphrenias and the various organic psychoses for example epilepsy,
neurosyphilis and poisonings from for example arsenic or bromide (Jaspers, 1942).
Kraepelin, whilst advocating a separate classification of manic depressive illness from
schizophrenia on the basis of course and prognosis, conceded that “to decide whether an
isolated state belongs to manic depressive insanity or not without a survey of the whole
course, is not always easy. The principal difficulties arise in general with paralysis (tertiary
syphilis) and dementia praecox (schizophrenia)”. He advised that in order “to decide between
the two diseases (schizophrenia and bipolar disorder) one needed to consider their “history of
origin”. By this he meant the age of onset, if “manic or cyclothymic predisposition” was
present and, to a certain extent, the type of family history (whether bipolar disorder, unipolar
depressions or schizophrenia predominated) (Kraepelin, 1921). Kraepelin saw manic
depressive insanity as a much more episodic illness with full recovery between episodes in
contrast to those with dementia praecox (later to be termed schizophrenia) which was a
chronic unremitting condition. However he noted that 10% of persons with manic depressive
illness developed a chronic course which he labelled as manic dementia. (Kraepelin, 1921).
The Kraepelinian viewpoint was continued in DSM-II (Diagnostic and Statistical Manual for
Mental Disorders- version II) and ICD-9 (International Classification of Diseases version 9)
where bipolar disorder or manic depressive illness as it was then known was still included in
the psychoses (APA, 1968; WHO, 1977). Of interest in the Kraepelinian classification is that
many of those with a schizophrenic like picture but fully remitting would have been
considered to have another diagnosis especially manic depressive illness.
Psychosis as a concept has waxed and waned in popularity. What seems on the surface as
self-evident – that of an inability to interpret and to deal with reality in an adaptive way –
becomes murky when attempting to define the conceptual components. The definition in
Kaplan and Sadock 8th edition (Sadock, 2005) is “a mental disorder in which the thoughts,
affective response, ability to recognize reality and ability to communicate and relate to others
are sufficiently impaired to interfere grossly with the capacity to deal with reality; the
classical characteristics of psychosis are impaired reality testing, hallucinations, delusions
and illusions”. The description clearly specifies more symptoms than the examples given: for
instance, very elevated or very low moods can markedly affect the interpretation of events
whilst thought disorder directly impairs the capacity to communicate. By this definition
bipolar disorder can in its severe form be regarded as a psychotic illness.
The definition of psychosis requires a judgement of severity of the functional impairments
associated with the symptoms, a subjective task with inherent difficulties. This latter point
also raises the possibility of those having these same symptoms not automatically being
impaired by them and thus not being considered psychotic. For example, those who get on
with life despite a continual running commentary by a voice – are they to be regarded as
psychotic or not? The imprecision in the psychosis concept leads to the possibility of
idiosyncratic interpretation of the concept. In fact inter-rater reliability of the concept was
found to average 0.55 in a number of studies (Spitzer and Fleiss, 1974). As a result,
psychosis as a concept was not seen as a helpful to retain in the DSM-III or in the ICD-10
whose ambitions were to operationalize symptom definitions so as to make the inter-rater
6

reliability of diagnoses higher (Spitzer et al., 1975; Spitzer et al., 1979). Alas “psychotic
disorder” remained in some diagnostic titles but now without an accompanying full definition
of the concept, being reduced instead to criteria of hallucinations, delusions, disorganized
speech and disorganized or catatonic behaviour as in schizophrenia (APA, 1980; WHO,
1993). Bipolar disorder, which often but not always, presents with psychotic features, was
thereby excluded from the psychotic disorders group and moved into a separate affective
disorders category.
The debate as to whether bipolar disorder belongs to the psychotic disorders group or to a
separate mood disorder group has once again been actualised in the lead up to the DSM-5
and ICD-11. Whilst the study group charged with examining evidence for shared features
across diagnostic groups have opted for conserving the current demarcation of DSM-IV-tr
many researchers have advocated for the return of the bipolar 1 diagnosis to the “psychotic
disorders” (Bora et al., 2009; Carpenter and Fischer, 2009; Craddock et al., 2009; Craddock
and Owen, 2005; Jabben et al., 2009; Murray et al., 2004; Owen et al., 2007; Zanelli et al.,
2010). Advocates of a unitary mood disorder classification have wished to retain bipolar 1
and 2 subtypes together and argued for the differences seen between schizophrenia and
bipolar disorder. Differences between bipolar disorder and schizophrenia have been found for
example in the neurodevelopmental pathway where schizophrenia is associated with greater
prevalence of winter births, delivery complications and neuromotor features during
childhood than bipolar disorder (Murray et al., 2004). This has previously been thought to
associate with foetal infection rates however epidemiological studies examining infectious
epidemics and frequency of outcome in form of bipolar disorder are lacking and the above
hypothesis is yet to be proven. Studies examining presence of antibodies to infectious agents
such as toxoplasmosis or cytomegalovirus or herpes do tend to show increased prevalence of
antibodies in bipolar disorder just as they do for schizophrenia (Pearce et al., 2012; Tedla et
al., 2011) even though not all studies have been able to confirm this (Mortensen et al., 2011)
leading one to conclude that there are other factors responsible for the noted differences.
Bipolar disorder patients tend to do better than schizophrenia patients in verbal measures of
neuropsychological tests and possibly also have higher premorbid intellectual function
although those with psychotic symptoms tend to equate more with the schizophrenia group
(Daban et al., 2006). Great heterogeneity exists however between patients even within the
same diagnostic group. Whilst there are similarities in the longitudinal development of brain
changes including brain volumes and ventricular enlargement there are differences also:
cortical thinning appears to be a feature of schizophrenia and not bipolar disorder (Rimol et
al, 2012) and some areas appear to enlarge during periods of illness in bipolar disorder but
not so in schizophrenia (Fornito et al., 2009). Brain network disconnectivity differs such that
the meso-paralimbic to fronto-temporal network (a network involved in emotional
processing) is abnormal in bipolar disorder and not in schizophrenia (Meda et al., 2012). The
localization of abnormal resting default modes in intrinsic brain networks differ also between
schizophrenia and bipolar disorder whilst the low power of low frequency rhythms is found
equally in the two patient groups but more often than in healthy controls (Calhoun et al.,
2012).
Over the past 20 years an ever increasing body of evidence suggests overlap of shared
genetic loading between schizophrenia and bipolar disorder. This has been seen in both large
epidemiological studies (Lichtenstein et al., 2009) as well as with regard to polymorphisms
in genes such as disrupted in schizophrenia-1 (DISC1) (Hodgkinson et al., 2004; LepagnolBestel et al., 2010; Maeda et al., 2006; Millar et al., 2000; Perlis et al., 2008), ankyrin3
(ANK3) and calcium channel, voltage dependent p/q type alpha 1 subunit (CACNA1C)
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(Baum et al., 2008; Ferreira et al., 2008; Scott et al., 2009; Sklar et al., 2008; Smith et al.,
2009). With regard to symptom classification of psychosis as opposed to syndrome
classification, brain derived neurotrophic factor (BDNF) has shown some overlap (Baum et
al., 2008; Liu et al., 2008b; Neves-Pereira et al., 2005; Neves-Pereira et al., 2002; Sklar et al.,
2002). However some genes appear to be more specific for bipolar disorder and, not
surprisingly given the cyclicity of the illness, various “clock” genes appear to be amongst
these (Baum et al., 2008; McGrath et al., 2009; Shi et al., 2008; Sklar et al., 2008). The
search for mechanisms linking polymorphisms to disease findings have inspired a number of
studies looking at age of onset, severity ratings, brain morphology, brain activation and
neurophysiological differences according to genotype as well as attempting to couple
individual symptoms with genotype (see for example with regards to BDNF. (Agartz et al.,
2006; Numata et al., 2006; Spalletta et al., 2010; Whalley et al.,2010; Xu et al., 2008)
With regard to the depressive spectrum disorders with which bipolar disorder nowadays is
classified it is acknowledged that there are major differences between bipolar disorder and
unipolar depression in terms of imaging findings, (Goldberg et al., 2009a) prevalence of
antibodies to infectious agents (Pearce et al., 2012) and in neurocognitive profiles (Castaneda
et al., 2008; Gualtieri and Morgan, 2008) even though very few studies have directly
compared euthymic bipolar patients with euthymic patients suffering from recurrent
depressions. The distinction between bipolar 1 and 2 disorders has been questioned given the
overlap of cognitive deficits (see meta-analysis by Bora et al (2010)) and symptoms which
only differ in severity and degree of functional impairment.
1.2. Modern Definition and Classification of Bipolar Disorder
DSM-IV-tr defines bipolar disorder as consisting of bipolar 1 disorder, bipolar 2 disorder,
cyclothymia and bipolar disorder not otherwise specified. In this discussion, focus will be
placed on the first two of these. The criteria for bipolar 1 and 2 disorders are listed in Table1.
In Bipolar 1 disorder there has been at least 1 manic or mixed episode but there may or may
not have been depressive episodes whereas in bipolar 2 disorder there have been depressive
episodes and periods of hypomania. These symptoms are the same as for mania but which do
not markedly impair functioning, cause hospitalization or include psychotic symptoms. In
other words these states differ only in severity and not in character. DSM-IV-tr added to the
previous definition in DSM-IV that the symptoms of hypomania may indeed improve
functioning, a fact that is well known clinically where bursts of creativity, heightened clarity
Table 1: Criteria for Bipolar Disorder in DSM-IV-tr
Bipolar 1 disorder
Single manic episode
History of at least 2 mood
episodes 1 of which must be
either of manic or mixed
character, not solely hypomanic.
Depressive, hypomanic episodes
may or may not have been present
The symptoms cause marked distress or impairment in
social, occupational or other important areas of functioning
and may require hospitalization and may include
psychotic features

Bipolar 2 disorder
One or more depressive episodes – never had
a manic episode. One or more hypomanic
episodes

The symptoms cause significant but not
marked distress or impairment in social,
occupational or other important areas of
functioning and do not necessitate
hospitalization nor should a hypomanic
episode include psychotic features
Symptoms not better accounted for by schizoaffective disorder, schizophrenia, schizophreniform disorder,
delusional disorder or psychotic disorder not otherwise specified, or other organic disorders be they substance
related or due to medical condition
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and energy often help affected individuals to focus on desired endeavours. Table 2 describes
the symptom criteria for each type of episode. Persons not meeting the time criteria for
symptom complexes are in the DSM system diagnosed with either cyclothymia or bipolar
disorder not otherwise specified. This time criterion is controversial (Akiskal et al., 2000;
Angst et al., 2003; Lewinsohn et al., 2002) with the suggestion of even 1-2 days of
hypomania being indicative of a similar disease process to that of longer duration episodes.
Psychotic symptoms are not specifically mentioned in the criteria for mania or depression in
the DSM-IV-tr.
ICD-10 defines bipolar disorders differently to DSM-IV-tr. In particular it does not
differentiate bipolar 1 from bipolar 2 even though it specifies differences between manic and
hypomanic episodes.
1) In mania, symptoms of increased libido and sexual indiscretions are singled out as a
separate criterion from other reckless behaviours; inappropriate social behaviour with
loss of inhibitions is also made a separate item
2) Mania is subdivided into (i) “nonpsychotic” mania which may include hyperacusis
and the appearance of vivid colours, and (ii) “psychotic” which is further divided into
mood-congruent (grandiose) and non mood-congruent (voices speaking about neutral
subjects, delusions of reference or persecution).
3) All delusions of control, passivity phenomena and other bizarre delusions as well as
critical 3rd person hallucinations places the person in a schizoaffective category which
in ICD-10 does not require periods of separate mood and schizophrenic like episodes
as this does in DSM-IV-tr. By contrast DSM-IV-tr places bizarre delusions including
those of control in the mood incongruent category of psychotic, severe mania (see
Table 3)
4) Hypomania excludes grandiosity and racing thoughts as symptom criteria but adds
increased libido, mild overspending and recklessness as well as increased sociability
or irresponsible behaviour thereby clearly separating out those that are moving
toward psychotic experiences that may be partially controlled by present treatment.
5) ICD 10 does not specify required numbers of symptoms of opposite pole to be present
in order to diagnose a mixed episode but regards rapid shifts between manic,
depressive and hypomanic episodes as important along with a 2 week minimum
period. This means it is easier to meet criteria for mixed episode than it is in the DSM
classification and that some of these will be regarded as having rapid cycling variety
of bipolar disorder in the DSM tradition as opposed to mixed episodes.
Table 3: Key Differences Between DSM-IV-tr and ICD-10 with Respect to Diagnosis of Affective
Psychotic Symptoms
Symptoms
ICD-10
DSM IV-tr
Delusions of persecution
Mood incongruent
May or may not be mood
incongruent depending upon
whether they relate to grandiosity
Neutral voices during manic or
Mood incongruent
Mood incongruent
depressive phase
Bizarre delusions, delusions of
Schizoaffective disorder even if
Mood incongruent
control, passivity phenomena and
they occur during affective
all 3rd person voices commenting
episode
on person
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The symptoms cause clinically significant
distress or impairment in social,
occupational or other important areas of
functioning

The episode is associated with an
unequivocal change in functioning that is
uncharacteristic of the person when not
symptomatic and is observable by others

The episode is not severe enough to
cause marked impairment in social or
occupational functioning nor necessitate
hospitalisation nor are there psychotic
symptoms. In fact there may be
improved functioning

The symptoms do not meet criteria for a
mixed episode

Causes marked impairment in
occupational functioning or in usual social
activities or relationships with others, or
necessitates hospitalisation to prevent
harm to self or others or there are
psychotic features

The symptoms are not due to a medical condition

The symptoms do not meet criteria for a
mixed episode

At least 3 (and 4 if mood irritable) of the
following symptoms
1) inflated self esteem, grandiosity
2) decreased need for sleep
3) more talkative than usual or pressure
to keep talking
4) flight of ideas or racing thoughts
5) distractibility
6) increase in goaldirected behaviour or
psychomotor agitation
7) excessive involvement in pleasurable
activities that have a high potential
for painful consequences (eg
unrestrained buying, sexual
indiscretions, high risk business
ventures)

At least 3 (and 4 if mood irritable) of the
following symptoms
1) inflated self esteem, grandiosity
2) decreased need for sleep
3) more talkative than usual or pressure
to keep talking
4) flight of ideas or racing thoughts
5) distractibility
6) increase in goaldirected behaviour or
psychomotor agitation
7) excessive involvement in pleasurable
activities that have a high potential for
painful consequences (eg unrestrained
buying, sexual indiscretions, high risk
business ventures)

Causes marked impairment in
occupational functioning, in usual social
activities or relationships with others, or
necessitates hospitalisation to prevent
harm to self or others or there are
psychotic features

Not accounted for by uncomplicated
bereavement

In addition – at least 3-4 of following
1) weight loss or gain or increase or
decrease in appetite
2) increased or decreased sleep
3) observable psychomotor slowing
(retardation) or restlessness
(agitation)
4) fatigue or loss of energy
5) feelings of worthlessness, or guilt
which may be delusional
6) concentration difficulties and
indecisiveness
7) recurrent thoughts of death and
suicidality

Either depressive mood OR loss of interest
for at least 2 weeks – may have both

Criteria are met for both a manic episode
and a depressive episode nearly everyday
during at least 1 week

A distinct period of persistently elevated,
expansive or irritable mood lasting
throughout at least 4 days

A distinct period of abnormally and
persistently elevated, expansive or
irritable mood > 1 week or less if
hospitalized
Symptoms from mania and depression

Depressive Episode

Mixed Episode

Hypomanic Episode

Manic Episode

Table 2: DSM-IV-tr Mood Episode Definitions

Thus in conclusion, these differences highlight the uncertainty in operationally classifying
what appear to be spectrum conditions into categorical entities. Differences in diagnostic
systems do however impact prevalence estimates of bipolar disorder and its subtypes (Angst
et al., 2003; Vieta and Morralla, 2010) as well as phenotypes used in delineating the illness
for further study potentially aiding or hampering progress in understanding the pathophysiological basis of bipolar disorder.
1.2.1 Symptom Analysis and Stability
Factor analytic studies have addressed a core question in attempting to define useful phenotypes of bipolar disorder for biological research – that of whether certain symptoms cluster
together in mania or depression. Table 4 summarizes the studies that have been conducted
over the past 15 years. A variety of rating scales have been used in the different studies
making direct comparisons difficult. By and large however there appear to be some common
themes in mania i) core hedonic features, ii) increased psychomotor activity, iii) dysphoria
Table 4: Factor analytic studies of mania and bipolar depression
Mania
Study
Number of
Rating
Factors
participants
scale
Cassidy et al.,
81
SMNS-20
5 (dysphoric, psychomotor pressure, psychosis, increased
1998
hedonic function, irritable aggression)
Serretti et al.,
523
Opcrit 16
3 (psychomotor excitement, psychosis, irritability/motor
1999
agitation
Dilsaver et al.,
105
SADS-37
4 (manic activation, depressed state, sleep disturbance,
1999
irritability/paranoia)
Rossi et al.,
124
BRMaS-11
5 (activation-euphoria, depression, psychomotor
2001
BRMeS-11
retardation, hostility, sleep disturbance)
Swann et al.,
162
SADS,
6 (impulsivity, hyperactivity, anxious pessimism,
2001
ARDS
distressed appearance, hostility, psychosis)
Perugi et al.,
153
CPRS-18
5 (depressive, irritable agitated, euphoric, grandiose,
2001
accelerated, paranoid - anxious
Sato et al.,
576
AMDP-37
7 (depressed mood, irritable aggression, insomnia,
2002
depressive inhibition, pure manic symptoms, emotional
lability/agitation, psychosis
Gonzales-Pinto
103
YMRS-11
5 (depression, dysphoria, hedonism, psychosis, activation)
et al., 2003
HDRS-21
Akiskal et al.,
104
MSRS-26
7 (disinhibition, paranoia-hostility, deficit, grandiosity2003
HDRS-17
psychosis, euphoria, depression, hypersexuality)
Picardi et al.,
88
BPRS-24
4 (mania, disorganization, positive symptoms, dysphoria)
2008
Gupta et al.,
225
CASH
6 (psychosis, irritability/aggression, dysphoria,
2009
accelerated thought stream, hedonia, hyperactivity)
Bipolar depression
Benazzi et al.,
251
MADRS
3 (sadness, reduced sleep and appetite,
2001
hopelessness/lassitude/concentration and inability to feel
Harvey et al.,
134
DPRS-17
5 (psychosis/retardation, somatisation/phobia/euphoria,
2009
hostility/excitement, obsessions/disorganization,
interpersonal sensitivity/anxiety)
ADRS – Affective Disorders Rating Scale; AMDP – Association for Methodology and Documentation in
Psychiatry; BPRS – Brief Psychiatric Rating Scale; BRMaS – Bech-Rafaelsen Mania Scale; BRMeS – BechRafaelsen Melancholia Scale; CASH – Comprehensive Assessment of Symptoms and History; CPRS –
Comprehensive Psychopathology Rating Scale; DPRS – Derogatis Psychiatric Rating Scale; HDRS –
Hamilton Depression Rating Scale; MADRS – Montgomery-Åsberg Depression Rating Scale; Opcrit –
Operational criteria checklist for psychotic illnesses; SADS – Schedules for Affective Disorders and
Schizophrenia; SMS – Scale for Manic States; YMRS - Young Mania Rating Scale
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during mania separating out from other manic symptoms, iv) irritability/hostility coupled in
some studies with motor agitation and in others with paranoia, whilst v) paranoia itself
appeared to be separate from grandiosity supporting the ICD distinction of paranoia as mood
incongruent. This latter is interesting given the frequent clinical association between grandiosity (for example, being sent to achieve a particular mission, being a representative of God
or some important person) and feelings of being thwarted by carers and others giving rise to
mistrust and paranoid ideation.
In bipolar depression there were no clear cut commonalities between the 2 studies but both
groups noted that the factor split varied between recurrent unipolar depressions and bipolar
depressions (Benazzi, 2001; Harvey et al., 2009).
How stable are symptom clusters in mania and depression over episodes? Clinical lore has
regarded symptoms as often recurring across episodes almost in a signature pattern for each
individual. These observations spawned the interest in identifying individual early warning
signs of mania and depression in order to help individuals and their families to manage the
illness, this now being a recognized part of the routine clinical management of bipolar
disorder. However, not many studies have specifically addressed how great the symptom
concordance is between episodes. Cassidy (2002) reported on 77 patients with bipolar
disorder and found correlations of 0.4 to 0.6 for summed subscale scores for manic
psychosis, irritable aggression, hedonic activation and dysphoria across episodes as well as a
correlation 0.35 for pure mania. Sato (2003b) likewise described similar moderate stability of
manic dysphoria, irritable aggression, psychomotor inhibition, pure mania, emotional lability
and psychosis across 4 episodes in 253 patients. Coryell (1994) examined depression
subtype in 57 bipolar 1 patients and 76 bipolar 2 patients and found high likelihood of same
depressive subtype on relapse (agitated/retarded, psychotic, “endogenous”). Perlis (2009)
examined 583 persons with a bipolar 1 or 2 disorder enrolled in the Systematic Treatment
Enhancement Programme for Bipolar Disorder (STEP-BD) project for depressive symptoms
and found greatest symptom stability for psychomotor agitation, hypersomnia, suicidal
ideation, guilt/rumination, impaired concentration, insomnia, and distractibility and psychotic
symptoms (although the latter were rare in the studied sample). Even when controlling for
anxiety, substance use and rapid cycling status these symptoms appeared stable across
episodes. Most of these studies comment that there is the greatest similarity in
symptomatology between contiguous episodes and that those episodes coming later share
fewer symptoms with the index episode. So whilst there are correlations between symptom
clusters these are not absolute.
1.2.2 The Dilemma of Mixed States
The classic symptoms of mania and depression can be seen analogously as turning the
thermostat up or down. These include the over and underactivity states where speed of
speech and thought as well as motor activity are affected. Furthermore this analogy can
explain the level of interest expressed in daily life for example with food, sex and pleasurable
activities. It is not unreasonable to think that so called clock genes and “thermostat”
mechanisms may be involved in the aetiology of these symptoms. However it is less easy to
understand irritability and non mood-congruent psychotic features from this perspective as
well as the intrusion of for example mania into depression or depression into mania.
Whilst mixed states have been recognized since antiquity as separate entities to pure
excitation and pure melancholia (Koukopoulos et al., 2007; Marneros, 2001) it is Kraepelin
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and Weygandt that first furthered the conceptual thinking behind these states (Kraepelin,
1921; Weygandt, 1899). Both saw 3 main symptom axes that could alternate and occur in
different combinations (Figure 1). In short these are i) mood – dysphoric to euphoric, ii)
psychomotor activity – inhibited (retardation) to excessive (purposeful or nonpurposeful
meaning agitation), and iii) thought – inhibited to intense. This conceptualization fell into
disuse in the 20th century until the emergence of hard to treat depressions, the issue of switch
into mania from antidepressants and the issue of rapid cycling mood states which caused a
resurgence of interest in the issue of mixed states (Koukopoulos et al., 2007).

Euphoric mood
Thought inhibition

Psychomotor
agitation

Psychomotor
inhibition

Flight of ideas
Dysphoric mood
Figure 1: Kraepelinian conceptualization of the 3 axes which contribute to the
manifestation of pure manic, depressive or mixed states
As regards to alternate descriptions of bipolar disorder including the mixed spectra of
symptoms, Karl Leonard furthered the work of Wernicke, developing a nosology based on
thousands of patient interviews. With an inter-rater reliability of 0.9 his nosology describes
various subforms of pure mania and depression based on the traditional up or downregulation of activity and emotional tone, as well as various forms of “cycloid psychoses”
which he described as sharing traditional symptoms of manic-depressive illness including the
longitudinal course of remitting episodes but were separate from the pure bipolar/unipolar
disorders as well as separate to the schizophrenias. He described 3 types of cycloid psychosis
i) anxiety-happiness psychosis which consists of frequent phases of anxiety, distrust, sense of
being controlled and ideas of references which may alternate less frequently with periods of
ecstatic mood and happiness, ii) excited-inhibited confusion psychosis whereby excitation
and pressured speech are accompanied by incoherence, auditory hallucinations and
misidenti-fications whilst periods of psychomotor inhibition may be accompanied by
perplexity and ideas of reference, and iii) hyperkinetic-akinetic motility psychosis where
excitable non-purposive movements often are accompanied by pressure of speech and word
salad and alternate with periods of psychomotor retardation and non-responsiveness. Implicit
in his argument is the assumption of stability over time even though statistical data on the
stability of these symptom clusters in the English translation of his nosology is lacking
(Leonard, 1999). These forms bear some resemblance to the mood incongruent manic or
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depressive episodes in the DSM-IV-tr even though aspects also relate to acute schizophrenia
episodes and acute psychoses.
Perris (1988), amongst others, was inspired by this classification and operationalized a
definition of cycloid psychosis (see Table 5). Comparing diagnoses made by British psychiatrists and those obtained by Perris using the descriptions of cycloid psychosis it was found
that many of those diagnosed with schizophrenia and meeting criteria for cycloid psychoses
ran a course akin to bipolar disorder and responded to electroconvulsive treatment (ECT) and
lithium (Brockington and Roper, 1990). They were not akin to schizoaffective disorders
(Brockington and Leff, 1979; Vogl and Zaudig, 1985) even though the ICD-9 drew this
parallel. In the ICD-10 these are akin to acute polymorphic psychoses and in DSM-IV-tr they
are the brief psychotic disorders and occasionally schizophreniform disorders with good
prognostic features.
In the Kraepelinian tradition, disorganization and psychosis has been thought to reflect the
severity of mania – corresponding to stage 3 of the illness with the more classical picture of
acceleration and euphoria as stage 2 (Carlson and Goodwin, 1973) and hypomania being
considered stage 1. Given the factor analytic studies and observations cited above it seems
that either that the severity of the illness is relatively stable in the same individual over time,
often despite episode modifying and prophylactic treatment, or that the differences reflect
underlying biological systems differences.
DSM-IV-tr has, however, not adopted the Kraepelinian nor the Leonardian approaches to
mixed states but adopted a very strict view on when to call a mood episode mixed – criteria
must be met for both depression and mania concurrently. Mood incongruent psychotic
symptoms are not specifically required although many authors consider this to be an
important symptom occurring far more commonly in mixed states (Azorin et al., 2006;
Dell'Osso et al., 1991). The literature distinguishes between mixed depressive states and
mixed manic states (Perugi et al., 1997; Swann et al., 1993).
Mixed Mania or Dysphoric Mania:
Principal component analysis of episode defined mixed mania have yielded i) a depressive
factor, ii) a dysphoria factor which included irritability, impulsivity, inner tension and
distressing sensitivity to stimuli, and iii) an insomnia factor (Bertschy et al., 2007). Half of
those with strictly defined mixed mania have psychotic features (Dell'Osso et al., 1993) the
Table 5: Perris’ Criteria for Cycloid Psychosis
A. An acute psychotic condition with onset in patients ranging from
15-50 years
B. Sudden onset (hours to days)
C. 4 or more of the following
1) confusion, perplexity or puzzlement
2) mood-incongruent delusions often persecutory
3) hallucinations often related to themes of death
4) free-floating fear and anxiety
5) deep feelings of happiness or ecstasy often with religious colouring
6) motor disturbance – increased or decreased (retardation, agitation)
7) particular concern with death
8) mood swings
D. The symptoms change frequently during the same episode
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majority of these non mood-congruent (Dell'Osso et al., 1991). Features of hostility and
agitation as well as disorganization, impaired judgement and lack of insight have been found
to be greater in mixed mania than in pure mania and in agitated depression (Swann et al.,
1993). Most have had depressive episodes and are more likely to have future mixed episodes
(McElroy et al., 1995). Mixed episodes have been suggested to be less responsive to lithium
than to sodium valproate (Himmelhoch et al., 1976; Prien et al., 1988; Swann et al., 1997).
The long-term course has been found by some to be no different to that of pure mania
(McElroy et al., 1995) even when considering those with mood incongruent psychotic
features (Gaudiano et al., 2007) yet others have found mixed states with mood incongruent
mania to be associated with shorter periods of remission and lower psychosocial functioning
(Azorin et al., 2006; Miklowitz, 1992; Strakowski et al., 2000; Tohen et al., 1990). Even
mixed states without mood-incongruent psychotic features have in follow-up of first episode
patients heralded worse outcome in some studies than pure mania (Baldessarini et al., 2010;
Dodd et al., 2010; Salvatore et al., 2011).
Mixed Depression:
Depression with manic symptoms are most common in bipolar patients with rates of 36%
compared with 8-20% in unipolar depressed patients (Akiskal and Benazzi, 2003; Sato et al.,
2004) Irritability has been found in 57% and depressive psychomotor agitation in 39% of
bipolar depressions (Judd et al., 2012). Inter-episode stability of depressive mixed states
(defined as 2 or more manic symptoms) was found in the Sato study to be 50% and in the
study by Maj to be as high as 65% (Maj et al., 2003). A family history of bipolar disorder is
far more common in both unipolar and bipolar patients exhibiting mixed depressive states
(Akiskal and Benazzi, 2003; Benazzi, 2005; Ducrey et al., 2003; Maj et al., 2006; Sato et al.,
2003a) and suggestions have been made to include all unipolar depressives exhibiting manic
symptoms into the bipolar category (Akiskal and Benazzi, 2003). Of the manic like
symptoms, irritability and psychomotor agitation appear as those having the greatest
specificity and positive predictive value for describing a mixed depressive state (Benazzi and
Akiskal, 2006). Depressive psychomotor agitation has been found to most commonly
alternate with episodes of depressive psychomotor retardation in bipolar patients compared
with those patients, often older, who have recurrent major depression where solely agitation
recurs (Angst et al., 2009). Since the large scale introduction of antidepressants it has been
noted that this group of patients respond poorly to antidepressants alone, often requiring
antipsychotics or valproic acid to respond (Koukopoulos et al., 2007; Yatham et al., 2005)
suggesting a different biological pathophysiology to unipolar depressions.
Yet in contrast to the above studies, Goldberg (2009b)found that when examining the
numbers of manic symptoms in bipolar depression the percentage of patients with no manic
symptoms was 31%, with one manic symptom 25%, with two 18%, with three 11% and with
four or more 15%. This would suggest that mixed episodes are not discrete categories rather
a spectrum of both poles of mania and depression operating on a continuum, relatively
autonomously of one another and thus indicating different biological underpinnings. These
findings have lead to “mixed state” being deleted as a separate episode type from the
proposed DSM 5 bipolar disorder section and instead it is suggested that manic or depressed
episodes are specified as having mixed features if 3 or more symptoms of the opposite mood
state are present, still leaving the predicament what to call the other approximately 45% (or
59% according to the earlier quoted studies) who have one or 2 symptoms of opposite
polarity. Once again, mood incongruent psychotic symptoms have been left out of the
examinations and thus the definitions.
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1.2.3 The Effect of Temperament on Symptomatology During Mood Episodes
Temperament in this context is defined as an enduring aspect of ones personality that is
thought to be innate rather than learned. With relevance to biological phenotypes of bipolar
disorder, temperament is hypothesized to reflect the same biological/behavioural processes
that drive the illness. In short a person may be described as hyperthymic when being full of
energy, confident, self reliant, an habitual short sleeper, novelty seeking, exuberant, versatile
and with high libido or depressive (the opposite of the above) or cyclothymic where periods
of the above two ways of being alternate in rapid succession often without external cues.
Akiskal and colleagues (1998b) have identified a fourth type of temperament, that of
irritable which is manifested by moodiness and being easily angered, the liberal use of
sarcasm, a tendency to brood, impulsivity and dysphoric restlessness which alternate with
infrequent periods of euthymia). Earlier, Kraepelin noted the importance of a persons
dominant temperament on the clinical presentation of mania or depression (Akiskal, 2002)
and that, whilst one polarity predisposed to the corresponding type of mood episode, it was
possible for a person to experience the opposite polarity mood episode. The temperamental
subtypes of cyclothymic, depressive and irritable have been found to be associated with
mixed manic episodes (Akiskal et al., 1998a; Azorin et al., 2010; Rottig et al., 2007). Mixed
episodes have been thought to be the result of the intrusion of the opposite temperamental
pole to the episode: a depressive or irritable temperament intruding into mania or a
hyperthymic temperament intruding into depression.
Clinically it has been long recognized that there is an overlap in emotional states between
bipolar 2 disorder and borderline personality disorders (see review by Magill (2004).
Attempts have been made to delineate these conditions (Henry et al., 2001; Wilson et al.,
2007) focussing on affective instability, hostility and impulsivity. However affective lability
and affect intensity have been suggested to be core dimensions of bipolarity during euthymia
even in bipolar 1 disorder (Henry et al., 2008) although in this study borderline personality
disorder was not controlled for in the analysis. Several studies have examined neuroticism
and extraversion in bipolar disorder finding evidence for increased neuroticism (Barnett et
al., 2010; Jylhä et al., 2010) and reduced extraversion (Barnett et al., 2010). Yet there does
no appear to be an effect of these factors on whether or not somebody manifests mixed
affective episodes (Kim et al., 2011; Rottig et al., 2007). Other personality styles that have
been associated with bipolar 1 disorder with mixed episodes are those in cluster C according
to DSM – (ie) avoidant, dependent and obsessional (Rottig et al., 2007) though this cluster
has in other studies been found to be more common in those with recurrent unipolar disorder
than in the pooled bipolar disorder group (Brieger et al., 2003). Interestingly this cluster also
manifests with greater frequency of lifetime anxiety disorders when the person has a bipolar
disorder (Rottig et al., 2007).
1.2.4 Establishing Phenotypes for Genetic Analysis
Bipolar disorder is mostly a remitting disorder which implies that the biology of it must
combine both state and trait factors. As seen above the symptoms are also highly heterogeneous and the clinical picture varies markedly between patients. Furthermore classifycations differ and even the conceptualization of bipolar disorder and the cycloid psychoses
remain controversial with little agreement on what to regard as core symptomatology outside
of the classic euphoria/depression. The likelihood of finding a particular pathophysiology or
gene or small group of genes wholly responsible for the disorder is thus unlikely even though
heritability of the disorder is estimated at 80% (Shih et al., 2004). In fact, in common with
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other complex disease conditions, single gene variations have not been found and data from
genome wide association studies (GWAS) have identified genes with small contributions to
the overall risk of developing the disorder (Schulze, 2010) leading researchers to ask “where
is the missing heritability?” (Maher, 2008). As a result it has been proposed that refining the
studied phenotypes is crucial in attempting to describe this heritability.
An approach to getting around the problem of noise in syndromes such as bipolar disorder
not yet known to biologically equate to an underlying disease is to deconstruct the syndrome
into its parts: symptoms, biological markers and pathways involved in biological systems of
relevance (Schulze et al, 2005). Subsequent to this one can reconstruct a phenotype (reverse
phenotyping) by using, for example, the genotype to observe what symptoms and signs are
related to the particular genotype. The saga of the gene G72 illustrates this approach well as
polymorphisms in this gene have been identified to confer risk to schizophrenia, bipolar
disorder, major depression and panic disorder whilst correlating in the general population to
high neuroticism. This neuroticism factor is now thought to underlie the vulnerability to the
above psychiatric diagnoses (Rietschel et al., 2008). Perhaps the genetic contribution to
complex psychiatric disorders lies in a variety of genes contributing interactively across
psychiatric syndromes and that current syndromic definitions will not at all help us in
defining the underlying heritability.
So where does this leave us? Perhaps going back to basics and combining one or several
symptoms with what is known about underlying biology of these symptoms may be a starting
point (Schulze, 2010). An example of this approach is the association found between
persecutory delusions in bipolar disorder and DAOA/G30 (Schulze et al., 2005). A number of
studies have examined symptoms and conditions associated with bipolar disorder that have
been found to be familial with gene polymorphisms. For example, anxiety and neuroticism
co-morbidity (Campos et al., 2010b), psychosis (Benedetti et al., 2010; Goes et al., 2007),
suicide attempts (Campos et al., 2010a), age of onset and course (Smeraldi et al., 2002).
However it is difficult to know whether these rather disparate genetic findings reflect
contributions to a more generic “severity” process which may cut across a number of
diagnoses or are specific to bipolar disorder.
1.3 Neurosteroids
1.3.1 Concepts
Since Baulieu and colleagues coined the term neurosteroid in 1981 (Baulieu, 1981) it has
been clear that the picture of sex steroids, traditionally thought of as sex hormones acting
solely as hormones at peripheral and removed sites from their production, was erroneous.
The realization that these have major effects in the brain independent of sex is one of the
quiet revolutions in medical discovery in the latter part of the 20th century, the repercussions
of which have not yet been fully realized.
1.3.2

Biosynthetic Pathways

Traditionally it has been taught that oestrogen and testosterone are respectively female and
male sex hormones which are produced in the ovaries and testes respectively after
stimulation by luteinising hormone (LH). It has been said that stimulation of spermatogenesis
and ovulation occurs, grossly simplified, with follicle stimulating hormone (FSH) in
combination with LH. Significant progesterone synthesis in females has been said to occur in
the luteal tissue during the luteal phase of the menstrual cycle. Adrenal production of sex
steroids notably dehydroepiandrosterone (DHEA) and its sulphate (DHEAS) have been
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typically regarded as being the inactive metabolites on the road to conversion to oestrogen
and testosterone. However, studies of a condition associated with a number of different
steroid enzyme variations exhibiting disturbed patterns of steroidogenesis, congenital adrenal
hyperplasia (CAH), have shown that for example DHEA has androgenic properties of its
own. The majority of these CAH are caused by mutations in the genes coding for the enzyme
21-hydroxylase (Morel, 1997) although a number of other mutations in related genes are
known to produce a similar phenotype (Krone and Arlt, 2009). Subsequently it has in women
been found that adrenal production of testosterone equals that of the ovarian production (0.51.5nmol/liter) and requires no stimulation by LH (Piltonen et al., 2002). In males this same
amount is produced in the adrenals, but the percentage produced by the testes is of course
much higher (Diver, 2006). Progesterone is also manufactured at similar rates in the adrenals
of men and women, without being controlled by LH or FSH (Piltonen et al., 2002). During
the follicular phase of the menstrual cycle (days 1-14), adrenal synthesis of progesterone
accounts for virtually all of the peripherally circulating serum progesterone. So do these
compounds get from the periphery into the brain? Peripherally synthesised progesterone,
testosterone (Pardridge and Mietus, 1979) and DHEAS (Asaba et al., 2000) all cross the
blood brain barrier. In the case of DHEAS there is a positive gradient barrier whereby the
brain concentrations in the human are 6-10 times that in plasma (Baulieu et al., 2001).
Additionally, all these compounds have been either found to be synthesised in the brain or
thought to be synthesised in those cases where the usual enzymes have not yet been clearly
identified. Once within the brain they act locally, intimately connected with
neurotransmission and other cellular pathways as well as with neural development and
cellular migration the details of which will be explored below.
A number of enzymes are involved in steroidogenesis (Figure 2). These are by and large the
same across all tissues though isoforms may differ. In this discussion, focus will be placed on
the three enzymes that were chosen for our studies. Reference will be made to their roles in
both humans and animals.
1.3.2.1 3β-Hydroxysteroid Dehydrogenase (HSD3B1 or 2 also known as 3βHSD)
This enzyme is essential in a number of reactions in the steroidogenic pathway i) converting
the precursor pregnenolone to progesterone, ii) converting 17-hydroxy-pregnenolone into 17hydroxy-progesterone, thereby limiting the amount of 17-hydroxy-pregnenolone available
for conversion into DHEA(S) 1, iii) converting DHEA into the more potent androgen
androstenedione, iv) converting androstenediol into testosterone. There are two isoforms:
HSD3B1 is found in placenta, breast and in thalamus, hypothalamus, hippocampus, olfactory
bulb, caudate and nucleus accumbens in mammals as well as in Purkinje cells of the
cerebellum (Do Rego et al., 2009). HSD3B2 is found predominantly in the adrenal gland and,
at lower concentrations, in the brain especially amygdala, corpus callosum, hippocampus,
caudate and thalamus (Yu et al., 2002). The enzymes are located in the endoplasmic
reticulum as well in mitochondria (Simard et al., 2005) in astrocytes (Zwain and Yen, 1999b)
as well as in hippocampal neurons (the latter in rats at least) (Higo et al., 2011). 17βhydroxysteroid dehydrogenase which is active in other parts of steroidogenesis can
supplement its activity (Suzuki et al., 2000).
Gamma-aminobutyric acid type A (GABAA) receptor stimulation reduces enzyme activity in
a local negative feedback loop (Do Rego et al., 2000). Furthermore artificial substances such
1

DHEA(S) stands for DHEA in addition to DHEAS
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as perfluoroalkylated substances also inhibit enzyme activity (Zhao et al., 2010).
Perfluoroalkylated substances are widely used in industrial and consumer applications
including stain-resistant coatings for fabrics and carpets, oil-resistant coatings for paper
products approved for food contact, fire fighting foams, mining and oil well surfactants, floor
polishes and insecticide formulations. Penetration into food substances has been suspected
but the effects in humans remain uncertain (http://www.efsa.europa.eu/en/data/call/datex100429.html).
Trilostane, an inhibitor of HSD3B2, has been found to have antidepressant like effect in mice
by reducing immobility time in the forced swim test. The mechanism appears to involve
decreased hippocampal progesterone, increased pregnenolone and increased serotonergic and
norepinephrine turnover (Espallergues et al., 2009; Espallergues et al., 2012). However
trilostane also has androgen receptor agonistic effects (Takizawa et al., 2010) which have not
been accounted for in the above observations and may limit treatment in certain groups such
as those at risk for prostate cancer.
The genes HSD3B2 and HSD3B1 are both located at 1p13.1 and are separated by 84kb
(Shimodaira et al., 2010). Several gene polymorphisms in HSD3B1 have been associated
with serum aldosterone concentration differences and essential hypertension (Shimodaira et
al., 2010). Somewhat tangentially rs10754396 in HSD3B2 has been associated with
differences in sex hormone binding globulin concentrations even when allelic differences in
the SHBG gene were taken into account (Ahn et al., 2009). There have been no published
investigations into links between these enzymes, their polymorphisms and psychiatric
disorder.
Transcription of the HSD3B1/2 genes is stimulated by ACTH, by NGFIB (nerve growth
factor induced clone B - also known as NUR77 as well as NR4A1 and previously as NOT
[(Bassett et al., 2004)]) and by NURR1, another member of the NGFIB family (Rainey and
Nakamura, 2008). Furthermore transcription is regulated by cytokines (IL4), growth factors
and prolactin via activation of tyrosine kinase and signal transducer and activators of
transcription so called STAT’s (Darnell, 1997). Testosterone, (Heggland et al., 1997) as well
as oestrogen (Pradhan et al., 2010), have been found to decrease messenger ribonucleic acid
(mRNA) of HSD3B in a negative feedback loop.
In conclusion, the enzyme is not only regulated by other sex hormones but also by the
GABAergic system as well as a number of brain growth factors that have been separately
shown to be of interest in psychiatric disorders.
1.3.2.2 Steroid-5-alpha-reductase (SRD5A1)
This enzyme converts progesterone into the intermediate product 5-α-dihydroprogesterone,
as well as testosterone into dihydrotestosterone (DHT) which is a more potent androgen than
testosterone,
and
additionally
converts
11-deoxycorticosterone
to
5αdihydrodeoxycorticosterone (5αDHDOC). There are 2 isoforms – SRD5A1 which is
expressed in human brain especially in cortex, subcortical white matter, cerebellum,
hypothalamus and pons at all developmental phases (Do Rego et al., 2009) and SRD5A2
which is preferentially expressed in testis and appears to be lacking from adult human brain.
In rats, it is expressed in late foetal and early neonatal period (corresponding to human foetal
life) leading to speculation that it is involved in brain sex differentiation (Poletti et al., 1998a;
Poletti et al., 1998b). The enzyme appears in neurons (for example, hippocampal pyramidal
cells), oligodendrocytes and astrocytes, and is localized in the microsome. The type 1
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Figure 2: Steroidogenic pathways with involved enzymes

isoform is expressed equally between sexes (Melcangi et al., 1998) and at physiological ph
favours progesterone over testosterone as a substrate (Poletti et al., 1998a) whereas the type 2
isoform favours testosterone
Testosterone and DHT increase gene expression of SRD5A1 even though these are not the
primary substrates (Torres and Ortega, 2003). Nerve growth factor stimulates SRD5A1
mRNA (Her et al., 2004).Chronic placental hypoxia has in sheep been found to upregulate
SRD5A1 (Nguyen et al., 2003). Prolactin has been found to reduce enzyme activity (Lobo
and Kletzky, 1983).
Of relevance to psychiatry, SRD5A1 expression has been found to be decreased in CA3,
basolateral amygdala, glutamatergic cell layers 5 and 6 frontal cortex but not in thalamus or
striatum in socially isolated mice male mice. This was found regardless of whether treatment
with anabolic steroids had been given (Agis-Balboa et al., 2007; Pinna et al., 2008). The
reduced expression of SRD5A1 led to reduced allopregnanolone (ALLO) and was thought to
be of significance for the development of fear related behaviours. Conversely, rearing in
enriched environments increased SRD5A1 expression (Munetsuna et al., 2011). Taking this
research track a step further, restraint stress as opposed to social isolation, has been found to
give sexually dimorphic effects on SRD5A1. In males, expression of enzyme was increased
in the prefrontal cortex and associated with increased local progesterone concentrations
whereas in women expression was reduced but without altered local progesterone
concentrations (Sanchez et al., 2009). Finasteride, which is used in treating androgenic
alopecia, inhibits SRD5A2 more powerfully than SRD5A1 and has been found to cross the
blood brain barrier (Russell and Wilson, 1994) abolishing stress-induced elevation of ALLO
(Mukai et al., 2008) and the expression of fear behaviours in rats. Finasteride has also been
suggested to be mildly antipsychotic in effect (Paba et al., 2011); it alters prepulse inhibition
deficits in rat models of schizophrenia (Devoto et al., 2011). How this is done is not yet clear
as direct dopaminergic effects have not been confirmed despite evidence of elevation of
dopamine in the nucleus accumbens when downregulation of SRD5A occurred in socially
isolated rats (Bortolato et al., 2011).
The 2 enzymes are coded for by separate genes not located on the same chromosome.
SRD5A1 gene is located on 5p15. Gene variants have been found to be associated with
increased risk of polycystic ovarian syndrome (PCOS) and, in particular, with the degree of
hirsutism, indicating that this enzyme presumably affects the production of additional
androgens (Goodarzi et al., 2006). Other clinical association studies with polymorphisms in
the SRD5A1 gene have thus far largely focussed on testosterone/dihydrotestosterone activity
and male patterned baldness, hypospadias, prostatic cancer or hypertrophy (Ellis et al., 2005;
Ellis et al., 1998; Ha et al., 2003; Setlur et al., 2010; Tria et al., 2004), or female
hyperandrogenism (Eminovic et al., 2005). Another study implicated gene variants as
important in determining outcome in myeloma treatment (Van Ness et al., 2008), the
mechanism of which is unknown. SRD5A1 polymorphisms have also been implicated in
peripheral vascular disease, underlining the diversity of roles the biological substrates and
products of this enzyme have in the body (Signorelli et al., 2008). One study found an
association between several single nucleotide polymorphisms (SNP’s) in this gene in bipolar
disorder (Steen et al., 2010) but after correction for multiple testing this association
disappeared. One study has found an increased risk for alcohol dependence (Milivojevic et
al., 2011).
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SRD5A2 is found at 2p23. Polymorphisms have been implicated in risk for sexual
differentiation disorders (Fernandez-Cancio et al., 2011), prostatic hypertrophy (Izmirli et al.,
2011), PCOS (Graupp et al., 2011), risk for early onset prostate cancer in Caucasians (Wang
et al., 2010) and differences in sperm motility (Elzanaty et al., 2006). The only study thus far
examining SRD5A2 in psychiatric disorders found an increased risk for schizophrenia with
polymorphism rs6732223 with evidence of increased enzyme activity (Steen et al., 2010).
1.3.2.3 Aldoketoreductase (AKR1C, also known as 3α-Hydroxysteroid Dehydrogenase Type 1 as well as 3αHSD as well as 3αHOR)
This is one in the extremely large family of aldoketoreductases found in the body where the
nomenclature has changed over time and between different research groups making the
reading of the literature all the more difficult. Regular large reviews of subpopulations of this
family do occur and it is on these reviews that the following picture is drawn. This enzyme
converts 5-α-dihydroprogesterone into 3α5α-progesterone (ALLO), dihydrotestosterone into
3α-androstanediol and dihydrodeoxycorticosterone (DHDOC) into tetrahydrodeoxycorticosterone (THDOC). AKR1C occurs in a number of isoforms in humans but not in rats
where only one isoform exists (Do Rego et al., 2009). In mice and rats at least, AKR1C
enzyme and SRD5A are co-expressed in the same cells in the CNS but not in the GABAergic
interneurons, rather in these interneurons output neurons (Agis-Balboa et al., 2006).
In humans type 1 (AKR1C4) is not expressed in brain but is extremely common in liver and
is involved in peripheral synthesis and metabolism of progesterone along with other steroids.
Type 2 (AKR1C3) is found in prostate, mammary glands, temporal lobes, putamen, medulla,
spinal cord and in subcortical matter. Type 3 (AKR1C2, aka 17-hydroxysteroid dehydrogenase type 10) is found preferentially in amygdala, hippocampus and hypothalamus (He et
al., 2005) but also in putamen, cerebellum, medulla and spinal cord (Do Rego et al., 2009).
This enzyme inactivates oestradiol, synthesizes dihydrotestosterone and converts
allopregnanolone back to 5αdihydroprogesterone (Hovorkova et al., 2008). The activity in
the brain appears to be one tenth of that in liver (Steckelbroeck et al., 2001). Type 4 isoform
known as 20α (3α)-HSD (AKR1C1) is also found in the brain in a wide distribution (Penning
et al., 2000). The enzymes are all found in the mitochondria. Some isoforms can supplement
the role of HSD3B2 by working in the opposite direction of the usual conversion reactions in
the steroidogenic pathway (Steckelbroeck et al., 2004a). This appears especially so for
AKR1C4 which is between 10-30 times more efficient than the other isoforms in converting
substances (Penning et al., 2000; Penning et al., 2003). The directionality of conversions is
governed by the redox-state of the cell, which changes as a result of, for example, oxidative
stress (Penning et al., 2004).
Rearing rats in enriched environments markedly increased AKR1C expression (Munetsuna et
al., 2011). Interestingly, a greater than normal left hippocampal asymmetry of expression of
this enzyme has been found in Alzheimer’s disease and in schizophrenia (Hovorkova et al.,
2008).
The genes coding for the above enzymes are all located at 10p15-p14 but with some distance
between them. Polymorphisms in AKR1C4 have been implicated in a range of disorders for
example, risk of prostate cancer in the presence of oestrogenic insecticides (Multigner et al.,
2010), mammographic density changes with use of combination oral contraceptive/ replacement therapy (Lord et al., 2005), reduced risk of breast cancer during oestrogen monotherapy
(Hein et al., 2011), differences in nicotine metabolism and risk of lung cancer (Ter-Minassian
et al., 2011). AKR1C3 polymorphisms have been associated with childhood leukaemia (Liu
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et al., 2008a), potentially conferring added risk for carcinogen mediated leukaemia
(Birtwistle et al., 2009) and bladder cancer (Figueroa et al., 2008).
In summary, the biosynthesis of neuroactive steroids has been found to occur at multiple sites
in the body and in many cases also in the brain. Surprisingly, in the brain there appear to be
few sex differences in the localization or concentration of these enzymes. Stress has been
shown in some cases at least, to affect these systems in sex specific ways. The pathways and
directionality of the chemical reactions are controlled by a wide range of substances that are
themselves not directly involved in the biosynthetic pathways. These include oxidative stress,
growth factors in the brain as well as exogenous substances. Polymorphisms of the genes
coding for these enzymes have not yet been extensively characterized yet when they have
they have been examined they have been associated with a wide range of health problems
highlighting the manifold processes the steroids are involved with.
Having discussed the enzymes and the genes coding for these it is now time to look more
closely at some of the products of these conversions and their roles in the brain. Once again
the focus will be on the sex steroids selected for study but as there are overlapping effects
between DHEAS and its precursor DHEA these two will be considered together.
1.3.3

DHEA and DHEAS

1.3.3.1 Factors Influencing Synthesis and Metabolism
Adrenal Synthesis:
Developmentally, in humans but not in rats (Wolf and Kirschbaum, 1999), DHEA and
DHEAS are produced in the inner foetal zone from week 8 of gestation and production peaks
around delivery after which there are very low circulating levels of these two substances until
adrenarche when the adrenals once again manufacture these, especially DHEAS, in large
quantities. Production peaks in the mid 20’s to thereafter fall by ca 1-1.5% per year. In
adulthood DHEA(S) are synthesized in the zona reticularis corresponding to the inner foetal
zone (Wolf and Kirschbaum, 1999). There is a pronounced diurnal variation (Rosenfeld et
al., 1975) with lowest levels in the afternoon and a pulsatile pattern more or less synchronous
with cortisol.
The age related variations in synthesis are accompanied by differences in gene expression of
the enzymes of steroidogenesis in the adrenal gland as well as differential expression during
development of growth factors and transcription regulators including NGFIB and NURR1
(Ishimoto and Jaffe, 2011). These temporal variations, which mirror those of important brain
developmental periods and those of several neurodevelopmental psychiatric disorders such as
schizophrenia and bipolar disorder, make DHEA and DHEAS attractive pathophysiological
candidates in these disorders.
Brain Synthesis and Metabolism:
Animal experiments in the early 1980s showed that pregnenolone and DHEA concentrations
in the brain were not reduced by adrenalectomy and castration (Corpechot et al., 1981)
indicating that there was de novo synthesis in the brain. Despite this the concentration of
DHEA in the cerebrospinal fluid (CSF) correlates however well with that in serum
(Kancheva et al., 2011). DHEA is predominantly synthesised in astrocytes and
oligodendrocytes but also in neurons including pyramidal cells (Kimoto et al., 2001; Zwain
and Yen, 1999b). Although it was also deduced from extraction experiments from 1981
onward that sulphated esters of DHEA existed in the rat brain (Corpechot et al., 1981) it has
been recently recognized that DHEAS does not appear to be nearly abundant as thought in
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the rat brain (Liere et al., 2004). The reason for this appears to be that previous extraction
technology failed to distinguish DHEAS from the lipoidal form of DHEA. It is thus unclear
whether the numerous experiments conducted in rats using infusions of nanomolar
concentrations of DHEAS reflect the in vivo situation where concentrations are below this
range. In contrast to rats, the human brain continues to show high concentrations of DHEAS
with the new methodology (Lanthier and Patwardhan, 1986; Steckelbroeck et al., 2004b). The
situation in humans is also more complex than first thought as concentrations of DHEAS in
the brain are between 6 and 10 times those of plasma yet the classical sulpho-transferase
enzyme has not been identified (Steckelbroeck et al., 2004b) leading to the speculation that
DHEAS is selectively transported into the cells via recently identified transport proteins
(Fang et al., 2010; Kullak-Ublick et al., 1998) both across cell types and across the blood
brain barrier. Another possible mechanism for de novo brain synthesis may be derivation by
other as yet unknown pathways. Thus far the working hypothesis has been that DHEAS,
despite the concentration differential, is mainly transported into the brain and there acts as a
neuroactive steroid whereas DHEA is manufactured in the brain largely from the removal of
the sulphate moiety of DHEAS.
The relative synthesis and metabolism of DHEA compared with other neurosteroids appears
to be coordinated regionally between cell types with the exchange of intermediaries across
cell membranes, a process utilizing transport proteins (Zwain and Yen, 1999a). Regional
differences in metabolism occur because of differences in enzyme expression, for example,
the metabolite androstenediol is more commonly made in cerebellum while 7α-hydroxy
DHEA is made in the frontal cortex (Weill-Engerer et al., 2003). The significance of this is
still largely unknown. Interestingly, the directionality of metabolism may be influenced by
cell density (Akwa et al., 1993), the mechanism of which is still unknown.
Factors Affecting Metabolism:
Genetic factors as shown in twin and family studies are thought to account for between 4065% of the variability in serum DHEAS concentrations controlling, for example, the degree
to which severe exercise changes DHEAS concentrations (Riechman et al., 2004). A finding
without as yet clear mechanistic explanation is that vitamin D receptor polymorphisms
appear to correlate with the amount of DHEA synthesized in later life (Zofkova et al.,
2002a). Still other polymorphisms in CYP3A7 affect how much DHEAS is produced in
adulthood and can decrease circulating DHEAS by 50% (Smit et al., 2005). The apo E4
genotype associated with Alzheimer’s disease has been associated with increases in serum
DHEAS however the mechanism for this is unclear, possibly occurring via cholesterol
transport pathways (Zofkova et al., 2002b). However, the suggestion has been made with the
discovery of lipoidal DHEA present in cell membranes, that this type of DHEA may in some
way interact with extracellular DHEA/DHEAS altering concentrations and that this could
potentially be the mechanism behind the Apo E genotype differences (Liere et al., 2004).
Free radicals have been shown to stimulate production/presence of DHEA(S) 2 within the
brain (Maayan et al., 2005b).
Medications such as clozapine (Nechmad et al., 2003) and lithium reduce rat frontal cortex
and hippocampal DHEAS and DHEA without influencing peripheral concentrations via the
2

where DHEAS is mentioned with regards to rats or mice it refers to this being given in variable doses in animal
experiments; with the earlier finding of lipoidal DHEA being the vast majority of the “DHEAS” previously
found in rats and mice it is difficult to interpret the physiological relevance of this in just rats and mice. However
as DHEAS is abundant in human brain, the experiments may still give valuable insights into how DHEAS
affects humans.
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inhibition of phospho-adenosine phosphates (PAP) (Maayan et al., 2004). Other medications
such as methylphenidate may increase DHEAS, at least in boys (Maayan et al., 2003)
whereas mirtazapine has been shown to be associated with a reduction in DHEAS over the
course of treatment although it is difficult to say whether this is a specific effect of the
medication or an association with improvement in depression (Schule et al., 2009).
Interestingly neither low to moderate alcohol ingestion (Dorgan et al., 1994), nor naltrexone
(Ceballos et al., 2007), smoking (Soldin et al., 2011) or olanzapine (Bicikova et al., 2011)
affect serum DHEAS concentrations. Valproate normalizes DHEAS in women long-term but
relative to lithium increases it (McIntyre et al., 2003). The acute effect of valproate in
females is to either reduce DHEAS or leave it unchanged (Rattya et al., 2001a) whilst it has
been suggested to increase DHEAS chronically in males (Rattya et al., 2001b).
Carbamazepine reduces DHEAS in both sexes (Rattya et al., 2001a).
1.3.3.2

Role in Neurogenesis and Neuronal Survival

DHEA has been found to increase spine density in rat neuronal axons and to promote
neurogenesis (review by Charalampopoulos 2008) in the mouse both developmentally and
after injury (Fiore et al., 2004). There appear to be dose dependent window of effect as only
moderate to high normal doses have beneficial effect (Marx et al., 2000) and not low
concentrations (Marx et al., 2000) or supraphysiological doses (Li et al., 2009; Patel and
Katyare, 2006). The mechanisms for the neurogenesis appear numerous including stimulation
of various nerve growth factors(Gubba et al., 2004), Protein kinase 3 (Kimonides et al.,
1999), Bcl-2 proteins (Charalampopoulos et al., 2004) and direct inhibition of NO synthase
downstream of N-Methyl-D-aspartate (NMDA) receptor activation (Kimonides et al., 1998;
Kurata et al., 2004) as well as enhanced scavenging of free radicals (Katyare et al., 2006;
Patel and Katyare, 2007). The antioxidant effect was one of the earliest documented
(Araghiniknam et al., 1996; Aragno et al., 1997; Bastianetto et al., 1999; Boccuzzi et al.,
1997). As a consequence of the above and other neuroprotective findings, dietary
supplements or skin creams of DHEA have been viewed as the “elixir of youth” – potentially
counteracting aging effects in skin (Tagliaferro et al., 1986) and of the brain. These have
been marketed in the US as a food supplement evading the strict control system of the Food
and Drug Administration. As a consequence of this, DHEA has been readily available for
clinical trials (see below).
By contrast DHEAS increases apoptosis during development (Zhang et al., 2002) suggesting
that the balance of DHEA and DHEAS may be vital in correct synaptic and cellular pruning
during early life. Abnormalities in cellular pruning have been seen both in schizophrenia and
in bipolar disorder (Garey, 2010; Rajkowska et al., 2001; Selemon et al., 1998) the
underpinnings of which have not yet been fully elucidated (Connor et al., 2010). However, in
developed neural cells both DHEA and DHEAS appear to be neuroprotective (Bologa et al.,
1987). DHEAS also increases neurite length via marker microtubule-associated protein-2
(MAP2) (Compagnone and Mellon, 1998). Increased MAP2 staining neurons have been
found for example in some brain regions in schizophrenia and bipolar disorder (Baxter et al.,
2006; Bouras et al., 2001; Connor et al., 2010).
1.3.3.3

Effects on Neurotransmission and the Catecholamine System

Both DHEA and DHEAS act by intracellular binding of the sigma 1 receptor (1) (Bergeron
et al., 1996; Su et al., 1988), which more correctly can be thought of as an intracellular
protein as opposed to a receptor. The 1 receptor will be explored in greater detail below. In
binding with the 1 receptor DHEAS(S) allosterically activates the NMDA receptor
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(Johansson et al., 2005). The effects at this protein are antagonized by allopregnanolone (see
section below on allopregnanolone). Additionally, both DHEA (Imamura and Prasad, 1998;
Majewska, 1992) and DHEAS (Sullivan and Moenter, 2003) act as negative allosteric
modulators of the GABAA receptor (Majewska et al., 1990) reducing GABA activation by
other signals, see Figure 3. DHEA(S) exhibit therapeutic window effects such that very low
concentrations allow activation of the GABAA receptor and higher doses inhibit it
(Majewska, 1992).
In short DHEA(S) can be viewed as having excitatory profiles in the central nervous and
autonomic nervous systems. Yet this effect may be dose dependent given that the effects on
both the NMDA receptor and the GABAA receptor have been found to be bell shaped, i.e.
optimal excitatory effect occurs at midlevel doses whereas low and very high doses are
inhibitory (see section on sigma 1 receptor agonists 1.3.3.4).
1.3.3.4 Sigma Receptor Effects
The σ1 protein shares no homology with other known proteins. It sits on the interface
between the endoplasmic reticulum (ER) membrane (Hanner et al., 1996) and mitochondria
(Hayashi and Su, 2007) where it ensures optimal calcium signalling from the ER to the
mitochondria, essential in energy metabolism and here it is also involved in activation of
antioxidant responses (Pal et al., 2012). From this interface once bound and activated it can
translocate to the plasma or nuclear membranes (Hayashi et al., 2000) where it binds to the
NMDA subunit of the glutamate receptor. Once at the membrane it occurs pre and
postsynaptically and is especially concentrated in hypothalamus, pyramidal cells of the
hippocampus, cortex, striatum, midbrain and dorsal horn of the spinal cord in rats (Alonso et
al., 2000) and in humans (Sakata et al., 2007). It is known to modulate neurotransmission as
opposed to facilitating gradient based uptake of ions in cells (Aydar et al., 2002; Cheng et al.,
2008; Monnet et al., 1990). Apart from its modulation of the NMDA receptor, it interacts
with Dopamine 1 (D1) receptors facilitating glutamate release in these neurons (Dong et al.,
2007). D1 receptor bearing neurons are important in mediating plasticity and mediating
spatial, incentive as well as extinction learning (El-Ghundi et al., 2007). The glutamatergic
stimulation also enhances postsynaptic norepinephrine release (Monnet et al., 1996) Yet
sigma-1 receptor agonists also appear to inhibit glutamate release at cortical nerve endings
potentially being the mechanism behind reduced neuronal death associated with glutamate
toxicity (Lu et al., 2012) implying there may be either dose or regional differences in the
actions of the σ1-receptor.
Cocaine (Xu et al., 2010) and methamphetamine (Nguyen et al., 2005a) have been shown to
exert their effects on locomotion via σ1 receptor agonism. Interestingly many antidepressants
including venlafaxine, fluvoxamine, fluoxetine, citalopram, and imipramine act as sigma
receptor agonists at doses much lower than those required for serotonergic effect (Bermack
and Debonnel, 2005; Dhir and Kulkarni, 2007). More selective σ1 receptor agonists have
therefore been investigated for antidepressant effect with promising results in animal models
(Fishback et al., 2010) although so far the anxiolytic effect appear to outweigh the
antidepressant effects. This anxiolytic effect appears not be accompanied by weight gain or
sedation (Volz and Stoll, 2004) which may make these ligands attractive for drug
development. Yet once again dose windows may exist as high dosing of an agonist has
shown anxiogenic effects (Navarro et al., 2012). Sigma 1 receptor antagonists include
neuroleptics like haloperidol (Fletcher et al., 1994) and trifluoroperazine (Coughenour and
Barr, 2001) that have σ1 receptor blocking effects at the same dosages that give dopamine
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Figure 3: Actions of neurosteroids on NMDA and GABA receptors (used with permission from the Mayo Clinic)

receptor blockade (Cobos et al., 2008).
Sigma 1-receptor gene (SIGMAR1) variants have, in a meta-analysis of published studies,
been found to increase risk of schizophrenia and were correlated with lower activation of
prefrontal cortex in a subset of these sampled patients (Ohi et al., 2011). Variants have been
also found to confer higher risk to developing Alzheimer’s disease (Feher et al., 2012).
1.3.3.5 Other Effects in the Brain
DHEAS has been shown to synchronize hippocampal activity to theta rhythm (Steffensen,
1995) which has been shown to be essential in creating time and place maps in 3D space
(Buzsaki, 2006). The mechanism for this effect appears to be muscarinic receptor agonism
(Steffensen et al., 2006) in certain GABAergic interneuron cells which co-express muscarinic
receptors. The same window effect is once again seen with dosing (Diamond, 2004;
Diamond et al., 1996) and there appear to be interactive effects with psychological stress
(Diamond et al., 1999).
1.3.3.6 Findings Related to Psychiatric Disorders and Behaviour
Cognition:
In terms of cognition in aging as well as potential associations with dementia, DHEAS in
blood (Nasman et al., 1991) and in the brain (Weill-Engerer et al., 2002) has been noted to be
reduced in severe Alzheimer’s disease correlating with the presence of phosphorylated tau
proteins in the hypothalamus. The relative ratio of DHEAS to DHEA in CSF separated out
Alzheimer’s disease from those with vascular dementia (Kim et al., 2003). These differences
are in line with the reduced σ1 ligand binding in PET studies on Alzheimer’s disease
(Toyohara et al., 2009). In an unselected population based study of the over 65’s serum
DHEAS has been found to correlate positively to mini mental state examination (MMSE)
score and a lower concentration of DHEAS predicted also the greatest decline in MMSE over
3 years (Valenti et al., 2009). Administration of DHEAS improved behaviour and cognition
in mice who had a mild traumatic brain injury induced (Milman et al., 2008) yet in humans
improvements in cognitive functioning after brain injury or in dementia has by and large not
been seen with DHEA supplementation even though serum DHEA(S) rise during treatment
(Kritz-Silverstein et al., 2008; van Niekerk et al., 2001; Wolf et al., 1997). Some studies have
documented a small effect of supplementation (Yamada et al., 2010) yet negative effects
have also been seen (Parsons et al., 2006). Some of the reasons for these inconsistencies and
lack of efficacy relate to the short half-life of DHEA (less than one hour) once DHEA is in
the blood compartment (Wang et al., 1967). DHEA is also extensively metabolized in
peripheral fat cells into other sex steroids (Luu-The and Labrie, 2010) which of themselves
have differing effects on cognition (Hirshman et al., 2004).
Schizophrenia:
Cross sectional studies have found that low morning serum DHEA was associated with
chronic schizophrenia but not with an acute schizophrenia episode (Tourney and Hatfield,
1972) while most studies agree that DHEAS is lower in male schizophrenia patients
(Bicikova et al., 2011; Brophy et al., 1983; Garner et al., 2011) when emotional distress was
controlled for (Ritsner et al., 2006). Only one study found no difference in DHEAS
concentrations (Shirayama et al., 2002). However in the latter study there was a wide
morning sampling period and age was not fully taken into account which may explain the
negative finding. Another study found high concentrations of DHEA in the residual phase of
schizophrenia (di Michele et al., 2005). Afternoon sampling has yielded no differences
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between patients and controls in regard to DHEA (Gallagher et al., 2007; Tourney and Erb,
1979). In women with schizophrenia, DHEA has been shown to be elevated (di Michele et
al., 2005). All the studies have been of small numbers and methods of analysis of DHEA(S)
(whether radioimmunoassays or immunohistochemical methods were used) varied between
studies which may influence concentrations obtained. In attempting to correlate particular
symptom domains to DHEAS concentrations a positive correlation was found with cognition
(Ritsner and Strous, 2010), particularly verbal memory and facial recognition (Silver et al.,
2005).
As early as 1952 an open label clinical trial was conducted in patients with treatment
resistant psychoses giving patients variable dosages of dehydroisoandrosterone (the older
name for DHEA) which documented improvements in a range of functional domains within
1-2 weeks. These improvements reversed once the injections of medication were stopped
(Strauss et al., 1952). Later a double blind placebo controlled trial with DHEA augmentation
in men and a few women with schizophrenia gave positive effect on negative symptoms,
however men and women were not analysed separately (Strous et al., 2007). Additionally,
reduced prevalence of Parkinsonism has been seen with neuroleptics when patients also have
been treated with DHEA (Nachshoni et al., 2005).
Mood disorders:
Given the sigma receptor activation effects of antidepressants and the clinical observation
that DHEA administration in humans can trigger mania (Dean, 2000; Vacheron-Trystram et
al., 2002) a number of studies have examined DHEA(S) in animal models of mood disorders
as well as in humans with depression. Via σ1 activation DHEAS acts to reduce fear
conditioned immobility in rats and mice (Dhir and Kulkarni, 2008; Noda et al., 2000), one
commonly used model for the learned helplessness paradigm of depression. Lower morning
serum DHEAS was found in depressed compared with non-depressed women with
Huntington’s disease (Markianos et al., 2007a) and in both males and females with
dysthymic disorder (Markianos et al., 2007b) yet other studies have found raised DHEAS
pre-treatment in depression (Ozsoy et al., 2008; Takebayashi et al., 1998) and in menopausal
women with depressive symptoms but without a clinical diagnosis of depression (Morrison et
al., 2011). No difference was found in DHEAS concentrations in postmenopausal women
with or without depression (Erdincler et al., 2004). Another study found no correlations with
depression scores in unipolar depressed patients but did find a positive correlation with
anxiety subscale scores (Hsiao, 2006b).
Given the findings of disturbances in the HPA axis in many persons with depression and post
traumatic stress disorder (PTSD), DHEA has been analysed both on its own and as a ratio to
cortisol, the hypothesis being that DHEA should rise to compensate for cortisol effects and if
it does not then there is a greater risk for cortisol induced neurotoxicity (Ritsner et al., 2004).
Morning DHEA has in males with posttraumatic stress disorder been found to be either lower
(Olff et al., 2006) or higher than controls (Yehuda et al., 2006) and higher concentrations
have been related to the degree of clinical improvement since worst symptomatic period of
PTSD (Yehuda et al., 2006). In depression the cortisol:DHEA ratio has been suggested to be
raised in the evenings but not in the morning (Young et al., 2002) and also that DHEA
reduces as the depression lifts in those who remit (Fabian et al., 2001; Hsiao, 2006a). In at
risk adolescents high salivary DHEA concentrations interacted with high scores on mood and
feelings questionnaire to further increase the risk of developing clinical depression during the
following year (Goodyer et al., 2000). In female patients with a diagnosis of borderline
personality disorder, which by many is conceptualized as a form of early complex post
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traumatic stress disorder, morning salivary DHEA was found to be higher especially in those
that also met formal criteria for PTSD (Jogems-Kosterman et al., 2007). Furthermore, women
with alcohol dependence who were undergoing controlled alcohol withdrawal treatment have
been found to have elevated DHEA concentrations (Valimaki et al., 1990).
Aggression:
Animal experiments have shown that selective σ1 activation reduced isolation induced
aggression in rats and increased exploratory behaviour (Beltran et al., 2006). However
DHEAS has also been shown to increase aggressive behaviour in male mice (Nicolas et al.,
2001) and to be associated with higher aggression in monkeys (Goncharova et al., 2010),
suggesting either species, context specific or dose specific differences. In humans, aggression
was associated with higher DHEAS in conduct disordered male adolescents (van Goozen et
al., 1998) yet lower DHEAS was found in males with first episode schizophrenia who had
previously been aggressive (Strous et al., 2004) and in those who had previously been
aggressive when examining DHEAS during early phase of alcohol withdrawal treatment. The
latter showed a relationship with reduced suppression on dexamethasone suppression test but
not with basal cortisol (Ozsoy and Esel, 2008). These results are perhaps not so contradictory
if one remembers that there exist therapeutic windows of optimal dosing and that both
extremes of concentrations are likely to give similar effects.
Stress:
In normal populations, higher DHEA has been found to correlate with less dissociation and
higher performance on stressful underwater navigation training and testing in military
personnel (Morgan et al., 2009) as well as to enhanced memory function via the activation of
the hippocampus and anterior cingulate (Alhaj et al., 2006). Augmented DHEA response
may even have a more direct survival value in reacting swiftly to danger as is demonstrated
by reduced latency in P300 evoked response potential (Braverman et al., 2009). In contrast
to this many chronic illnesses (Maninger et al., 2009) and general stress in healthy carers
(Jeckel et al., 2010) associate with lower DHEAS concentrations. This is not the case with
acute stress (Maninger et al., 2010). If serum DHEAS concentrations are generally lower in a
range of chronic diseases can DHEAS predict prognosis? Survival in critical illness was
associated with higher DHEAS in men but not in women (Sharshar et al., 2011) and along
the same lines low serum DHEAS was associated with increased cardiovascular mortality in
men (Ohlsson et al., 2010). It is not known whether this association also holds true within
psychiatric populations who have increased risks for cardiovascular ill health (De Hert et al.,
2009; Weiner et al., 2011). Higher DHEAS at baseline did indeed indicate better treatment
response and continued abstention from cocaine in one study of cocaine abusers (Wilkins et
al., 2005) and DHEAS rose in depressed males who responded to electroconvulsive therapy
(ECT) (Ozsoy et al., 2008). Yet starting out with a high DHEAS may not be advantageous in
this setting: another study found that in the context of schizophrenia those persons whose
depressive symptoms did not respond to ECT had high initial DHEAS (Maayan et al., 2000).
Similarly in rats, ECT increased DHEAS but if ECT was given along with DHEAS then the
antidepressive effect of reduced immobility in a learned helplessness paradigm was reversed
(Maayan et al., 2005a). This suggests the importance of considering baseline values in
considering the potential effectiveness of DHEA(S) augmentation in adjunctive therapy and
the need to better understand the therapeutic window of 1-agonists.
In summary, DHEAS tends to be lower in chronic conditions such as schizophrenia where it
is associated with deficit symptoms. It increases in those who are treatment responsive, at
least in depression. In contrast DHEA reactively increases when stress in many forms is
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experienced, enhancing neuronal survival and contributing to the excitatory tone in the
central nervous system. One can postulate that if there are conditions that prevent this
reactive increase from happening, for example with genetic polymorphisms or differences in
protein and gene expression, then oxidative stress and cell death may be follow, not just from
glucocorticoticoid neurotoxicity. DHEA(S) appears to act within a therapeutic window
making it likely that both supraphysiological doses and very low normal doses are without
effect. Additionally, a number of medications used as antidepressants and neuroleptics have
sigma receptor effects at therapeutic doses and research is ongoing to find new 1 receptor
ligands in the treatment of depression and anxiety. Findings also suggest 1 receptors are
involved in the pathophysiology of Alzheimer’s disease.
1.3.4

Progesterone and Allopregnanolone

1.3.4.1 Factors Affecting Synthesis and Metabolism of Progesterone and
Allopregnanolone (Allo)
Both progesterone and ALLO are synthesized in the brain (Jung-Testas et al., 1989;
Melcangi et al., 1994) in addition to crossing over the blood-brain barrier into the brain
(Raisinghani et al., 1968). In brief, the cholesterol side chain is removed by P450scc at the
inner mitochondrial membrane to form pregnenolone. In the endoplasmic reticulum
pregnenolone is converted by HSD3B2 enzyme to progesterone. The rate limiting step is
thought to be the rate at which astrocytic cholesterol is transported from the outer to the inner
membrane by steroid acute regulatory protein (StAR).
A number of psychiatric medications have been found to increase progesterone and
allopregnanolone in the brain of rats. These include the antidepressants fluoxetine (Pinna et
al., 2003), amitriptyline, desipramine (Jaworska-Feil et al., 2000) and mirtazapine (Pisu and
Serra, 2004), the mood stabilizer carbamazepine (Jaworska-Feil et al., 2000), the
antipsychotics clozapine (Barbaccia et al., 2001; Marx et al., 2003) and olanzapine (Marx et
al., 2003). Interestingly, the antipsychotics haloperidol, sulpiride or risperidone did not affect
concentrations (Barbaccia et al., 2001). In the case of the antidepressants, the effects on
progesterone or allopregnanolone were obtained at doses that were 10% of those required for
serotonergic or adrenergic effects (Pinna et al., 2003). There were variations between
compounds between acute effects and chronic effects. For example fluoxetine’s acute
enhancement of ALLO normalized after several weeks of treatment whereas mirtazapine
continued to show effects (Barbaccia et al., 2001; Serra et al., 2002). This was also shown
in whether stress induced elevations of brain progesterone and ALLO: mirtazapine and
imipramine abated the stress response (both with regard to corticosterone rises and
catecholamine response (Dazzi et al., 2001a; Dazzi et al., 2001b)) and provided more
continual anxiolytic effect whilst fluoxetine showed a more normal stress response allowing
short term rises in anxiety (Pisu and Serra, 2004). Another interesting observation was that
fluoxetine only raised brain allopregnanolone in rats raised in social isolation not in those
who had been group housed (Pinna et al., 2006) showing the interaction between early
environmental trauma, biological system differences in self-soothing and responsiveness to
medications. As yet there have been no studies examining brain concentrations post-mortem
in humans on and off antidepressants in an attempt to see if similar differences are seen in
humans.
The only studies of medication effects in humans on serum concentrations of progesterone
and ALLO have shown that 600mg clozapine did not raise serum allopregnanolone
(Monteleone et al., 2004). This is in contrast to rats where the equivalent dosages of mg/kg
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clozapine raised both brain and serum progesterone and allopregnanolone. The mechanisms
behind these effects are thought to be i) induction of AKR1C enzyme in the brain (JaworskaFeil et al., 2000), and ii) through the inhibition of the conversion of progesterone and
allopregnanolone to their inactive metabolites. Particularly Cyp2D6 is important in this
regard (Niwa et al., 2008). Although mirtazapine is not regarded traditionally as being
metabolized by Cyp2D6 (Läkemedelsindustriföreningens Service AB, 2011) a number of
publications have shown significant metabolism via this pathway (Borobia et al., 2009;
Desmarais and Looper, 2009; Lind et al., 2009; Ramaekers et al., 2011). Given that Cyp2D6
is widespread in neurons and impacts a number of biological processes aside from drug
metabolism (Bromek et al., 2010; Snider et al., 2008; Zhu, 2008) it is not surprising that it
also affects neurosteroid metabolism.
1.3.4.2 Effects in the Brain by Progesterone
The male brain is more sensitive to progesterone than the female brain as shown, for
example, by the extent of increase in EEG power when locally administered (FernandezGuasti et al., 2003). Progesterone also produces sexually dimorphic effects. For example, it
increases inter-parietal lobe connectivity in males but reduces it in females (FernandezGuasti et al., 2003). These effects are mediated via i) the progesterone receptor which will be
discussed in more detail below, as well as by ii) direct action on intracellular signalling
cascades. Specifically, i) the mitogen-activated protein kinase (MAPK) pathway, a major
signalling pathway involved in transcription and neuronal plasticity, function and survival,
and ii) the Akt (Protein kinase B) cascade (Singh, 2001) which serves to regulate dopamine
and serotonergic transmission (Beaulieu, 2011) as well as metabolism and apoptosis. The
MAPK pathway has been implicated in schizophrenia (Funk et al., 2012) and as a shared site
of action for mood stabilizers as molecularly divergent as lithium and valproate (Gupta et al.,
2011) and clozapine (Pereira et al., 2009). Progesterone, via the Akt cascade and its effect on
inositol 1,4,5-triphosphate (IP3) receptors, increases the gain in calcium signalling making
the cell more responsive to low amplitude stimuli (Hwang et al., 2009; Koulen et al., 2008)
rather than higher amplitude stimuli, thus helping in fine tuning circuitry. Furthermore rapid
modulation of calmodulin dependent protein kinase II and protein kinase C have been
observed with progesterone (Balasubramanian et al., 2008a, b) both pathways being
implicated in for example schizophrenia and depression (Novak et al., 2006) as well as being
sites of lithium action (Sasaki et al., 2006). There may be regional differences in effects on
these signalling cascades as well as differences between short and long-term effects of
certain concentrations of progesterone (Camacho-Arroyo et al., 2011).
In males, serum progesterone concentration has been found to predict 65% of the variability
in serotonergic 5HT1A receptor binding (Lanzenberger et al., 2011), the study awaits
replication. Low expression of 5HT1A receptors has been found in depression and anxiety
disorders (Akimova et al., 2009).
Whilst synthetic progestins exist in most contraceptive and hormone replacement
medications there is to date only one published study in female rats of the effects on the
brain. Four week treatment with ethinylestradiol, levonorgestrel or both showed that
levonorgestrel reduced cortical levels of progesterone and allopregnanolone by over 60% and
was associated with reduced exploratory behaviour (Porcu et al., 2012). Little or no research
has been done in humans (Brinton et al., 2008).
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1.3.4.3 The Progesterone Receptor
The progesterone receptor is one in the family of so called steroid receptors of which the
androgen receptor, estrogen receptors, orphan receptors and vitamin D receptors are other
examples. The progesterone receptor (PR) has 2 major isoforms A and B of which A is a
truncated form of B. A third form C is found in humans and is thought to regulate
transcription of A and B. The receptor is coded by a single gene at chromosome 11q22-23
(Mani, 2008). Progesterone receptors are located intracellularly and are bound to so called
chaperone proteins such as heat shock protein. When progesterone comes into contact with
the PR- chaperone protein complexes the chaperone protein dissociates and the now ligand
bound progesterone receptor interacts with specific response elements in target genes
(Brinton et al., 2008). This is the classical genomic action of progesterone receptors.
However second messenger system activation by neurotransmitters, growth factors and
neurosteroids (progesterone and others) can also activate the PR system. Different second
messenger systems can activate the dissimilar PR dimers of AA or BB or AB and the
response with respect to which genes are transcribed will thus differ (Mani, 2008).
Progesterone receptors are expressed in many brain regions, not just sexually dimorphic
areas, and in some areas they appear to be more numerous in males than females, possibly
accounting for men’s greater sensitivity to progesterone (Wagner, 2008). Those responsive to
oestrogen regulation are in sexually dimorphic regions whereas those who do not respond to
oestrogen are in cerebellum and cortex (Mani, 2008). Progesterone receptors have in the
human adult been detected in entorhinal cortex and subiculum with autoradiographic
techniques (Sarrieau et al., 1986) yet a post-mortem study failed to find intra-nuclear PR (or
intra nuclear Estrogen Receptors for that matter) within cortex (Bezdickova et al., 2007). Yet
given the findings that PR is found in dorsal raphe, hypothalamus and pituitary at least in
monkeys (Bethea, 1994; Kohama et al., 1992) and there is widespread distribution in rats and
guinea pigs in hippocampus, frontal cortex, centeromedial amygdala, thalamus, caudate,
cerebellum and spinal cord (Brinton et al., 2008) it seems likely the same is true for humans.
It has been suggested that progesterone receptors during pregnancy appear to be regulated by
maternal thyroid hormones rather than by oestrogen and other sex hormones (Wagner, 2008).
The high progesterone environment during foetal life appears necessary for motor
development and maturation of the foetus as evidenced by benefits of progesterone
supplementation after extreme preterm delivery of the infant (Trotter et al., 2001).
Pharmacologically, a potent progesterone receptor antagonist is mifepristone or RU486
which has an effect on progesterone receptors at doses much lower than those required for
glucocorticoid receptor blockade (0.5-1mg/kg compared with 4-6mg/kg) (Spitz and Bardin,
1993). Mifepristone has in phase 2 and 3 studies been given in high doses yielding
antiglucocorticoid effect to persons with psychotic depression without major effect on
depressive symptoms (Nihalani and Schwartz, 2007), perhaps unsurprising as another study
examining high dose treatment with both this and a newly developed specific progesterone
receptor antagonist revealed increased immobility in rats suggesting depressive type
behaviour (Beckley et al., 2011) once again reminding us of the possibility of a bell-shaped
dose response curve.
As to gene variants in the progesterone receptor, one polymorphism has been associated with
increased risk for panic disorder in women (Ho et al., 2004).
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1.3.4.4 Progesterone – Psychiatric Disorders and Behaviour
Schizophrenia:
Two small studies have reported higher progesterone in males with schizophrenia compared
to healthy controls (Taherianfard and Shariaty, 2004) when subjected to metabolic stress
(Breier and Buchanan, 1992) but age was not taken into account Another study also found
higher serum progesterone (Guest et al., 2011) but unfortunately the sexes were analysed
together and it was unclear whether women were taking oral contraceptives.
Mood Disorders:
Progesterone has long been suspected of having depressogenic effects in humans given the
occurrence of premenstrual dysphoria in some women at a time of very high progesterone
concentrations. A number of studies have examined links and possible mechanisms and the
interested reader is referred to a comprehensive review in this area by Andréen (2009). In
summary, evidence has been found for changes in GABAA receptor sensitivity to
allopregnanolone and to the rapid change in progesterone concentrations in the premenstrual
period in women with premenstrual dysphoria.
A single injection of progesterone in women during follicular phase which brings
progesterone and allopregnanolone concentrations in serum to luteal phase concentrations
has been found to increase amygdala response to fearful faces (van Wingen et al., 2008)
whilst coupling of the amygdala with the medial prefrontal cortex also was increased. It was
hypothesized that this coupling may correlate with a tendency to ruminate on negative
events. Yet when progesterone was increased further there appeared to be reduced neural
response to fear in the amygdala and a shift to hippocampal activity in memory encoding
(van Wingen et al., 2007). Another study failed to find luteal phase differences in women
with premenstrual dysphoria but did find evidence for greater amygdala reactivity as a
function of follicular phase concentrations and as a function of anxiety proneness (Gingnell
et al., 2012). Even in healthy men there appear to be correlations with fear and anxiety
whereby state but not trait anxiety scores correlate with progesterone concentrations
(Brambilla et al., 2004).
With regard to bipolar disorder, luteal phase progesterone (7-10 days prior to menses) was
noted to be higher in euthymic bipolar women than controls (Hardoy et al., 2006) however
given the uncertainty of ascertaining just these days in the cycle and the large variability of
progesterone peaks it is hard to draw conclusions from this result. Progesterone during
follicular phase or in males has not been investigated in bipolar disorder.
Low progesterone during follicular phase or postmenopausally in women with chronic
fatigue syndrome was found to be inversely proportional to depression scores and it was
found that a metabolite, isopregnanolone, was significantly correlated with the occurrence of
chronic fatigue, suggesting alteration in progesterone metabolism (Murphy et al., 2004).
1.3.4.5 Effects of Allopregnanolone in the Brain
Allopregnanolone is the endogenous antagonist of DHEAS with inhibitory activity at the 1
receptor (Wang et al., 2007) as well as agonistic allosteric effects at the GABA A receptor
(Agis-Balboa et al., 2007; Miczek et al., 2003) (see Figure 3). This means that there is
prolongation of chloride channel opening time with greater influx of chloride into the cell
when the receptor is activated; yet the effect is bell-shaped such that both low doses and very
high doses may have less effect than intermediary doses. Behaviourally this effect can also
34

be seen with other GABAA agonists such as benzodiazepines or alcohol where low or high
doses may result in aggression or proconvulsant effects in place of the more intermediary
sedative effects. The picture is further complicated by the effects of the 3β metabolites of
ALLO which counteract the effect of ALLO but when this is not present, take over as
GABAA positive modulators (Stromberg et al., 2006). Changes in allopregnanolone
concentration also change the expression of receptor subunit types within the GABA A
receptor which in turn give contradictory effects (Follesa et al., 2004) further complicating
the interpretation of in vivo effects.
Acute administration of allopregnanolone lessens firing of serotonergic neurons whereas
more chronic administration increase firing rates (Robichaud and Debonnel, 2004). With
regard to dopamine signalling allopregnanolone has been shown to have no effect in cortical
regions in adulthood but if given early in the postnatal period in rats ALLO did produce
changes in the striatum (Muneoka et al., 2009). Behavioural effects consistent with reduced
anxiety are seen if ALLO is infused into medial prefrontal cortex or amygdala (Engin and
Treit, 2007), components of the fear response pathways.
Like progesterone, allopregnanolone has neuroprotective effects by means of reducing
NMDA mediated excitotoxicity in human neuronal cell lines (Lockhart et al., 2002),
increasing neural progenitor cells in rats and human cell lines (Wang et al., 2005) and
reducing build up of β-amyloid plaques in addition to reducing microglia activation in rat
models of Alzheimer’s disease (Chen et al., 2011). However if allopregnanolone was given
late in the first postnatal week to rats (equivalent to late foetal stage in humans) then a
reduction of overall cell numbers, but not of glutamatergic cells, was seen later in the adult
thalamus suggesting a role also in cell pruning (Gizerian et al., 2004). These findings are
similar to those seen in schizophrenia possibly indicating a contribution of neurosteroid
systems to this disorder.
1.3.4.6 Allopregnanolone – Psychiatric Disorders and Behaviour
Schizophrenia:
ALLO has been measured in a very small number of males with schizophrenia where a linear
relationship was found between allopregnanolone and overt hostility during the previous
week as well as to paranoia subscale scores on PANSS (Spalletta et al., 2005).
Mood Disorders:
As seen in Figure 4 an inverse U shape or bell shaped curve exists for negative mood
symptoms and serum ALLO concentrations in postmenopausal women treated with
progestins (Andreen et al., 2006). CSF Allopregnanolone and progesterone concentrations
were seen to be lower in males with major depression yet only the former normalized with
fluoxetine treatment (Uzunova et al., 1998). A blunted allopregnanolone response to stress
has been seen in women who had a history of depression (Klatzkin et al., 2006) while the
converse has been noted in panic disorder (Strohle et al., 2003). Additionally both
progesterone and allopregnanolone have been noted to be elevated in males with panic
disorder compared with healthy controls (Brambilla et al., 2005) possibly a compensatory
attempt at endogenous anxiolysis as women however with another anxiety related disorder,
post traumatic stress disorder have shown lower CSF allopregnanolone concentrations
(Rasmusson et al., 2006). It is important to note that whilst allopregnanolone in the luteal
phase is coupled to luteinising hormone it is much more intimately coupled to cortisol in
other menstrual phases and in men (Genazzani et al., 2002) and is therefore, along with
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Figure 4: Mood symptoms according to serum allopregnanolone concentrations in postmenopausal women
receiving hormone replacement therapy (Andreen 2006)

cortisol and progesterone, stress
responsive. There are as yet no
published studies examining allopregnanolone in bipolar disorder. In
summary, progesterone and ALLO are
involved in endogenous anxiolytic effect
and in mood states in a biphasic, bell
shaped manner. They act agonistically
via GABAA receptors in much the same
manner as benzodiazepines and alcohol.
They are thought to be the endogenous
antagonists of DHEAS and DHEA.
Progesterone also acts at the PR with
genomic effects and second messenger
cascades, some of which are implicated
in schizophrenia and in the treatment of
bipolar disorder. Whilst progesterone
concentrations vary widely in women
across the menstrual cycle and during
pregnancy, male brains are more
sensitive
to
progesterone
and
associations are found with differences
in the serotonergic system. Thus, the
previously held assumption that it is not
relevant to study progesterone concentrations in males due to the low levels
compared to females can be regarded as
erroneous.

1.3.5 Testosterone
1.3.5.1

Factors Affecting Testosterone Concentrations

In blood, there is often an age related decline in free testosterone (Thilers et al., 2006) though
clinical reference ranges do not take age into account and it is argued that we require the
same testosterone concentration throughout life (Brambilla et al., 2007). Testosterone is
strongly bound to sex hormone binding globulin (SHBG) the result of which is to make the
bound testosterone unavailable to cells. The percentage bound to SHBG is circa 60-70% in
women and 40-50% in males. Some of the remaining testosterone is loosely bound to
albumin (approx 50% for men, and 30% for women) making it available to the body. The
remaining testosterone is regarded as freely circulating (free testosterone). The testosterone
portion that is free and that which is bound to albumin are together described as bioavailable
testosterone and is regarded as that available for cellular uptake. Peak testosterone
concentrations in the blood are found between 7 and 9 am (Diver, 2006).
Because SHBG sequesters testosterone, factors influencing its concentration are paramount
in the control of testosterone availability. SHBG is manufactured in the liver, testes, placenta
and brain (within neurons) (Damassa and Cates, 1995). Thyroxine increases SHBG by
reducing hepatic lipogenesis and the stimulation of hepatocyte nuclear factor 4 (HNF4)
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(Selva and Hammond, 2009). In contrast, prolactin, insulin and insulin like growth factor all
reduce SHBG synthesis as does sugar (Selva et al., 2007). As a result low SHBG
concentration (and by corollary high free testosterone or bioavailable testosterone) can be
seen as a marker for diabetes and metabolic syndrome in women at least (Selva et al., 2007).
In males low SHBG accompanied by low testosterone have been associated with insulin
resistance and metabolic syndrome (Grossmann, 2011). Oestrogen increases SHBG whilst
low concentrations of testosterone reduce it. Surprisingly, higher concentrations of
testosterone do not appear to induce production of SHBG (Edmunds et al., 1990), generating
a positive feedback system in cellular availability of testosterone rather than a homeostatic
system at higher concentrations. SHBG concentrations in women are viewed to be relatively
heritable (0.56) (Coviello et al., 2011). SHBG is increased in the luteal phase of the
menstrual cycle whereas total testosterone remains unaltered by menstrual phase meaning
that both free testosterone and bioavailable testosterone fall during the luteal phase (Schijf et
al., 1993) although the extent of this is not large. SHBG gene is found at 17p12 and differing
numbers of copy number repeats have been associated with lower risk of having diabetes
type 2 (Perry et al., 2010), and polymorphisms have been linked to structural changes in the
protein leading to reduced binding to testosterone (Ohlsson et al., 2011) and to lower
concentrations of SHBG (Cousin et al., 2004) making more testosterone available to cells as
for example in PCOS (Damassa and Cates, 1995).
Previously it has been thought that testosterone is reduced by medications such as
neuroleptics that raise prolactin. Hyperprolactinemia is associated with lower luteinising
hormone concentrations which in turn are associated with lower serum testosterone in men
and with lower estrogen in women (Wilson, 1998). In males, some have found increases in
testosterone in the first 30 days of treatment with neuroleptics (Brambilla et al., 1975) yet
others have found no association between neuroleptic treatment with moderate doses
haloperidol or risperidone (Kaneda and Fujii, 2000; Kaneda and Ohmori, 2003) or sulpiride
(Baptista et al., 1997) and testosterone. Only in very high dose treatment in males has
testosterone been noted to decrease (Brown et al., 1981; Rinieris et al., 1989). Rat
experiments have confirmed that high dose but not intermediate dose treatment with
neuroleptics reduces testosterone in males (Okonmah et al., 1986). The effect in women is
less well known - healthy women given moderate doses of sulpiride for 30 days showed no
effect on free testosterone concentrations yet oestradiol was reduced (Baptista et al., 1997).
No studies have yet documented before and during neuroleptic treatment hormone
concentrations in women with schizophrenia or bipolar disorder.
The neuroleptics mentioned above have all prolactin raising properties yet neuroleptics
without this profile have also been associated with altered testosterone concentrations (Huber
et al., 2005). Olanzapine treatment has for example been found to reduce SHBG
concentrations in women but not in men (Birkenaes et al., 2009). A number of studies have
shown that there are additional control mechanisms which mean an uncoupling between
dopamine, prolactin and androgen synthesis (see for example Connell (1984), Molitch
(1993)). Prolactin lowers SHBG synthesis generating an increase in bioavailable testosterone
(Misra et al., 2004) but to complicate the picture further is the finding that when dopamine is
lowered by, for example, neuroleptics testosterone begins to stimulate prolactin secreting
cells (Christian et al., 2000). Presumably this explains the initial increases seen in
testosterone but that after a while other mechanisms operate to effect the changes seen.
Several other medications have been suggested to affect serum concentrations. Sodium
valproate has been shown to increase testosterone early on in treatment both by reducing
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SHBG and increasing testosterone in males (Rattya et al., 2001b) and in women (McIntyre et
al., 2003; Rattya et al., 2001a). Yet these studies have examined values against healthy
population means (not healthy controls) or those of lithium treated persons and have not
followed levels before and after treatment initiation. Lithium has itself been suggested to
reduce testosterone in male rats (not female) (Allagui et al., 2006; Sheikha et al., 1987) but
not in humans (Hunter et al., 1989). Antidepressants such as amitriptyline and imipramine
have been associated with reduced serum testosterone concentrations (Przegalinski et al.,
1987) but citalopram and mianserin increased them. The brain concentrations did not follow
suit. The mood stabilizer lamotrigine has not in humans been shown to change concentrations
yet carbamazepine has been suggested to increase androgen receptor (AR) signalling as
shown in hippocampal tissue after surgical resection in complex partial seizures (Stephen et
al., 2007). With regards to other psychiatric treatments ECT does not appear to have any
acute effect on testosterone (Cooper et al., 1989).
Maternal smoking has been found to change testosterone concentrations in foetal rat brain
due to inhibition of aromatase (Sarasin et al., 2003). In fact it was found that there were sex
specific modifications in testosterone concentration which appeared in some situations to
persist into adulthood. Male rats became, rather surprisingly, demasculinized in behaviour
(Segarra and Strand, 1989) but without changes in plasma testosterone concentrations.
Female rats however, had raised testosterone concentrations persisting into adulthood (Smith
et al., 2003). If given to males in adulthood nicotine appeared to reduce testicular steroidogenesis (Jana et al., 2010; Kavitharaj and Vijayammal, 1999). In women, cigarette smoking
has been associated with increased free testosterone (Brand et al., 2011).
Alcohol reduces testosterone rapidly and transiently in males (Ida et al., 1992) yet the
converse is true for women. In fact red wine, as opposed to white wine, increases testosterone
and reduces SHBG in women (Shufelt et al., 2011). Alcohol dependent women have in
several studies been shown to have raised free testosterone due to reduced SHBG (Pettersson
et al., 1990; Valimaki et al., 1990; Valimaki et al., 1995) while men have had normal
testosterone (Schiavi et al., 1995) until complications set in. Hence both alcohol and smoking
are associated with contrary effects on testosterone in males and females.
1.3.5.2 Effects in the Brain
Testosterone has a number of actions in the brain most of which are mediated by the binding
of the androgen receptor whose actions will be explored in greater detail below. This
discussion focuses on the effects of testosterone at physiological concentrations, not on the
effects of anabolic steroid use. In the research paradigm which focuses on gonadectomy and
testosterone substitution one attempts to distinguish the androgenic effects of testosterone
from the effects of its metabolite oestradiol by giving finasteride (a SRD5A2 antagonist)
which blocks conversion of testosterone to the more effective androgen dihydrotestosterone
(DHT) thereby increasing instead the conversion to oestradiol. Predictably, there are dosing
effects of testosterone – at physiological concentrations there are clear neuroprotective
effects which are reversed into apoptotic effects when supraphysiological doses are given as
in the case of anabolic steroid abuse (Estrada et al., 2006; Nguyen et al., 2005b).
Testosterone has been found in many parts of the brain in both sexes and perhaps
surprisingly without sex difference (Lanthier and Patwardhan, 1986). Foetal testosterone is
responsible for the rightward asymmetry in the development of the corpus callosum (Chura
et al., 2010). The highest adult concentrations are found in the substantia nigra, preoptic area
and hypothalamus however testosterone is also found in significant concentrations in the
amygdala, caudate, putamen, thalamus and in the hippocampus as well as in temporal and
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parietal cortex (Bixo et al., 1995). In human females, hippocampus and temporal cortex are
more testosterone rich than estrogen rich (Bixo et al., 1995). In areas where testosterone and
androgen receptors are not found, testosterone can still exert effects, for example,
testosterone’s stimulation of vasopressin (Magnusson and Meyerson, 1996) is mediated
through central amygdala pathways relaying onto bed nucleus stria terminalis (BNST) and
subsequently to the paraventricular nucleus of the hypothalamus (Viau et al., 2001).
Testosterone increases neurite outgrowth (Estrada et al., 2003) via increased neuritin gene
expression (Marron et al., 2005), increases spine density in CA1 layer of male rat
hippocampus and maintains synapses in this same region (Hajszan et al., 2008; Leranth et al.,
2003; Leranth et al., 2004). Combined with brain derived neurotrophic factor (BDNF) it
maintains dendritic arborisation (Yang et al., 2004). It is essential for example, in astrocytic
differentiation and sprouting in the hypothalamus (Mong and McCarthy, 1999), and has been
found to increase GFAP immunoreactivity in astrocytes in the hippocampus (Conejo et al.,
2005). GFAP is thought to be essential in maintaining the shape of astrocytes. In a similar
vein testosterone is also involved in maintaining pyramidal neuron soma (body) size (Isgor
and Sengelaub, 1998).
Vasodilatory effects of testosterone have been noted in the periphery as well as in the CNS
(Azad et al., 2003; Rosano, 2000; Zitzmann et al., 2001) and low testosterone has in a
number of studies been found to be a significant risk factor for cardiovascular ill health in
males (Yeap 2010) as well as for diabetes and for the forerunner of both – metabolic
syndrome (Zitzmann, 2009).
1.3.5.3 The Androgen Receptor
The androgen receptor (AR), like the progesterone receptor, is one in the family of steroid
receptors. It was initially deemed to be a nuclear receptor. It is coded for by the gene AR
located at Xq12. A membranous form has since been found (Foradori et al., 2008). The
nuclear receptor is responsible for the genomic effects of testosterone - the bound AR acts as
a transcription factor binding to specific DNA response elements causing activation or
repression of transcription and protein synthesis (Foradori et al., 2008).
AR Gene:
There are 8 exons in AR of which the first exon corresponds to the N terminal domain in the
protein, numbers 2 and 3 to the DNA binding domain and the remainder to the ligand binding
domain. Over 400 non lethal point mutations have thus far been identified in the AR gene and
associated with reduced receptor activity. Unsurprisingly, these have predominantly been
identified in males investigated for infertility and poorly developed genitalia and secondary
sex characteristics. Many of these are known as partial or complete androgen insensitivity
syndromes. Associations with prostate cancer (commonly) and with liver cancer (some) have
also been noted in males (http://androgendb.mcgill.ca/). Their effects in females have not
been examined although premature ovarian failure has been mentioned (Panda et al., 2010).
Some mutations yield an androgen receptor which binds less strongly to testosterone or DHT
and more strongly with DHEA, progesterone and oestradiol thus enabling non androgens to
exerts androgenic effects in the body (Tan et al., 1997).
The genetic variations that have been most studied are those in exon 1: copy number variants
of CAG repeats and GGN repeats. The first repeat sequence of CAG has normally a length
between 8 and 35 repeats (Rajender et al., 2007). Short repeat sequences have been
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associated with higher serum testosterone concentrations in women (Brum et al., 2005;
Westberg et al., 2001) and men (Krithivas et al., 1999; Mifsud et al., 2001), hirsutism and
acne in women and androgenic alopecia in men (Sawaya and Shalita, 1998). Yet other
studies have found higher free and total testosterone in men with greater numbers of repeats
(Crabbe et al., 2007; Lindstrom et al., 2010; Manuck et al., 2010; Walsh et al., 2005) and
some studies have found no relation at all (Canale et al., 2005; Schatzl et al., 2003; Van
Pottelbergh et al., 2001). The discrepancies may be due firstly to the practice in all bar one
study to split the number of repeats into short and long based on a mean or median split and,
secondly, that different racial groups have different number of repeats such that 21-23 alleles
may be classed as long in one study and short in another. Recent data indeed suggest optimal
activity at around 22 repeats and 20% less activity at 16 or 28 repeats (Nenonen et al., 2010).
With regards to clinical associations, repeat sequence variability has been associated with a
number of traits and some psychiatric conditions for example, adolescent depression (Geng
et al., 2007; Su et al., 2007), adolescent aggressiveness (Vermeersch et al., 2010) and
muscular tension (Jönsson et al., 2001).
Between the above repeat sequences is a synonymous base substitution polymorphism
(rs6152) which has in a number of studies been found to predict hyperandrogenism in men
and in women. Interestingly, hyperandrogenism is coupled to the G allele in males (see metaanalysis by Zhuo et al, 2011) but the A allele in females (el-Samahy et al., 2009; Peng et al.,
2010).
Brain Androgen Receptor:
The brain AR exists as intra-nuclear and membranous forms. The cell membrane form
appears to be most abundant in areas where the nuclear form is not prominent (DonCarlos et
al., 2003). Membranous AR is found i) in dendritic spines of hippocampal pyramidal cell and
granule cells, as well as ii) in synaptic vesicles within preterminal axons and axon terminals
of the GABAergic stratum in the cortex (Finley and Kritzer, 1999), and iii) in gap junctions
with astrocytes (Tabori et al., 2005). It is almost 100% co-localized with tyrosine
hydroxylase expressing cells in the nervous system, at least in rats (Kritzer, 1997). It
activates tyrosine kinase (Kousteni et al., 2001) enhancing downstream the MAPK pathway
causing cell migration, proliferation and differentiation. Androgens have been found to
interact with the glutamatergic system to boost dopamine release in the prefrontal cortex
(Aubele and Kritzer, 2011). Additionally, testosterone reduces dopamine turnover in the
nucleus accumbens (Yang and Shieh, 2007) and changes D1 receptor binding in the striatum
(Andersen et al., 2002). Testosterone upregulates the binding potential of the dopamine
transporter (Kindlundh et al., 2002) as well as increasing dopamine and serotonin
concentrations in the above areas in the brain (de Souza Silva et al., 2009). Androgen
receptor activation upregulates monoamine oxidase type A gene expression (Ou et al., 2006)
contributing to effects in the monoaminergic systems in the brain.
The nuclear form is often co-localized with somatostatin containing cells in amygdala,
cortex, hippocampus, hypothalamus and BNST. It does not co-localize with corticotrophin
releasing hormone, vasopressin or oxytocin containing cells, exerting its effects on these via
interneurons (Viau et al., 2001).
1.3.5.4

D2:D4 Digit Ratio and Prenatal Testosterone Exposure

Grüning in 1886 measured finger length from metacarpal joint to tip of fingers and found a
sex difference whereby males had a lower ratio of index finger (D2) to ring finger (D4)
length compared with females (Peters et al., 2002). Whilst several other investigators
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demonstrated similar findings the results were largely forgotten until Manning (1998)
reawakened interest by describing possible relationships between these ratios and sex
hormones especially testosterone. It was proposed that prenatal testosterone exposure
affected the expression of the Hox gene family shown to influence growth and patterning of
digits in animals and humans. Since then over one hundred studies have examined D2:D4
digit ratios as a proxy for prenatal testosterone exposure. Whilst studies agree that there are
sex differences, racial differences are larger (Manning et al., 2003). It has been found that
adult testosterone concentrations are not related to D2:D4 ratios (Hönekopp et al., 2007;
Muller et al., 2011). In line with development hypotheses, it is thought that not only prenatal
but also perinatal and neonatal testosterone concentrations may all influence the D2:D4
finger ratio, at least in males (Knickmeyer et al., 2011). Confirmation of a correlation
between foetal amniotic fluid testosterone and D2:D4 ratio has been forthcoming in one
study (Lutchmaya et al., 2004) yet another study found little correlation between amniotic
testosterone concentration and foetal blood concentration of testosterone (Rodeck et al.,
1985). Maternal cord blood concentrations of androgens have not been found to correlate
with D2:D4 ratio (Hickey et al., 2010). Even with the above caveats there have been studies
done, for example in congenital adrenal hyperplasia, showing masculinised patterns of digit
ratios in affected women compared with healthy controls (Brown et al., 2002; Okten et al.,
2002; Puts et al., 2008) adding circumstantially to the hypothesis that there is an association
between digit ratios and pre/perinatal testosterone.
With regard to psychiatric disorders, male schizophrenic patients have shown feminized
patterns of D2:D4 ratios. In fact while there was no difference in ratios between male and
female patients, female patients had the same digit ratios as healthy females (Arato et al.,
2004; Collinson et al., 2010). Similar findings have been seen in adolescents meeting criteria
for schizotypal disorder (Walder et al., 2006) regarded by many as part of the schizophrenia
spectrum of disorders. Several studies have examined autistic children and found increased
masculinised pattern (Manning et al., 2001; Milne et al., 2006; Noipayak, 2009) however in
all of the autism studies age ranges were substantial and results difficult to interpret as digit
ratios alter over time in childhood and may not correlate with adult values.(Bloom et al.,
2010; Knickmeyer et al., 2011). In fact the only study thus far examining digit ratios in adults
found a slightly more feminized pattern in males and no difference in women (Bejerot et al.,
2012). There have been no published studies to date examining digit ratios in bipolar disorder
or other affective disorders.
Measuring digit ratios have been done by several methods making comparison between
studies difficult. Grüning (1886) and Pfitzner (1893) measured from the flexed metacarpal
joint the outstretched fingers on the dorsal aspect. Manning (1998) measured the ventral
length of the fingers as measured from the most proximal crease of the finger to the finger tip
using callipers. This measurement can be obtained either live or via photocopies (Peters et
al., 2002) and is the method most commonly used in modern studies.
1.3.5.5

Associations with Behaviour and Psychiatric Disorders

Given the observation that anabolic steroids can increase aggressive behaviour (review
(Kanayama et al., 2010)) and produce manic like symptoms (Gruber and Pope, 2000; Pope
and Katz, 1988) a number of groups have investigated whether endogenous concentrations of
testosterone are correlated with these and other behavioural or psychological symptoms.

41

Fear and Anxiety:
Functional imaging studies examining response to exposure to angry and fearful faces have
found that low testosterone concentrations in hypogonadal males and, to a certain extent, in
females are associated with relatively little activation in orbitofrontal cortex (OFC) and
anterior cingulate (Redoute et al., 2005; Stanton et al., 2009) but greater amygdala activation,
an effect thought to be due to GABAA disinhibition. Other studies have documented greater
amygdala activity in those with high normal testosterone (Derntl et al., 2009; Hermans et al.,
2008; Manuck et al., 2010; van Wingen et al., 2009) suggesting that both extremes of
testosterone concentrations activate fear pathways. Anxiogenic situations normally result in
increased delta - beta coupling of EEG in the OFC and cingulate (Knyazev, 2011; Knyazev et
al., 2006) an effect which is blunted by high testosterone (Schutter and van Honk, 2004).
Furthermore, short sequences of CAG-repeats in AR have been associated with the greatest
amygdala activation (Manuck et al., 2010). These subtle differences in brain activation may
interact with the brain effects of cortisol to affect behaviour. For example, utilising computer
games, it has been found that men who had high concentrations of both testosterone and
cortisol chose not to compete again after defeat whereas those who had high testosterone but
low normal cortisol competed again. Those with low testosterone were less likely to compete
again regardless of cortisol concentration. Defeat reduced testosterone in the high
testosterone males but had little effect in those with low concentrations (Mehta and Josephs,
2010). This has been interpreted to mean that testosterone is involved in responsiveness to
social threats and social hierarchy, a finding that may have significance for the equivocal
findings of the role of physiological levels of testosterone on aggression (Archer, 1991;
Brooks and Reddon, 1996; Dabbs et al., 1987; Popma et al., 2007; Rada et al., 1976; Rada et
al., 1983; Rasanen et al., 1999). The possible interactive effects of testosterone, social
environment and cortisol may be important also for the interpretation of low testosterone
concentrations found in several psychiatric disorders.
Severe stress associated with military training has been found to reduce testosterone (Opstad,
1992) even though exercise on its own increases concentrations especially in older males
(Ari et al., 2004). Lower CSF testosterone (free testosterone) has been found in males with
post traumatic stress disorder even though serum levels were normal. Normally there is no
direct relationship between corticotrophin releasing hormone and testosterone however in
this group of PTSD sufferers there was an inverse relationship between the two (Mulchahey
et al., 2001).
Depressive Symptomatology:
A number of studies have documented the association between low serum testosterone in
healthy males with depressive ideation (see review bu Amiaz and Seidman, (2008) and
Vermeersch (2010)) yet it is not nearly so certain that one can extrapolate this to say that
major depression can result from low testosterone. Blunted morning testosterone has been
observed in depressed males in some studies (McIntyre et al., 2006; Rupprecht et al., 1988;
Schweiger et al., 1999; Steiger et al., 1991) but not in all (Levitt and Joffe, 1988; Rubin et al.,
1989). CSF testosterone was higher in unmedicated males with dysthymia and in those with
an unspecified depression not meeting criteria for major depression compared with other
males with substance use or major depression who had made a suicide attempt (Gustavsson
et al., 2003). In women, the only study examining the potential association between
depression and testosterone found that testosterone was elevated in major depression and
normalized with treatment (Baischer et al., 1995). Other studies examining women suffering
from hirsutism have found a greater occurrence of elevated testosterone in depressed women
compared with those who were not depressed (Shulman et al., 1992) and correlations have
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been seen between depressive symptoms, hostility and phobic anxiety and free testosterone
(Derogatis et al., 1993). However, arguing against these findings is an open labelled trial in
depressed women with testosterone gel, which raised testosterone levels to high normal, and
which found that women with the lowest pretreatment testosterone concentrations had the
greatest antidepressant effect of the testosterone gel (Miller et al., 2009) with one third of
these previously treatment resistant patients achieving remission at 8 weeks and a further
third obtaining >50% symptom reduction on MADRS. In animal studies, a sex difference has
been seen with regards to effectiveness of testosterone treatment on depressive type
symptomatology. Male gonadectomised rats responded to testosterone as well as to
imipramine and showed an augmentation effect of testosterone on hippocampal cell
proliferation. Female gonadectomised rats responded to neither of these interventions but
aromatase inhibitors were not administered which makes it difficult to determine whether
effects were the result of testosterone or estrogen or an imbalance of the two (Carrier and
Kabbaj, 2012).
Schizophrenia:
Hypogonadism has been documented in a large subgroup of male and female patients with
schizophrenia before the era of neuroleptics, also being associated with a range of structural
abnormalities in the adrenal glands (Hoskins and Pincus, 1949; Lewis, 1921; McCartney,
1929). Males with schizophrenia have in a number of small modern studies been shown to
have lower serum testosterone concentrations (total and or free or bioavailable) (Brambilla et
al., 1975; Fernandez-Egea et al., 2011; Huber et al., 2005; Mendrek et al., 2011; Rasanen et
al., 1999) and a correlation has been found with the severity of negative symptoms
(Akhondzadeh et al., 2006; Goyal et al., 2004; Ko et al., 2007; Shirayama et al., 2002) and to
disorganization but not to negative symptoms or depressive symptoms (Fernandez-Egea et
al., 2011). Treatment with exogenous low dose testosterone gel in a randomized active /
placebo trial has shown effect on negative symptoms in males (Ko et al., 2008). Even in a
subgroup of high risk adolescent males with prodromal symptoms suggestive of
schizophrenia development, salivary testosterone (which measures free testosterone) has
been found to be low when matched for age and Tanner stage (van Rijn et al.). Males with
schizophrenia who had attempted suicide had by far the lowest testosterone concentrations
compared with other male schizophrenic patients (Tripodianakis et al., 2007). A possible
exception to the above is the suggestion that testosterone is more normal in males with the
paranoid subtype schizophrenia (Mason et al., 1988). Few studies have examined women
with schizophrenia however some have suggested higher free and bioavailable testosterone
concentrations (Ataya et al., 1988; Johansson and Mowry, 1996; Mendrek et al., 2011)
without a change with neuroleptics (Oades and Schepker, 1994).
Bipolar Disorder:
The only study comparing males with bipolar disorder to males with schizophrenia found
that manic males had higher testosterone serum concentrations however there were no
healthy controls to compare with (Ozcan and Banoglu, 2003). No studies yet published have
compared testosterone in females with bipolar disorder to healthy controls, rather the studies
have focussed on comparing women on and off sodium valproate, given the assertion that
valproate increases the risk for polycystic ovarian syndrome (McIntyre et al., 2003; Rasgon
et al., 2005a; Rasgon et al., 2005b). It is in fact not clear if there solely are links between
valproate and PCOS or if the increased risk for PCOS is also linked to the underlying bipolar
disorder as seems to be the case with epilepsy (Akdeniz et al., 2003).
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Cognition and Personality:
The link between testosterone and cognitive performance in healthy adults has been
investigated with regard to understanding sex differences in verbal and spatial performance
and yielded ambiguous results. For example, low testosterone in women has been associated
with better verbal fluency in younger women (Thilers et al., 2006) but the reverse in older
women (Drake et al., 2000). In males and females higher testosterone has been linked to
better spatial memory (Aleman et al., 2004; Cherrier, 2005; Postma et al., 2000), better
mental rotation ability in females (Postma et al., 2000) and to faster reaction times (Fontani
et al., 2004) yet another study found that low testosterone in males were associated with
better performance on block design, a test of visuospatial ability (Yonker et al., 2006). In
adolescent females higher free and bioavailable testosterone has been linked to
aggressiveness (Pajer et al., 2006). Total testosterone in women has in one study been found
to correlate with paranoia traits on the Minnesota Multiphasic personality inventory
(Avgoustinaki et al., 2012).
Developmental Findings:
Of relevance in understanding the role of early hormonal milieu in brain development
predisposing to later psychiatric morbidity are the animal experiments which either stress
pregnant rats or subject very young animals to stress. Restraint stress in pregnant dams has
the effect of reducing the adult testosterone concentration in their male offspring although
early postnatal testosterone concentrations are normal. Monoamine levels in adulthood are
altered in sexually dimorphic ways dependent it seems upon the effect of testosterone and
oestrogen in the brain. Female offspring’s brains were more masculinised than those whose
mothers had not been stressed. In females, prefrontal cortex dopamine was reduced and its
metabolite homovanillic acid (HVA) increased as was norepinephrine and the serotonin
metabolite 5HIAA. However in the hippocampus both dopamine and its metabolite HVA
were reduced. In males only dopamine was reduced in the prefrontal cortex and hippocampus
(Bowman et al., 2004). Another study found that high neonatal exposure to testosterone in
female rats increased the likelihood of in adulthood exhibiting depressive and anxious
behaviour when exposed to chronic mild unpredictable stress (Seney et al., 2012).
That stress effects on hormonal parameters can transmit into second generation offspring has
now been documented in a study which only stressed pat grandmothers of male rats. These
male second generation offspring were demasculinized in their brain gene expression
patterns and showed amongst other findings increased ERβ receptors (Morgan and Bale,
2011). Female offspring appeared not affected.
In summary, testosterone has a number of effects in the brain including genomic actions as
well as roles in regulating dopaminergic transmission and other monoaminergic actions as
shown for example by being co-expressed with tyrosine hydroxylase in neurons and
interacting with GABAergic and glutamatergic systems. There is clinical evidence of it
being reduced in males with chronic schizophrenia and in males with depressive symptoms.
Several studies point to the possibility of it being raised in females with the same conditions.
Whilst chronic neuroleptic treatment does not appear to raise concentrations of testosterone
in males the question has not been well examined in women. Intriguingly, there appear to be
long term effects of stress on adult testosterone if pregnant animals are stressed, going in
opposite directions in male and female offspring whereby males become feminized and
females masculinised. Testosterone affects behaviour as well as frontal-amygdala activation
pathways in response to stress, with differential effects according to cortisol concentrations.
D2:D4 ratio as a proxy for pre and perinatal testosterone has not been examined in relation to
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AR polymorphisms and repeat sequences. There is conflicting data as to what foetal measure
of testosterone D2:D4 ratios relates to even though foetal androgenising syndromes have
been associated with differences in these ratios.
1.3.6

Summary of Neurosteroid Effects

From the above it can be seen that neuroactive steroids have a wide array of functions in
everything from neurodevelopment, maintenance of cell and regional architecture, neuroprotection as well as maintaining balance in the glutamatergic and the GABAergic systems thus
providing a basis from which to influence monoaminergic and dopaminergic systems in the
brain. The major effects of relevance to psychiatry are summarised in Table 6 on the next
page. Some of these effects are sexually dimorphic in regions which are dimorphic whereas
others cut across sex and are similar in males and females. Whilst the knowledge of the
hormonal effects in animals has grown rapidly in the last 20 years it has been decidedly less
research done to document the effects in humans and to correlate structure with function by
for example studying determinants of hormonal parameters in health and illness. The studies
that have been done are often small in size and many lack controls and are of course beset
with the usual difficulties of extracting illness effects from medication effects. The best
documented findings hitherto appear to be low DHEAS and testosterone in males with
schizophrenia along with the disturbances in the progesterone/allopregnanolone systems with
premenstrual dysphoria. The effect of prenatal stress on altering the expression of important
steroidogenic enzymes in brain in animals would lead one to think that similar changes may
be evident with prenatal stress in humans whether or not this is in the form of emotional
stress, cigarette smoking or other conditions engendering oxidative stress and that this would
be an important area for further research.
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2

AIMS OF STUDIES

In light of the expanding literature showing central roles in organization, neuroprotection and
activation of neurotransmitter systems it was hypothesized that several of these neurosteroids
may be implicated in the pathophysiology of bipolar disorders. More specifically it was
reasoned that as DHEAS and progesterone/ALLO exert opposite effects on the GABA and
glutamate systems in the brain and have been implicated in conditions that involve anxiety,
dysphoria as well as mania that these may be also altered in bipolar disorder especially in
those who exhibit mixed episode characteristics. Additionally the evidence suggesting a role
of testosterone in psychosis raised the possibility that this may also be altered in persons with
psychotic subtype of bipolar disorder.
Specifically the aims of the studies were
Study 1: To compare euthymic bipolar patients who had exhibited previous
manic/hypomanic irritability to those who had not in relation to i) serum concentration of
progesterone, and ii) to common (SNPs) in the three genes HSD3B2, SRD5A1 and AKR1C4;
and to study these SNPs in relation to serum progesterone concentrations.
Study 2: To compare euthymic bipolar patients who had exhibited paranoid ideation with
those who had not with respect to i) serum concentrations of DHEAS and progesterone, and
ii) the allele frequency of common SNPs in the three genes HSD3B2, SRD5A1 and AKR1C4.
Study 3: To compare euthymic bipolar patients with a history of depressive psychomotor
agitation to those without with respect to i) serum concentrations of progesterone and
testosterone, as well as ii) to polymorphisms in the three genes AKR1C4, HSD3B2 and
SRD5A1
Study 4: To determine whether euthymic female bipolar patients with a history of psychotic
symptoms differed from bipolar women without psychosis and healthy controls with respect
to i) rs6152 polymorphism of the androgen receptor gene, ii) in D2:D4 ratio, or iii) in current
bioavailable serum testosterone, accounting for the effects of medication.
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3

METHODS

3.1

Overview of Subject Selection and Assessments

The St. Göran Bipolar Project is a prospective, longitudinal study that was launched in 2005
at the Bipolar Affective Disorders Outpatient Unit of North Stockholm Psychiatric Clinic.
The project aims to provide early identification, assessment, treatment and follow up of
patients with bipolar disorder living in the geographical catchment areas of inner city
Stockholm, Lidingö and some northwestern suburbs of Stockholm City. It serviced at the
commencement of the study a population of 320 000 adults coming from affluent inner city
areas, working class suburbs and impoverished areas with high numbers of immigrants and
welfare recipients. Subsequently the North Stockholm Psychiatric Clinic has been split with
the more impoverished areas now belonging to a separately owned and run outpatient clinic.
Patient Recruitment:
The research program was built into the clinical outpatient treatment program as a
naturalistic study design in such as way that all patients were given the same basic workup
regardless of whether they then consented to participating in the study (see flowchart of study
design in Figure 5).

This clinical workup included in depth diagnostic interview by a psychiatrist or psychiatrist
in training utilising the Swedish version of the Affective Disorders Evaluation (Sachs et al.,
2003) which also required the taking into account of information gathered by chart review
and history from relatives, use of the Mini-International Neuropsychiatric Interview MINI for
ascertaining co-morbidity (Sheehan et al., 1998), as well as baseline blood tests and
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measurement of blood pressure, height and weight. Data were presented at diagnostic
conferences and diagnoses according to DSM-IV and according to Akiskal’s classification
were made by consensus of board certified psychiatrists and psychiatrists in training. If
deemed to have a form of bipolar disorder then patients were approached to give consent to
study participation. After consenting to the study, extra elements not critical to, but
advantageous to, day to day management of their condition were added to their work up.
These included a range of self-rating symptom schedules such as Alcohol use disorders
identification test (AUDIT) (Saunders et al., 1993), Drug use disorders identification test
(DUDIT) (Berman et al., 2005), structured clinical interview for DSM IV-tr axis ii
personality disorders (SCID-II) personality screening (American Psychiatric Association,
1997), Swedish scales of personality (SSP) (Gustavsson et al., 2000) as well as lumbar
puncture, structural MRI, as well as finger length of the 2 nd and 4th digits in both hands. A
subset underwent indepth interviewing for comorbid ADHD (see Ryden 2009) as well as
complete neuropsychological assessment with Wechsler adult intelligence scale (WAIS-III)
(Wechsler, 1999), the Delis-Kaplan Executive Function System (d-kefs) (Delis, 2001), as
well as memory testing with Claeson-Dahl (Claeson, 1971). Clinically relevant information
was fed back to the clinicians in order to tailor further investigation and treatment. The
decision to not participate in the study did not preclude the work up of the patient with the
above added tests; rather these components were dependent upon the individual clinician’s
determination of need according to the clinical picture for each patient. Depression symptom
ratings with MADRS (Montgomery and Asberg, 1979) and mania symptom ratings using
YMRS (Young et al., 1978) were conducted routinely for all patients at the clinic and were
specifically ascertained by nurse and psychologist interview at the time of blood tests, lumbar
puncture, MRI scan and neuropsychological evaluation for study patients. These
examinations were not as a routine performed on the same day for the patients.
Healthy Control Recruitment:
Statistics Sweden (SCB) was asked to invite seven randomly selected persons living in the
greater Stockholm area, age and sex matched, for each enrolled patient who had completed
all parts of the workup, to participate in the study. Interested persons who did not themselves
suffer from schizophrenia or bipolar disorder were asked to contact the study team and
underwent a telephone interview by the study nurse in order to exclude other recurrent
psychiatric problems, drug and alcohol abuse and heredity for bipolar disorder or
schizophrenia. Those meeting inclusion criteria were booked in for a one day comprehensive
assessment. The age matching was not done according to year of birth given the time lapse
between recruitment of the 2 groups rather controls were matched according to the age at
which the patient had undergone MRI examination. Response rate was 14%, matching other
studies of similar nature according to Statistics Sweden. 59 were excluded at telephone
interview mainly due to current illicit drug use (n=16), somatic ill-health (n=12), heredity in
first degree relative of bipolar disorder or schizophrenia (n=9), metal precluding MR (n=9),
ongoing mental health diagnoses (n=6), pregnancy (n=5), or moved out of area (n=2).
Furthermore, 1 subject failed to show up for the day and 14 changed their mind about
participating between the time of the telephone interview and the booked date. One person
had no reason documented for their exclusion. Control subjects underwent a psychiatric
interview for lifetime psychiatric pathology by experienced clinicians using MINI, which
included the affective disorders section, as well as the same investigations the patients had
undertaken including self-rating scales, psychological testing with WAIS-III, d-kefs and
Claesson-Dahl, somatic tests, blood tests at 08-09 am, morning lumbar puncture and MRI of
the brain. Because the psychiatric interview was expected to reveal some past pathology,
case conferences were held between examining clinicians, primary investigator and study
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coordinator to decide whether or not to include such persons in the study. It was thus decided
to allow past minor depressive disorders, isolated mild episodes of panic disorder, eating
disorders or obsessive compulsive disorder which remitted spontaneously or with short term
psychotherapy. Substance abuse was screened for at telephone interview by the nurse, in the
psychiatric interview, by AUDIT and DUDIT as well as by CDT in blood test.
Overconsumption of alcohol as revealed by CDT or responses indicating large consumption
(> 8 standard drinks per time more than 2 times per week), and/or amnesia and/or loss of
control more than once per month resulted in the exclusion of these individuals from the
studies presented here. Other exclusion criteria were neurological conditions other than mild
migraines, untreated endocrinological disorders, pregnancy, dementia, recurrent depressive
disorder, and suspected severe personality disorders (based on interview, SCID2 and SSP
screening) that additionally had heredity for schizophrenia, bipolar disorder or substance use
in more than 3 first or second degree relatives. Remuneration was given to control persons.
3.2 Ethics of Study
Consent to the study was given by patients during a period of euthymia both verbally and in
writing after obtaining written information about the study. Opportunity was given to reflect
over the implications of the study. Participation in the study did not alter in any way the
suggested treatment options or the availability of particular treatments. Baseline
investigations were all carried out during euthymic periods. Importantly treatment was not
withheld during investigation periods. Patients were informed that withdrawal from the study
could occur at any time without disadvantaging them in way of treatment or care provided.
However they were also informed that data obtained prior to withdrawal could be still used in
studies. Controls had had an overview of study information sent to them with the letter from
SCB. They were provided with opportunity to ask questions at the telephone interview as
well as before signing the informed consent on the day of the study. The study was approved
by the Stockholm Regional Ethics Board 2005 and with an addendum 2009 for the inclusion
of healthy controls. The study was conducted in accordance with the latest protocol of the
Helsinki Declaration on research ethics.
3.3 Specific Methodology Studies 1-4
In all studies inclusion criteria for the study was bipolar 1 or 2 diagnosis. Participant numbers
vary between studies 1 to 3 in line with the ongoing further inclusion of research subjects to
the project and due to missing hormonal data, principally early in the history of the project.
In studies 1-3 the design was case-case, in study 4 healthy controls were added to a case-case
design to make 3 groups.
Symptom Considerations:
The ADE uses a binary system of symptom classification of most symptoms commonly
associated with bipolar disorder and detailed symptom definitions are provided in each of the
papers that make up this dissertation. A rating of present utilizes all sources of information
that are available. A copy of the English version of the ADE is available at
http://www.manicdepressive.org/images/blankade.pdf. Psychomotor agitation as opposed to
retardation was chosen as a variable to be studied for paper 3 as it is most commonly recalled
by patients and usually well documented in case notes making the rating possibly more
reliable than that for retardation. Psychotic or non psychotic ratings for paper 4 were based
on a history of hallucinations or delusions. Information on thought disorder and disorganized
behaviour is not recorded in the ADE and could therefore not be determined. This lack would
underestimate the number of persons who had in fact been psychotic. It was decided to
include one female in the psychotic group who had had symptoms only during a drug
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induced psychosis at age 15 and now in her twenties had not yet had psychotic symptoms
during mood episodes. It was argued that because not everyone who takes drugs experiences
psychotic episodes, there is likely to be an underlying biological vulnerability to psychosis in
those that do. It was not possible from the data available to grade the severity or duration of
the psychotic experiences. Patients were deemed to be euthymic at blood test if they scored
<14 on nurse administered MADRS and < 14 on YMRS.
SSP Ratings of Aggression, Irritability, Somatic and Psychic Anxiety:
The SSP is a revised version of the Karolinska scales of personality tested in population as
well as clinical samples. It has 91 items divided into 13 subscales. There are 4 response
alternatives ranging from disagreeing completely to agreeing completely. Each subscale
consists of 7 items rated 1-4 which were added to give subscale scores. As the study was
case-case design and no control subjects were included in studies 1-3 scores were left
untransformed.
D2:D4 Ratio:
Second digit to fourth digit length ratio was calculated for each hand utilising Grüning’s
method: holding fingers at 90º flexion at metacarpal joints measuring posteriorly from end of
bone to tip of second and fourth digit thereafter dividing the D2 length by the D4 length.
Hormone Sampling:
Baseline blood tests were sampled from stable euthymic outpatients and from healthy
controls in 10 ml EDTA tubes between 0800-0900h. Chemoluminescent methods were used
for all hormone analyses. For detailed methodology of analyses see the specific papers.
Bioavailable testosterone was calculated using subjects own albumin, SHBG and total
testosterone according to the validated formula provided by www.issam.ch/freetesuit.html
(Vermeulen et al., 1999). Bioavailable testosterone as opposed to total testosterone or free
testosterone was chosen as reflecting most closely the testosterone that is available for
cellular uptake. All men and women regardless of menstrual phase or contraceptive status
were included for DHEAS determination. All men but only premenopausal women in the
follicular phase of the menstrual cycle and not receiving hormonal contraceptives were
included in the progesterone analyses. In study 3 all men and all women not taking hormonal
medications were included for the testosterone evaluation as was the case for women in study
4 for the analysis of testosterone.
Genetics:
There were no published studies examining polymorphisms in AKR1C4, HSD3B2 and
SRD5A1 with respect to psychiatric or hormonal differences at the point in time when
polymorphisms were to be selected. This meant that SNP’s were selected from NCBI SNP
database that had a European population frequency of 0.10 or above, had r²≤0.8 with each
other and that were spread throughout the gene. They were not tagged with each other. The
population frequency was later checked against the Wellcome Trust consortiums SNP
frequency in European populations with full agreement. Rs6152 was selected as an AR
polymorphism that has been documented to be associated with hyperandrogenism. Genetic
analytic techniques are described in detail in the papers. As a quality control every 10 th
sample was replicated. All men and women regardless of age who had been included in the
St Görans bipolar project by a certain date were included in the genetic analysis. This
however meant that not all of the patients and controls eligible for inclusion in the hormonal
studies presented here had genetic data available. The ethnic origin of all the patients was
caucasian European as ascertained by asking the patient’s ethnic origin 3 generations back.
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Stratification according to parental genotype was not possible due to age span of probands
which restricted the availability of parents.
Statistics:
Basic demographic data were analysed in Statistica Release 8 using student’s t-test, χ2 or
Mann-Whitney statistic as appropriate to the type and distribution of the variable to be
studied. Progesterone and DHEAS were normally distributed in men and in the women
sampled in follicular phase. Bioavailable testosterone was normally distributed in males but
exhibited a log normal distribution in women in paper 3. With the addition of control subjects
the distribution of bioavailable testosterone now best approximated a gamma distribution.
General linear models (ANCOVA using a combination of categorical and continuous
variables) were used to analyse differences in serum progesterone, DHEAS and, in males,
bioavailable testosterone with respect to symptom, or specified alleles with age as a covariate
as pronounced age effects were seen in all the hormones. Confounders were ascertained and
controlled for. In women bioavailable testosterone was analysed using a log normal
generalized model including age and BMI as covariates in paper 3 and according to gamma
distribution in paper 4. Odds ratios and significance testing using χ2 were calculated for the
specified alleles using the UNPHASED 3.1.4 program (Dudbridge, 2003). The HardyWeinberg equilibrium (HWE) was checked for each SNP using PLINK v1.07 (Purcell et al.,
2007). To avoid type II error in these small studies with limited power the decision was made
to adhere to Perneger’s proposal (1998) and account for all tests of significance performed
but do not correct for multiple testing. Perneger argues that when testing specific biological
or syndromal systems the calculations performed are not random events but associated with
each other whereby nesting of symptoms and findings occur. In applying corrections such as
Bonferroni which assumes randomness significant associations are lost. A clinical example
would be testing serum blood sugar and lipids concentrations and assuming that these would
be independent of diabetes.
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4

RESULTS

Table 7: Summary of studies 1-4
Study 1
Research
Is there a difference
question
in progesterone with
prior irritable
mania/hypomania?
Is there a genetic
predisposition?

Study 2
Is there a difference
in DHEAS or
progesterone if
previous persecutory
ideation during
mania/hypomania?
Is there a genetic
predisposition?

Study 3
Is there a difference
in testosterone or
progesterone if one
had had depressive
psychomotor
agitation in bipolar
disorder? Is there a
genetic
predisposition?

Design

Cross-sectional
Case-case

Cross-sectional
Case-case

Cross-sectional
Case-case

Results

Men with past
irritability had lower
progesterone and this
was associated with
the missense
variation in
AKR1C4; no
relationship with
trait irritability or
comorbid anxiety
disorders

Men exhibited low
progesterone and
DHEAS. Risk alleles
for irritability in men
were protective of
risk to develop
paranoid ideation in
women. One minor
allele in HSD3B2
increased risk of
paranoia in men. No
relationships with
trait suspiciousness.

In men who had
been irritable during
mania, depressive
agitation increased
progesterone
relative to irritable
only. Both sexes –
polymorphisms in
SRD5A1 increased
risk for agitation.
No relationships
with trait anxiety.

Conclusion

Differences in
neurosteroid
synthesis may
predispose men to
developing irritable
type mania, there
may be genetic
vulnerability

Risk alleles for men
appear protective in
women. Low
DHEAS and
progesterone may
predispose men to
both irritability and
to persecutory
ideation in mania

Unlike the previous
symptoms of mixed
mania where sex
differences were
noted in
neurosteroid
genetics, both sexes
exhibited
vulnerability to
depressive phase
agitation
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Study 4
In women, is there a
difference in
bioavailable
testosterone if one
has bipolar disorder
or a psychotic form
of it? Is there an
effect of genetic
predisposition or of
foetal testosterone?
Are there treatment
effects?
Cross-sectional
Case-case and casecontrol, women
A allele rs6152 AR
doubled risk of
psychosis.
Masculinised
D2:D4 ratio in
early psychosis
debut regardless of
debut age of bipolar
disorder. No
contribution of
psychosis on
bioavailable
testosterone when
controlling for
effect of
neuroleptics, age
and BMI. A but not
G allele associated
with lower SHBG
only in presence of
neuroleptics.
Indices of early
androgenisation and
hyperandrogenism
associated with
psychosis; current
testosterone
increased as a result
of neuroleptics but
only in those with
polymorphism in
AR

4.1

Study 1

The study examined serum progesterone and polymorphisms in the 3 genes coding for the
regulatory enzymes in progesterone metabolism as a function of whether or not 71 males and
107 females with a bipolar 1 or 2 disorder had only had irritable mood in their manic or
hypomanic episodes.
The main finding was that men who had exhibited irritable mood as opposed to euphoric
mood had substantially lower serum progesterone (Figure 6).

Figure 6: Euthymic serum progesterone
concentration in males as a function of past
irritability during mood elevation when age
controlled for. F=7.05, p=0.0099. Vertical bars
denote 95% confidence interval

Additionally, although group size
was a limiting factor, there was a
five-fold increased risk in malesonly
of having been irritable if one had
variant alleles in AKR1C4 (Table 8).
The small group size of non irritable
males having the variant alleles
means a high degree of uncertainty
in the odds ratios as reflected by the
borderline significant p-values. A
significant difference in progesterone
concentrations could also be noted in
those males with the missense
mutation in AKR1C4 (Figure 7).
Significantly, whilst irritable mood
during mood elevation was strongly
associated with trait irritability on the
SSP in males (19 versus 14, p=0.004)
there was no significant association

Table 8: Odds Ratio of Having Experienced Manic or Hypomanic Irritability in Relation to Single
Nucleotide Polymorphisms
Females
Males
Allele
Gene
SNP
Allele e
d
Odds ratio
Odds ratio (95%
frequency
χ²
χ²
(95% CI)
CI)
rs17306779
0.27 / 0.25
A/G
0.18
0.85 (0.42-1.72)
6.52 *
5.06 (1.07-23.86)
AKR1C4 ª rs3829125
0.16 / 0.19
C/G
0.01
1.03 (0.47-2.28)
4.03 †
5.44 (0.66-44.8)
rs10904440
0.13 / 0.09
A/G
0.68
0.65 (0.22-1.89)
4.55 #
5.87 (0.73-47.06)
rs12762017
0.10 / 0.15
G/C
0.08
0.87 (0.37-2.02)
0.04
1.13 (0.4-3.18)
0.14 / 0.08
G/A
0.93
0.54 (0.14-2.08)
1.26
0.44 (0.09-2.15)
b rs4659174
HSD3B2
rs2854964
0.32 / 0.27
A/T
2.42
0.58 (0.29-1.18)
0.03
1.07 (0.48-2.36)
rs3765948
0.14 / 0.08
A/G
1.06
0.52 (0.13-2.00)
0.88
0.49 (0.1-2.43)
rs8192139
0.48 / 0.40
C/G
0.40
0.81 (0.43-1.52)
0.10
0.87 (0.41-1.86)
0.45 / 0.49
A/G
0.12
0.90 (0.46-1.74)
0.08
1.12 (0.54-2.3)
c rs181807
SRD5A1
0.44 / 0.36
rs3822430
T/C
0.55
0.79 (0.40-1.56)
0.22
0.81 (0.32-2.01)
‡
rs3736316
0.30 / 0.35
G/A
0.39
1.23 (0.62-2.44)
0.02
1.06 (0.42-2.64)
b
SNP Single nucleotide polymorphism
ª Aldoketoreductase, type 4
3β-hydroxysteroid dehydrogenase
c
d
steroid 5α reductase
European population frequency (Hap map published on NCBI SNP database)
followed by allele frequency in sample e Major allele followed by minor allele
* p = 0.01
# p = 0.03
† p = 0.04
‡ p = 0.05
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Figure 7: Serum progesterone
concentrations controlled for age in
euthymic males with bipolar 1 or 2 disorder
according to amino acid at position 145 in
AKR1C4 gene. Covariate age 42.2 years.
Vertical bars denote 0.95 confidence
intervals. *p = 0.014

between trait irritability and progesterone concentrations suggesting that the effect is coupled
to some aspect of bipolarity rather than personality.
4.2 Study 2
The study examined serum progesterone and DHEAS along with polymorphisms in the 3
genes coding for the regulatory enzymes in progesterone metabolism and DHEAS synthesis
as a function of whether or not 64 males and 96 females with a bipolar 1 or 2 disorder had
exhibited persecutory ideation during mood elevation.
The main findings showed once again
large gender differences. Firstly,
hormone concentrations differed only
in males where both DHEAS and
progesterone were lower in those with
a history of persecutory ideation
(Figures 8&9). These findings had
approximately 85% power.
Figure 8: Serum DHEAS concentrations in
males as a function of past manic or
hypomanic persecutory ideation adjusted for
age (41.0years). Whole model adj R2 =0.29,
F=7.30, p=0.006.

Figure 9: Serum progesterone in males as a
function of past manic or hypomanic
persecutory ideation adjusted for age (41.1
years). Whole model adj R2=0.31,
F =7.18, p=0.009.
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Secondly the polymorphisms that in Study 1 had been associated with greater risk of irritable
mania/hypomania in men were in women now protective of the risk of having shown
persecutory ideation (Table 9). In fact the risk was reduced to 0.2, or in other words one fifth
of the risk compared with the risk in those with the major alleles. The hormone differences in
males appeared to come from sources other than the studied polymorphisms given the lack of
associations found between the SNP’s and the hormone concentrations. Yet there is a
clustering of persecutory ideation with irritability which would partially account for the
hormone findings (see section 4.5).
Table 9: Odds Ratio of Having Experienced Paranoid Ideation During Mania or Hypomania in Relation to
Single Nucleotide Polymorphisms
Allele frequency d
Females
Males
Gene
SNP
Allele e
Odds ratio
Odds ratio
MM
Mm
mm
χ²
χ²
(95% CI)f
(95% CI) f
AKR1C4 ª rs17306779 93
55
9
A/G
3.59 *
0.51 (0.26-0.99)
0.55
1.4 (0.56-3.68)
rs3829125
109
43
3
C/G
5.59 #
0.37 (0.15-0.94)
0.71
1.67 (0.52-5.35)
rs10904440 123
28
2
A/G
0.22
0.78 (0.26-2.30)
0.01
0.93 (0.28-3.08)
rs12762017 116
38
2
G/C
5.18 #
0.39 (0.18-0.87)
2.75 ‡ 3.12 (0.68-14.3)
HSD3B2 b rs4659174
128
25
1
G/A
2.77 ‡
2.70 (0.72-10.39)
3.97 † 0.31 (0.10-0.96)
rs2854964
79
65
11
A/T
2.57 ‡
1.71 (0.86-3.38)
0.76
0.68 (0.29-1.60)
rs3765948
130
24
1
A/G
2.66 ‡
2.69 (0.71-10.19)
2.69 ‡ 0.36 (0.11-1.18)
SRD5A1 c rs8192139
62
66
27
C/G
<0.01
0.99 (0.56-1.75)
0.02
0.94 (0.43-2.07)
rs181807
39
81
37
A/G
0.07
1.08 (0.55-2.12)
0.14
1.16 (0.53-2.52)
rs3822430
67
67
15
T/C
0.64
1.15 (0.62-2.12)
0.004 1.03 (0.42-2.50)
rs3736316
66
64
18
G/A
0.08
0.91 (0.49-1.66)
0.12
1.16 (0.50-2.72)
ª Aldoketoreductase, type 4, b 3β-hydroxysteroid dehydrogenase, c steroid 5α reductase, d Allele frequency in whole
sample in absolute numbers, e Major allele followed by minor allele, highlighted alleles protective, f Odds ratio
calculated for protective allele not for genotype
* p = 0.06
# p = 0.02
† p = 0.05
‡ trend p = 0.09-0.10

4.3

Study 3

The study examined serum progesterone and bioavailable testosterone along with polymorphisms in the 3 genes coding for the regulatory enzymes in progesterone metabolism as a
function of whether or not 69 males and 105 females with a bipolar 1 or 2 disorder had
exhibited psychomotor agitation during depression.
The findings suggested that there was no sex divergence regarding the susceptibility to
depressive psychomotor agitation and unlike the 2 previous studies, this was also reflected in
that both sexes exhibited higher risk of agitation with gene variants in SRD5A1 (Table 10).
There was a sex difference with regard
to the effect of having been agitated on
serum progesterone. Examining only the
group who had shown manic irritability
then those only showing irritability had
lower progesterone than those with both
symptoms (Figure 10).
Figure 10: Serum progesterone concentration in
males with history of manic irritability as a
function of past depressive psychomotor
agitation Covariate - age 41.5 years. p=0.047.
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Table 11: Odds Ratio of Having Experienced Depressive Psychomotor Agitation in Relation to Single
Nucleotide Polymorphisms
Gene
SNP
Genotype d
Minor
Allele f Males and females
Allele
m
Odds ratio (95%
MM
Mm
χ²
Frequency e
m
CI)
AKR1C4 ª rs17306779
105
56
9
0.23 / 0.25
A/G
0.62
0.76 (0.39-1.50)
rs3829125
123
44
3
0.15 / 0.19
C/G
0.24
0.83 (0.39-1.74)
rs10904440
134
31
2
0.10 / 0.09
A/G
0.39
0.75 (0.29-1.95)
rs12762017
123
42
3
0.13 / 0.15
G/C
0.97
0.78 (0.17-3.60)
HSD3B2 b rs4659174
139
27
1
0.09 / 0.08
G/A
0.01
1.05 (0.44-2.49)
rs2854964
87
72
11
0.33 / 0.27
A/T
0.68
1.27 (0.71-2.30)
rs3765948
142
26
1
0.11 / 0.08
A/G
<0.01
0.99 (0.41-2.35)
SRD5A1 c rs8192139
60
54
21
non agitated
agitated
8
19
8
0.43 / 0.40
C/G
5.10 *
1.84 (1.07-3.16)
rs181807
non agitated
agitated

40

66

30

4

21

10

rs3822430
non agitated
agitated

66

54

12

9

18

6

0.47 / 0.49

A/G

3.28 #

1.63

(0.90-2.94)

0.38 / 0.36
T/C
5.95 ** 2.00 (1.13-3.52)
rs3736316
64
54
13
non agitated
agitated
9
18
6
0.30 / 0.38†
G/A
5.50 *
1.94 (1.12-3.35)
a
b
aldoketoreductase type 1, 4th isoform gene, 3β-hydroxysteroid dehydrogenase gene c Steroid-5-alphareductase,
d
genotype in absolute patient numbers e European population minor allele frequency according to Welcome
Trust Case Control Consortium data followed by minor allele frequency in sample † minor allele frequency
according to European HapMap database as SNP cannot be imputed from WTCCC, f Major allele followed by
minor allele, risk allele is minor allele in all cases
**p=0.015
* p=0.02
#p=0.07

Because of insufficient numbers of individuals who had had persecutory ideation but been
euphoric it was not possible to separately examine progesterone differences in that group
using linear models.
Clustering of symptoms in patient sample St. Göran Bipolar Project (studies 13)
In view of earlier studies’ findings of a separate irritability factor clustering sometimes with
persecutory ideation, a breakdown of the symptoms considered in the first three papers was
carried out. This showed strong associations in the patient group between both manic or
hypomanic irritability and persecutory ideation during mania/hypomania as well as between
manic/hypomanic irritability and depressive phase psychomotor agitation as well as overlap
between all three symptoms (see Figure 11). The clustering of depressive agitation with
manic phase irritability as opposed to depressive phase irritability has not been identified in
factor analytical studies which have all focussed solely on either depression or mania not
combined both sets of data. The low numbers of persons exhibiting all three symptoms
unfortunately precluded the investigation of hormones and genetics in this particular group.

57

Figure 11: Symptom clustering in sample: Women in the left diagram, men in the right

4.4

Study 4

The study examined bioavailable testosterone along with a polymorphism in the androgen
receptor gene known to be associated with hyperandrogenism in 68 women with a history of
psychosis (defined as a history of hallucinations or delusions), 69 without such a history and
45 control women. Additionally a measure of foetal androgen exposure (D2:D4 finger length
ratio) was analysed.
Due to there not being fully overlapping groups and the fact that only women who were not
taking hormonal medications could be used for hormonal analysis, group sizes differ for the
various parts of the study. The main findings were that the variant A allele rs6152 of the
androgen receptor doubled the risk for having had psychotic symptoms of delusions and
hallucinations (Table 12). An androgenised milieu as reflected in low D2:D4 ratio was
associated with younger debut of psychotic symptoms (Figure 12) but not psychotic
symptoms per se. Interestingly, the androgenising polymorphism was not associated with
low D2:D4 ratio. A history of psychosis was not independently associated with bioavailable
testosterone when adjusting for age, BMI and neuroleptics. Neuroleptics increased
bioavailable testosterone, but only in those with the major G allele rs6152 (Figure 13). The
explanation of this was not an increase in total testosterone but a reduction in SHBG
concentrations (Figure 14).
Table 12: Allele Distribution rs6152 of Androgen Receptor Gene, Odds Ratio of Psychotic
Symptoms if A Allele
Allele distribution
A vs G allele
Odds ratio and
χ2, p value
95% Confidence interval
AA
GA
GG
Psychotic bipolar

1

20

41

Nonpsychotic bipolar

0

10

50

Healthy controls
1
3
a
Psychotic versus non psychotic patients,

a

χ2=5.36, =0.02,

2.56 (1.08-6.05)

b 2
χ =4.67, p=0.03
2.34 (1.07-5.12)
14
b
Psychotic versus all nonpsychotic
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Figure 12: Age of psychosis onset in
relation to left hand D2:D4 ratio. Male
patterned ratio (<0.95) associated with
early onset, r=0.45, p=0.0003

Figure 13: Interaction effects of rs6152 alleles
with neuroleptic medication on bioavailable
testosterone concentration in women. Overall
Wald X²(1)=3.99, p=0.046. Dark grey bar to
left non neuroleptic users, light grey bar to
right neuroleptic users. Spread of bars
showing standard errors when adjusted for age
and BMI. Difference between bioavailable
testosterone
concentration
when
only
examining GG rs6152 - Wald statistic=15.97,
p=0.00006.

Figure 14: Interaction effects of rs6152
alleles with neuroleptic medication on
SHBG Wald X²(1)=6.40, p=0.011. Dark
grey bar to left non neuroleptic users,
Light grey bar to right neuroleptic users.
Spread of bars showing standard errors
when adjusted for age and BMI.

Supplementary graph (Figure 15) shows dosing effects of neuroleptics regardless of type
on bioavailable testosterone (based on women not taking hormonal medications and not
taking into consideration androgen receptor polymorphism).
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Figure 15: Effect of dose of neuroleptics
regardless of type in all women
controlling for age and BMI. F=9.38,
p=0.009, n=22 with neuroleptics, n=91
no neuroleptics

Comorbidity:
The comorbity of patients is described in Table 12. Seventy-six women had no lifetime
history of anxiety disorders, 31 had one anxiety disorder and 26 had 2 or more anxiety
disorders most commonly panic disorder with agoraphobia or social phobia. Fifty-four males
had no anxiety disorder, 14 had one disorder, and 14 had 2 or more anxiety disorders. Fortynine percent of men and 26% of women had a history of alcohol abuse or dependence.
Interestingly, current self-reported abuse or dependence was reported by less than 10% in
both sexes whereas current drug use especially of amphetamine and cocaine was more
common in women than alcohol use. The cut-offs used for determining current abuse was 1319 points in AUDIT for women and 15-19 in men. Likelihood of alcohol dependence was set
at a score of >20. For DUDIT scores >3 for women and >6 were used for men to determine
abuse, dependence being set at >25points. Significantly there was no association between
progesterone and DHEAS with comorbid anxiety disorders in men.
Table 12: Lifetime Co-morbidity in Bipolar 1 and 2 Disorder
Diagnosis
Males (% in brackets)
Females (% in brackets)
Panic Disorder
18/82 (22.0)
50/138 (36.2)
Agoraphobia
6/82 (7.3)
13/138 (9.4)
Social Phobia
15/82 (18.3)
16/138 (11.6)
OCD a
9/82 (11.0)
17/138 (12.4)
GAD b
6/82 (7.3)
23/137 (16.7)
PTSD c
3/82 (3.6)
7/137 (5.1)
Anorexia Nervosa
0
16/137 (11.8)
Bulimia
1/82 (1.2)
20/136 (14.7)
d
PMDD
0
44/137 (32)
MINI – alcohol abuse
13/57 (22.0)
21/105 (20)
MINI – alcohol dependence
15/57 (26.3)
7/106 (6.6)
MINI – drug abuse
12/56 (21.4)
11/102 (10.8)
AUDIT – alcohol abuse
3/57 (5.3)
6/106 (5.7)
AUDIT - alcohol dependence
1/57 (1.7)
3/106 (2.8)
DUDIT – drug abuse
3/54 (5.5)
13/105 (12.4)
DUDIT – drug dependence
1/54 (1.8)
2/105 (1.9)
a
Obsessive compulsive disorder b Generalized anxiety disorder c Post traumatic stress
disorder d Premenstrual dysphoric disorder
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5

DISCUSSION AND IMPLICATIONS FOR FUTURE RESEARCH

5.1

Studies 1-3

The first three studies examine symptoms associated with mixed affective states in bipolar
disorder and their potential pathophysiological correlates with the neurosteroid system.
Rather than attempting to find associations to the phenotypically diverse bipolar disorder
syndrome focus is on teasing out potentially more significant phenotypes for further study by
using a case-case method. In such a design one cannot make statements about what is
common to all bipolar patients rather the approach enhances the possibility of finding
differences between phenotypes. This is the necessary step before one can attempt to reverse
phenotype (Schulze and McMahon, 2004). Reverse phenotyping is the process by which you
use the discovered link between symptom and genes to then go back into the patient
descriptions and examine each genotype (as opposed to diagnostic category) for symptoms
frequency, clustering etc. One can thereby find new “symptom factors” or biomarkers
associated with a purer phenotype which may very well cut across the diagnostic boundaries
of systems such as the DSM. The need to do this is highlighted by the problems in finding
consistent and universal pathophysiological correlates of the major diagnostic categories over
the past 40 years.
As previously alluded to in the introduction mixed affective states have a strong background
in the Kraepelinian axial system (Kraepelin, 1921) and have in modern times been
recognized as constituting a more difficult to treat group which are made worse by
antidepressants and respond differently to lithium and valproate (Koukopoulos et al., 2007).
Yet epidemiological studies have shown that the symptoms seldom occur all at once as a
syndrome rather it is most common with 1 symptom, second most common with 2, and so on
(Maj et al., 2003). This prompted the DSM-5 committee to advise dropping mixed episode as
an episode specifier and the classification will now include a course specifier of “mixed
features”. In part these latter arguments agree with the symptom clustering pattern of the
patients in these studies. Yet the interesting part is that disturbances in DHEAS and
progesterone were found in men in all three symptoms examined - manic irritability and
manic persecutory ideation both showing reductions and depressive agitation showing the
reverse. This, combined with the albeit less clear-cut genetic data of increased risk of these
symptoms when having variant polymorphisms in the genes coding for the steroidogenic
enzymes, would suggest that there is a pathophysiological basis for regarding these as
joined. Given that the gene frequencies were the same in our sample as a whole it appears
unlikely that the genetic variants are involved in conferring risk to developing bipolar
disorder per se, rather involved with the phenotype that is expressed.
Previous factor analytic studies of bipolar disorder in attempting to delineate phenotypes
have failed to take into consideration the possibility that symptoms during one phase of
illness may cluster more strongly with particular symptoms during the other phase than with
other symptoms during the first mood state. The strong association of depressive
psychomotor agitation with irritability during mania and not to depressive phase irritability in
the bipolar patients here studied suggests the need for factor analytic studies that consider all
symptoms during all phases of illness. Additionally there may be factors during euthymia
such as persistent subsyndromal depression or cognitive deficits which may also cluster with
particular symptoms. These are aspects that have not been taken into consideration in factor
analytic studies or in the studies here reported. This approach may in fact yield a stronger
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phenotype and may bear out the concept of Kraepelin’s three axes or a third group of
psychoses along the lines of Leonhard.
In these studies the differences that were found in hormone concentrations for men was
surprisingly robust, average power being 80-90%. One has previously assumed that as
women tolerate large swings in progesterone during the luteal phase males cannot be affected
by variations from a low baseline, comparable to follicular phase concentrations in women.
Yet research shows a much greater sensitivity in males to progesterone on for example EEG
power (Fernandez-Guasti et al., 2003) making it likely that other control mechanisms operate
in men than women. What these are have not yet been elucidated.
The finding that the same polymorphisms appeared to affect hormone levels differently in
men and women and that at least AKR1C4 polymorphisms were risk alleles in men but
protective of other symptoms in women highlight the necessity of analysing men and women
separately when studying sex steroids and genetics. It means that extrapolation of results
cannot be done between sexes. It also raises the possibility that some gene variants may be
evolutionarily advantageous (for example by making women less suspicious) but that the
price for this may be less advantageous in men.
The hormone findings in men with regards to persecutory ideation during mania could not be
explained by the polymorphisms affected. Some of the variation may have been due to the
AKR1C4 polymorphisms as irritability and paranoia overlapped yet there may be other
mechanisms for the differences in concentration. Ideally one should have liked to have
analysed the other metabolites in the pathways leading from progesterone to allopregnanolone and from pregnenolone to DHEAS. As serum is biobanked it is hoped that at least a
subset of patients can be more fully characterized which can then shed light on which
metabolites show build-up and which are lower. Utilizing this approach one can get some
idea of the extent of enzyme activity. Combining this with gene expression studies (these
enzymes are expressed in fat tissue as well as skin) and determination of gene
polymorphisms one may get a much better idea of the functioning of the neurosteroid system.
The findings of differences in serum hormone concentrations during the euthymic phases of
bipolar disorder show that there may be underlying differences in the steroidogenic system
that may predispose to less capacity for internal soothing and reasoning when stressed. It has
recently been shown that serum progesterone concentrations correlated positively to fMRI
activation in OFC when processing pictures of both positive and negative facial images
(Champagne, 2011) but only in men. Clinically it is common to find that patients with
irritable subtype mania experience no subjective shift in mood, experiencing rather that
people annoy them more and that they are being thwarted by others, experiences and feeling
states that serve to further isolate them from others and to increase the irritability and the
persecutory ideation. This becomes then a difficult positive feedback cycle. In order to break
this cycle “soothing” influences need to come to bear on the system. If one recalls the work
in rats where rearing in isolation generated differences in the neurosteroid system
(specifically that of the DHEAS and allopregnanolone interactions with 1 receptor
systems), as well as the differential role of antidepressants dependent upon rearing
environment coupled to this system then one can begin to hypothesise about the interaction
between early environmental influences and this particular phenotype. As in the recently
reanalysed and expanded study where the effects of the serotonin transporter gene
polymorphisms were magnified by childhood maltreatment in greatly increasing the risk for
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recurrent depression (Uher et al., 2011), the neurosteroid system may exhibit similar
properties which need to be addressed in future research.
The choice of studying hormone concentrations during euthymia does not address phase
specific differences that are secondary to other mechanisms of which there are numerous
possibilities given links between for example growth factors, oxidative stress and DHEAS
and progesterone. However, it was thought that studying euthymic individuals would yield
results of biological vulnerability having an etiological significance to the symptom under
scrutiny. It would however be enlightening to see how the phase of illness affects these
hormones and to correlate them with measures of oxidative stress or growth factors such as
cytokines and BDNF which are phase responsive (Brietzke et al., 2009; Fernandes et al.,
2011).
As all clinicians know, a person’s personality colours the manifestation of the psychiatric
disorder, and it was thus no surprise that the traits of irritability or mistrust correlated with
the symptoms studied. However these traits were not the route by which steroidogenic
differences were mediated. This is interesting as it seems to indicate the presence of separate
pathways to particular symptoms which may reinforce each other.
In order to test whether the associations between sex steroids and symptoms are relevant to
bipolar disorder per se or are associated with these symptoms in isolation it would be helpful
to examine the same symptom complexes in other disorders (eg) persecutory ideation versus
delusions of other types in schizophrenia, irritability and aggression proneness in
schizophrenia, irritability and psychomotor agitation or retardation in unipolar depression. If
associations are found then this may highlight a functional system that is separate from
current nosological categories, much as the G72 data has heralded a return to the neuroticism
concept.
5.2

Study 4

The fourth study examined psychotic and nonpsychotic bipolar women as well as healthy
control women. In this study it was found that there was no difference in current testosterone
regulation in healthy controls compared with non psychotic bipolar women. The difficulty in
previous studies looking at testosterone in psychosis has been the confounding effect of
medications in women. In males, small studies done prior to the initiation of medications,
have shown an oft repeated finding of low free or bioavailable testosterone. This is as far as
the author knows the first time it has been possible to study women not currently psychotic
and to study the separate effects of psychosis and antipsychotic medications albeit in small
numbers of women on testosterone. The doses women were taking were not large compared
with those many women take when being treated for schizophrenia but despite this, dramatic
testosterone raising effects were seen but really only in a subset of women with a particular
androgen receptor polymorphism. In an era where personalized medicine is a goal this is a
highly significant interaction which if repeated in larger samples can potentially save many
women from severe and problematic side-effects. This is especially so when neuroleptics are
gaining ground in a variety of conditions outside of traditional treatment indications and it
was specifically those women NOT prone to psychosis by their polymorphism which had the
greatest medication induced changes in SHBG. It would thus be of utmost importance to
examine the same polymorphism in schizophrenic, depressed and anxious women along with
testosterone, SHBG and metabolic indices such as insulin and lipids to see if the relationship
holds true in other populations.
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Whilst it is still not certain exactly what produces sexually dimorphic patterns in digit length
one can still observe that digit length ratios traditionally thought of as masculine (<0.95) was
associated with early onset psychosis in this group of bipolar women. Likewise a distinct
feminine pattern (>0.98) was associated with late debut of psychotic symptoms. Perhaps this
is not surprising given that testosterone has a role during foetal development in cerebral
lateralization via for example the corpus callosum, important in inter-hemispheric
communication and thus for interpretation of both received and internal stimuli. One could
hypothesise that the women with a masculinised D2:D4 ratio would have altered brain
asymmetry than women at the other extreme, a question that could be answered with the use
of structural MRI. It would also be interesting to note whether these women have more
severe psychotic symptoms or whether the ratio relates to other symptoms of psychosis such
as disorganization given that delusions and hallucinations may reflect a separate
pathophysiological process occurring more fronto-temporally. Thus even though it could not
be established that there was a link between psychosis per se and the masculinised ratio it
does not rule out there being one given that a comprehensive symptom characterisation of
psychosis was lacking in the ADE.
In line with testosterone’s role in neurodevelopment the polymorphism in the androgen
receptor may reflect a greater degree of androgenisation in early development and thus
altered lateralization (potentially greater given the extra androgenisation) which may herald
increased risk for psychosis development. One published study to date has examined female
and male volume differences with respect to cerebral asymmetry in bipolar disorder and did
indeed find increased brain asymmetry in female patients compared with controls (Mackay et
al., 2010). These findings contrast with those in males where asymmetry was blunted much
as is found in males with schizophrenia, but less severe (Bilder et al., 1999).
5.3

Methodological Considerations:

Subject Selection:
The bipolar patients were recruited predominantly during the years 2005 to 2007 and efforts
were made to include both new and existing patients, in other words even well known
patients were interviewed according to the above protocol. This means that the patient group
is largely representative of those patients attending this specialist outpatient clinic. Also,
despite the clinic also serving migrant rich areas at the inception of the study, very few
persons of non-northern European background attended the clinic and were thus underrepresented in the study. This limits in one sense the generalisability of the results but being
advantageous for the genetics part of the study. The inclusion of all patients and not just new
referrals meant a large age range of patients. The advantage of this approach is that one can
examine longitudinal factors such as for example the number of manic episodes in
combination with age on various parameters, but the disadvantage is that it for example
prevented identification of parents for the genetics studies, where the inclusion of parental
genetic data would enhance the results in a study as small as this. It also precludes the
possibility of long-term follow up in the whole cohort, given that the ambition is to have
follow-up periods of up to 20years.
The recruitment of control subjects was randomized yet one cannot extrapolate to say that
that those who contacted the study team were fully representative of those who were
randomly selected. 30 of the 114 controls described alcohol abuse or dependence in at least 1
first or second degree relative. Some of these controls were subsequently excluded due to
their own alcohol history. Yet having a large number of control persons with a familial
history of alcohol abuse may in fact be advantageous in teasing out the effects of bipolarity
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from substance use disorders when a number of bipolar patients also have comorbid
substance use disorders.
Symptom Characterization:
The comprehensive collection of information from multiple sources (patient interview, chart
review, and collateral information) ensures good characterization of the sample and reduces
the risk of false negatives with regard to symptoms. Rated symptoms were binary in nature
with definitions provided of what each symptom referred to. However the absence of a
borderline or possible criterion makes it difficult to know if clinicians consistently rated up or
down on symptom ratings. Additionally, the lack of structured questions for many items in the
ADE make the characterization of symptoms all the more dependent upon clinician
experience in rating especially subjective phenomena.
Prior to study start, and during the course of the study, seminars were held at which a
researcher familiar with the ADE through the STEP-BD study (ML) instructed and discussed
the ADE ratings with the clinicians. Inter-rater reliability of symptom ratings was not deemed
feasible in this clinic based study where more than 20 clinicians were involved over time in
enrolling patients and interviewing them.
The rating dilemma affected the choice of symptom in paper 3. Depressive psychomotor
agitation rather than retardation was chosen as the symptom to examine because agitation is
more reliably documented in patient charts than retardation (personal observation). In my
experience, retardation is commonly regarded by Swedish clinicians to not only include the
observable motor and mental slowing including speech latency that the question refers to but
also to speech latency observed in other conditions. This includes hesitancy in answering
during an interview, as well as latency in answering due to chaotic thoughts rather than to the
absence of or slowed thoughts that occur with psychomotor retardation in major depression.
Furthermore, delays in answering and seeming slowing are encountered in dissociative states.
The phenomenal understanding is important in teasing out the biological systems involved in
their manifestation.
Another area where problems were encountered was in the rating of the concept of psychosis.
Even though “psychosis” is rated as regards to diagnostic group in the ADE the protocol
makes it impossible to rate individual psychotic symptoms as other than mood related. This
meant for example, that clinicians occasionally rated these symptoms as delusions and
hallucinations during mania which meant that for example some had been rated as having
manic delusions with a bipolar 2 disorder. Furthermore, the lack of rating of thought
disorder, bizarreness of delusions and disorganized behaviour as symptom ratings in the
ADE results in underestimates of the number of patients deemed psychotic. Additionally,
there was sometimes a discrepancy between psychosis ratings and symptom ratings so that
ratings stated they had had delusions and or hallucinations but were not rated as psychotic
overall. A quality assurance project was thus carried out utilising chart review and, in
discussion with co-investigators, the documentation was corrected. It is the corrected data
that are used for the analyses in paper 4. The above confusion illustrates the problems
inherent in the ADE with respect to psychosis as well as illustrating the problems that ensue
when trying to rate phenomenon that are not always retrospectively easy to interpret with
regard to mood episode timing and the clinicians wish to specify symptoms where no
provision has been made for it. It highlights the need for careful analysis of rating
instruments and problem solving at early stages when confusion in ratings appear as well as
fine tuning of rating instruments to correct problems. One way of enhancing inter-rater
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reliability of threshold scoring of symptoms is having training interviews showing patients
with difficult to rate symptomatology.
Missing Data:
Whilst the ambition was as always to have complete data, the reality was that missing data
occurred. This was what enhanced patient participation rates as they did not have do
complete all components of the study. A core group of ca 130 patients had complete data
(including MR, lumbar puncture, neuropsychological testing) and even here there were
variables missing from the ADE for example. Genetic testing was carried out at a particular
time point and this meant that not all patients with hormonal data had genetic data and
likewise a smaller number of patients had incomplete hormones or hormone data that could
not be used because of contraceptive use, or being in luteal phase at sampling point. This,
and continued enrolment over time, means that numbers differ between the studies presented
here. Statistically this was handled in the first three studies to those with genetic data and
then using complete case analysis whereby subjects missing data from at least one variable
are excluded in the analysis, a strategy used in 88% of molecular epidemiological studies
with missing data (Desai et al., 2011b). There are of course methods for handling missing
data, such as multiple imputation of means (Desai et al., 2011a) yet this works best if data are
missing at random and in the St Göran bipolar project it is unclear if the patients enrolled at
the beginning and later stages really do reflect each other, given the non randomness in for
example bipolar 1 and 2 diagnoses across the study period. The decision to exclude patients
on the basis of missing data does however mean reduced power in the findings. Given that
serum and DNA are biobanked it will be possible to correct this problem later, replicating the
study in a much larger cohort given that recruitment to the study is ongoing.
D2:D4 Ratio:
The advantage of using Grüning’s method of measuring D2:D4 is that it is robust relying on
bone measurements rather than creases which can alter with time in the individual. An added
reliability factor is that all the measurements have all been carried out by the same nurse
ensuring comparability between measurements. The disadvantage is that very few modern
studies have used this measure making our results less directly comparable with them.
Statistical Consideration:
Given the nature of the St. Göran study as a multiarmed and multifaceted study it was not
possible to calculate power for each individual study question. Additionally the anticipated
differences in hormone concentrations were not known given the lack of previous research in
bipolar patients. It is clear that genetic data cannot be adequately powered for in such a small
sample if one is to use multiple permutations or correction for the number of tests performed.
Whilst a type 1 error cannot be ruled out in such small studies of genetic vulnerability, given
the dearth of studies in this field and that the studies are more hypothesis generating than
hypothesis testing, it was decided to not correct for multiple testing as this risked creating a
type 2 statistical error.
Whilst other hormones are normally distributed in the population free testosterone,
bioavailable testosterone and total testosterone have been found to follow a log normal
distribution in 161 healthy premenopausal women (Braunstein et al., 2011). It is not known
whether it is the addition of postmenopausal women which shifts the distribution to a gamma
distribution (which is an extension of a chi square distribution) or whether it is the addition of
controls which further skews the distribution.
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CONCLUSION

The literature shows that neuroactive steroids as well as those classed as neurosteroids by
being able to be manufactured in the brain have wide ranging effects in neurodevelopment, in
neuroprotection and synaptic sprouting as well as in maintaining balance in the glutamatergic
and GABAergic neurotransmitter systems. One can regard them as having tuning roles in
maintaining optimal brain functioning.
In the studies presented here it has been shown that euthymic serum concentrations of
DHEAS and progesterone are lesser if there has been irritability and paranoia during mood
elevation in men only and that men with a history of irritability in mood elevation who had
depressive psychomotor agitation showed a higher progesterone than those who had only
been irritable. Sex differences have thus been shown, emphasising that extrapolation of data
between sexes cannot be done in this field. Furthermore it is suggested that gene variants of
those genes coding for steroidogenic enzymes may not only affect hormone concentrations
but also contribute to the symptomatology of symptoms regarded as occurring within the
mixed spectrum of bipolar disorder.
A polymorphism in the androgen receptor was also linked to testosterone differences in
women taking neuroleptics, a finding which has major health implications for women
prescribed these substances. The role of testosterone in early neurodevelopment is further
emphasised by the correlation between D2:D4 finger length in women and age of onset of
psychotic symptoms in bipolar disorder, as well as by the elevated risk of developing
psychosis (as defined by delusions and hallucinations) in bipolar disorder if one hade the
variant A allele rs6152, elsewhere established to be associated with clinical
hyperandrogenism.
As the studies are small one can not exclude a type 1 error with respect to genetics findings
which need to be reproduced in larger studies as well as reverse phenotyped.
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