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Women’s mental health 1

Oestrogens, prolactin, hypothalamic-pituitary-gonadal axis, 
and schizophrenic psychoses
Anita Riecher-Rössler

Interest is growing in the potential eff ect of gonadal hormones, prolactin, and the hypothalamic–pituitary–gonadal 
axis in schizophrenic psychoses. Many studies from clinical, epidemiological, and fundamental research have 
confi rmed that oestradiol, the main component of oestrogens, can have protective eff ects in schizophrenic 
psychoses. Furthermore, many patients with schizophrenic psychoses—even in the untreated prodromal stages—
have hyperprolactinaemia and gonadal dysfunction, with oestrogen defi ciency in women and testosterone defi ciency 
in men. The understanding of the pathogenetic mechanisms underlying these fi ndings could contribute to a better 
understanding of the aetiopathogenesis of schizophrenic psychoses and improve therapeutic approaches. In this 
Series paper, we aim to review methodologically sound studies in this area, propose a theory to explain these 
fi ndings in the context of psychosis, and suggest therapeutic strategies and implications for further research.

Introduction
Schizophrenic psychoses still pose many challenges to 
psychiatry. We do not yet fully understand the 
aetiopathogenetic mechanisms of these disorders, nor 
can we suffi  ciently treat them, especially with regards 
to cognitive and negative symptoms. The cognitive 
symptoms are often the main obstacles to a full 
recovery. Outcomes of research on oestrogens, 
prolactin, and the hypothalamic–pituitary–gonadal axis 
might give us some important insights and off er 
therapeutic possibilities.

On the one hand, numerous clinical, epidemiological, 
and fundamental research studies have shown that 
oestradiol, the main component of oestrogens, has 
protective eff ects in schizo phrenic psychoses.1–4 On the 
other hand, gonadal dys function, hyperprolactinaemia, 
and states of oestrogen defi ciency in women with 
schizophrenia have been reported.1–4 These observations 
led us to formulate the hypotheses of (1) oestrogen 
protection and (2) hypo-oestrogenism and gonadal 
dysfunction in schizophrenic psychoses.1,2 

Growing evidence for hyperprolactinaemia has also 
emerged in many patients with psychosis who are 
antipsychotic-naive and even in individuals with an 
at-risk mental state.5–9 Since prolactin suppresses the 
production of gonadal hormones such as oestrogens and 
testosterone, this hyperprolactinaemia could explain 
these hormonal defi ciencies. Furthermore, hyper-
prolactinaemia could contribute to explaining how stress 
can trigger the outbreak of psychosis in vulnerable 
individuals, as formulated in the stress–prolactin–
dopamine hypothesis.5

This Series paper will give an update on studies 
investigating three hypotheses (oestrogen protection, 
hypo-oestrogenism and hypothalamic–pituitary–gonadal 
dysfunction, and stress–prolactin–dopamine) with a focus 
on clinical studies. Implications for the clinic and for 
research will be described.

The oestrogen protection hypothesis 
Epidemiological and clinical studies
The hypothesis of oestrogens being protective against 
psychosis, fi rst mentioned in the middle of the past 
century,1,2 has since gained support from many 
epidemiological and clinical studies.

Oestrogen withdrawal can cause psychosis in formerly 
healthy individuals, known as premenstrual psychosis, 
post-abortion psychosis, and psychoses associated with 
the removal of a hydatidiform mole, discontinuation of 
oral contraceptives, administration of clomifene or 
tamoxifen (both oestrogen receptor antagonists), or a 
gonadorelin agonist (which blocks pituitary stimulation 
of endogenous oestrogen secretion). These psychotic 
episodes are typically acute, short, and show an extensive 
range of psychotic and aff ective symptoms. Patients 
sometimes have a history of post-partum psychosis (ie, 
women seem to be sensitive to withdrawal of oestrogens) 
and usually remit with oestrogen substitution.10 

With regards to schizophrenic psychoses, clear sex 
diff erences might partly be attributed to the infl uence of 
sex hormones. Thus, women seem to have a slightly 
lower incidence of schizophrenic psychoses than men.11 
The incidence is particularly low in women younger than 
40 years, corresponding to a delayed age of onset, but 
higher thereafter.11–13 Furthermore, the course of the 
disease is more favourable in younger women than in 
those older than 40 years.12,13 The ABC study14,15 was an 
epidemiological study on a representative sample of 
392 fi rst-time admitted patients with schizophrenia. We 
found that women had a later peak of illness onset than 
did men. Women also exhibited an additional, smaller 
peak of illness onset after age 45 years (fi gure 1). After we 
excluded psychosocial factors as explanations, we 
suggested that the production of physiologically high 
oestradiol in young and fertile women delays the onset 
and improves the course of schizophrenia in women up 
until menopause. Then, before and around menopause 
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the drop of oestrogens leads to the second peak of onsets 
in women and to the poorer course of the disease in 
elderly women.12,13,15 

Studies of late-onset schizophrenia are consistent with 
these fi ngings.12,13,16 We have shown that there are twice as 
many women as men with onset of schizophrenic 
psychoses beyond age 40 years—8·9 per 100 000 women 
per year, but only 4·2 per 100 000 men per year in the age 
group 40–59 years.12 Furthermore, symptomatology and 
disease course are unexpectedly severe in women with 
this late onset.12,13,16 Similarly, results from our long-term 
studies on earlier onset schizophrenia (before age 
40 years) showed that in women the course of illness 
tends to deteriorate rapidly after menopause.1,17

There might be diff erent subgroups of schizophrenic 
psychoses, not all of which are aff ected by oestrogens. 
Hence, the sex diff erence in the age of onset seems 
smaller in the subgroup of patients with a genetic risk or 
perinatal complications than in patients without these 
risk factors.18

Studies on the age at menarche also suggest a protective 
eff ect of oestrogens. Thus, later menarche—ie, later rise 
of oestrogen levels—seems to be associated with an 
earlier onset of the disorder.19,20 In line with this, we 
found a signifi cantly later age of menarche in women 
with schizophrenic psychoses than in healthy controls.21

Clinically, psychotic symptomatology in women often 
correlates with the oestrogenic state.1–3 Thus, chronic 
psychoses appear to improve during pregnancy, when 
oestrogen concentrations are increased by about 
100 times to 200 times, whereas after delivery, which is 
accompanied by a sudden drop of oestrogens, there is 
marked excess of psychoses.22

In patients with schizophrenia, psychotic symptoms 
often deteriorate premenstrually or perimenstrually (ie, 
in the low-oestrogen phase of the cycle).3,4,21 We showed 
not only a signifi cant excess of patient admissions during 

the perimenstrual low-oestrogen phase of the cycle, but 
also an inverse correlation of oestradiol concentrations in 
the blood with psychopathology.23,24 When oestradiol 
concentrations in the blood increased naturally during 
the cycle, there appeared to be an improvement in 
psychotic and total symptomatology, and vice versa. 

Many other investigators have also reported a 
signifi cant association between the menstrual cycle 
phase and 17-β-oestradiol concentrations on cognition 
and on positive and negative symptoms.3,4 

However, eff ects of oestrogens might not be specifi c 
for psychosis. For example, an increased number of 
patient admissions during the perimenstrual period 
has been found independent of diagnosis for other 
disorders.3 In patients with schizophrenia, an 
exacerbation of many psychiatric symptoms, not only 
psychotic symptoms, has been observed during the 
perimenstrual period.3 This lack of specifi city is 
expected because of the multiple eff ects of oestrogens 
on mental functioning. 

Oestrogen eff ects in the brain 
The aetiopathogenesis of schizophrenic psychoses is 
widely considered to involve mainly neurodevelopmental 
abnormalities, but also neurodegenerative changes in 
the brain, as well as neurotransmitter dysfunc tions. 
Oestrogens seem to be able to infl uence all these domains.

In animals, oestrogens and testosterone strongly 
aff ect brain development during late gestation, in the 
early postnatal period, and around puberty. Along with 
others, they aff ect sexual dimorphism—ie, structural 
diff erences between normal male and female 
brains.25,26 This dimorphism might be disrupted in 
schizophrenic psychoses.27,28 

Additionally, oestrogens have many neuroprotective 
eff ects. The most active natural oestrogen in the 
brain, 17-β-oestradiol, promotes neuronal sprouting and 

Figure 1: Sex-specifi c distribution at fi rst admission for schizophrenia—broad defi nition, ICD-9: 295, 297, 298.3, 298.4 
Data are all admissions in a defi ned catchment area in and around Mannheim, Germany, in 1987 and 1988. Data compiled from Häfner and colleagues.14 
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myelination, enhances synaptic density and plasticity, 
facilitates neuronal connectivity, acts as an anti-
infl ammatory and as an antioxidant, inhibits neuronal 
cell death, and improves cerebral blood fl ow and glucose 
metabolism.17,25,26,29–31 Furthermore, oestrogens might 
mediate BDNF expression and activity.32

Circulating oestrogens also modulate the dopaminergic 
and other neurotransmitter systems relevant to 
schizophrenic psychoses, such as the serotonergic, gluta-
matergic, noradrenergic, and cholinergic systems,2,33,34 
and can modulate the sensitivity and number of 
dopamine receptors.2,33 Some authors have even 
suggested that 17-β-oestradiol in the brain should be 
regarded as a neurotransmitter itself.35

In diff erent animal models, oestrogens show similar 
eff ects on animal behaviour to those of antipsychotics.1,2 
They also positively infl uence many pathologies 
associated with schizo phrenia, such as disturbances of 
latent inhibition, prepulse inhibition, auditory processing 
or mismatch negativity, and selective attention.4,36–38 

Oestrogens not only act via the classic genomic path-
way, but also show non-genomic, rapid inter actions.29,39 At 
least two subtypes of oestrogen receptors are known, 
namely oestrogen receptor-α and oestrogen receptor-β.40 
These receptors are expressed in several areas of the 
human brain that are associated with neuroendocrine 
function and with emotion, memory, and cognition.29 
Variations in the oestrogen receptor-α (ESR1) have been 
associated with schizophrenia.41,42 Some authors suggested 
that the brain response to oestrogens in patients with 
schizophrenia might be inadequate.4,31 More details on 
recent molecular and preclinical fi ndings are given in a 
comprehensive review by Gogos and colleagues.34

Intervention studies with oestrogens 
Several intervention studies with oestrogens, especially 
with oestradiol, have shown positive results in women 
with schizophrenic psychoses.1,3,43–45 

Kulkarni and colleagues3,46–49 were the fi rst to conduct 
systematic trials. In diff erent studies, they found that 
women with schizophrenia who received oestradiol as 
an adjunct to antipsychotics showed a more rapid and 
greater symptom improvement than did women taking 
antipsychotics alone. Patients receiving an oestradiol 
transdermal adjunct signifi cantly improved in their 
total positive, negative, and general symptoms,46,47,49 and 
also in cognition in one study.48 Cognitive improvement 
would be in line with studies suggesting a positive 
eff ect of 17-β-oestradiol on cognitive function in healthy 
ageing women,30,50 but could not be confi rmed in their 
last study.49

Women with schizophrenia in the study by 
Akhondzadeh and colleagues51 achieved positive eff ects 
also with ethinyl-oestradiol as an adjunct to haloperidol. 
Furthermore, these patients needed signifi cantly less 
anticholinergic medication than did patients who received 
haloperidol alone, which is in line with other studies, 

suggesting that oestrogen treatment can ameliorate 
extrapyramidal side-eff ects.3 Louza and colleagues52 did 
not report a positive response to oestrogen treatment in 
their study, which might be because of their use of 
conjugated oestrogens rather than 17-β-oestradiol (the 
most active oestrogen in the brain). 

In 2005, on the basis of the results of a Cochrane review53 
it was concluded that the eff ects of oestrogens were still 
unclear and that further, larger clinical trials were needed. 
However, the studies reviewed that had negative results 
did not use 17-β-oestradiol, but used conjugated oestrogens. 
Furthermore, to prevent endo metrial hyperplasia, the 
oestrogens were usually combined with diff erent 
progestogens, which unfortunately can counteract the 
positive eff ects of oestradiol in the brain.4 Since the 
Cochrane review, two quantitative reviews on oestrogen 
augmentation, which included new randomised trials and 
applied stricter inclusion criteria, reported superior 
effi  cacy when antipsychotics were augmented with 
oestrogens as compared with antipsychotics alone. These 
eff ects were even larger when oestradiol was used in 
addition to antipsychotics.43,44 Additionally, in a systematic 
review of 26 randomised trials on the effi  cacy of anti-
infl ammatory drugs to improve symptoms in patients with 
schizo phrenia, Sommer and colleagues45 found oestrogens 
to be one of three promising drugs, acknowledging that 
oestrogens not only have anti-infl ammatory, but also have 
other properties.

Table 1 shows an overview on the randomised, double-
blind, placebo-controlled trials on oestrogen augmen-
tation in schizophrenic psychoses.46–49,51,52,54 

Overall, the oestrogen protection hypothesis is 
supported by these studies. In particular, the addition of 
transdermally delivered 17-β-oestradiol to standard 
antipsychotics seems to be associated with a signifi cant 
reduction of psychotic and other, particularly depressive, 
symptoms and potentially also with cognitive 
improvements in women with schizophrenic psychoses.

The greatest eff ect of oestrogen treatment would be 
expected to happen in postmenopausal women, who have 
oestrogen defi ciency. However, most studies of oestrogen 
treatment have been done in young women. One 
exception is a small study by Good and colleagues55 who 
examined postmenopausal women with schizo phrenia. 
After receiving hormone replacement therapy (HRT) 
for 6 months, these women showed a signifi cant 
improvement of verbal memory compared with women 
who did not receive HRT. Similarly, the results of a 
community study of postmenopausal women with 
schizophrenia who received HRT for gynaecological 
reasons showed less severe negative symptoms and these 
patients needed lower doses of antipsychotics than women 
with the same diagnosis but who did not receive HRT.56 

In women with post-partum psychosis and sustained 
oestrogen defi ciency, the substitution of 17-β-oestradiol 
produced a substantial antipsychotic eff ect within 1 week, 
without antipsychotics.57 
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By contrast with studies of women with schizophrenic 
psychoses, there are only a few small studies of male 
patients. In men, adjunctive oestradiol showed a 
signifi cant reduction of psychotic symptoms compared 
with placebo.3 However, long-term application is not 
possible because of the risk of feminisation. Testosterone 
augmentation improved negative, but not positive, 
symptoms in one study.58

The hypothesis of hypo-oestrogenism and 
hypothalamic–pituitary–gonadal dysfunction
Outcomes of many studies have in the meantime 
confi rmed earlier fi ndings of oestrogen defi ciency 
and disturbed gonadal function in women with 
schizophrenia.1,3–5,25,59 These studies reported menstrual 
irregularities and reduced concentrations of oestradiol, 
progesterone, and gonadotropins (follicle-stimulating 
hormone, luteinising hormone) in the blood throughout 
the menstrual cycle, as well as anovulation in many 
women with schizophrenic psychoses.

Furthermore, in men with (emerging) psychosis, 
blood levels of oestradiol44,59–61 and testosterone44,59–63 
seem to be decreased. Fertility seems to be reduced in 
both sexes.64 

One of the main reasons for gonadal dysfunction and 
hypo-oestrogenism is probably hyperprolactinaemia; 
increased prolactin blood levels have been found in many 
patients with schizophrenia5 and it is well known that 
hyperprolactinaemia can suppress gonadal function.4,65 
Traditionally, hyperprolactinaemia in patients with 
psychosis has been interpreted as a side-eff ect of 

antipsychotics. However, increased prolactin concen-
trations or hyperprolactinaemia have been shown in 
patients who are antipsychotic-naive with fi rst-episode 
psychosis or who have an at-risk mental state for 
psychosis, especially in female patients.5–9 

Furthermore, hypo-oestrogenism was observed in 
people with psychosis long before the introduction of 
antipsychotics,1,2 and oestradiol concen trations below 
normal were found irrespective of medication type 
or prolactin status in women61,66 and men61 with 
schizophrenia. Additionally, in patients with schizophrenia 
who were antipsychotic-free, low concen trations of 
oestrogens and testosterone have been shown;60 low 
concentrations of testosterone were even present in 
adolescent boys with prodromal symptoms.62 Women 
with fi rst-episode psychosis, who were retrospectively 
interviewed regarding clinical signs of gonadal 
dysfunction before the onset of the disease, have reported 
such signs as mid-cycle bleedings, loss of hair, hirsutism, 
and infertility more often than a control group of 
age-matched healthy women.21

In accordance with this, reduced bone mineral density, 
one of the long-term consequences of gonadal 
suppression,4 was found in women with fi rst-episode 
psychosis, although they had only minimal previous 
exposure to antipsychotics.67 

Of utmost interest in the context of hyperprolactinaemia 
is the fi nding of enlarged pituitary volumes in patients 
who were antipsychotic-free with fi rst-episode psychosis 
or who were in an at-risk mental state, especially in those 
with a later transition to psychosis.68 This fi nding might be 

Population Type of 
oestrogen

Number of 
patients given 
oestrogen 

Number of 
patients 
given 
placebo 

Weeks of 
treatment

Daily 
augmentation 
dose

Outcome 
measures

Results

Kulkarni et al 
(2001)46*

DSM-IV schizophrenia, 
schizophreniform, or 
schizoaff ective disorder, active 
phase of illness

Two groups 
receiving 
oestradiol

24 (12 in 50 μg 
group and 12 in 
100 μg group) 

12 4 50 μg and 
100 μg (both 
transdermal)

PANSS Signifi cant improvement of positive 
psychotic and general symptoms in both 
groups; in the 100 μg group also signifi cant 
improvement of negative symptoms 

Kulkarni et al 
(2008)47 and 
Kulkarni 
(2009)48

DSM-IV schizophrenia, 
schizoaff ective, or 
schizophreniform disorder, 
acute or chronic phase 

Oestradiol 56 46 4 100 μg 
(transdermal)

PANSS Signifi cant improvement of positive 
psychotic and general psychopathological 
symptoms; signifi cant improvement of 
cognition

Kulkarni et al 
(2015)49*

DSM-IV TR schizophrenia, 
schizoaff ective or 
schizophreniform disorder, 
treatment resistant

Two groups 
receiving 
oestradiol

56 for 100 μg 
group and 62 for 
200 μg group

62 8 100 μg and 
200 μg (both 
transdermal)

PANSS, cognitive 
tests

Improvement of positive in particular, but 
also of general and total symptoms 
(stronger eff ect with 200 μg); no eff ect 
on cognition

Akhondzadeh 
et al (2003)51

DSM-IV chronic schizophrenia, 
active phase of illness 

Ethinyl 
oestradiol

16 16 8 50 μg (oral) PANSS Signifi cant improvement of positive, 
negative, and general symptoms

Louza et al 
(2004)52

DSM-IV schizophrenia, active 
phase of illness

Conjugated 
oestrogens

21 19 4 625 μg (oral) Brief Psychiatric 
Rating Scale, 
Negative Symptom 
Rating Scale

No response

Ghafari et al 
(2013)54

DSM-IV chronic schizophrenia Conjugated 
oestrogens

16 16 4 625 μg (oral) PANSS Signifi cant decrease in positive, negative, 
general, and total PANSS scores

PANSS=Positive and Negative Syndrome Scale. *Administered two diff erent doses in diff erent subsamples. 

Table 1: Randomised, double-blind, placebo-controlled trials on oestrogen augmentation in premenopausal women with schizophrenic psychoses
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a further indication of an increased prolactin production 
during (emerging) psychosis, since an increase of 
prolactin production can enlarge the pituitary gland.69

All in all, there are many indications of a dysfunction of 
the hypothalamic–pituitary–gonadal axis with hyper-
prolactinaemia and defi cient sex hormone production 
in—at least a subgroup of—patients with schizophrenic 
psychoses.

Implications for the clinic
Assessment and therapy of hyperprolactinaemia and 
gonadal dysfunction
In the future, oestrogens, prolactin, and the gonadal axis 
should be taken more seriously in the assessment and 
treatment of patients with schizophrenic psychoses.

Psychiatric history assessment should always include 
questions on galactorrhoea, sexual problems, and 
infertility in both sexes, and menstrual irregularities and 
amenorrhoea in women. If any of these symptoms or 
other clinical signs (panel 1)17,61 are present (premature) 
gonadal insuffi  ciency should be suspected. Gonadal 
insuffi  ciency is due to hyperprolactinaemia in many 
cases, which might be a side-eff ect of certain 
antipsychotics but can occur independently of 
medication. Prolactin serum concentrations should 
therefore be tested in patients with these symptoms. 
Routine testing of prolactin has even been suggested in 
all patients with psychosis by some authors, preferably 
before being given antipsychotics70 because gonadal 
dysfunction can often be found even in women who 
are menstruating24,70 and hyperprolactinaemia might 
be underdiagnosed.65

In patients with schizophrenia, these concomitant 
risks of hyperprolactinaemia and gonadal dysfunction 
are often further increased by additional risk 
factors such as poor diet, smoking, and not enough 
regular exercise.40,65,70

In the case of hyperprolactinaemia, prolactin-sparing 
antipsychotics (eg, clozapine, quetiapine, aripiprazole, 
or olanzapine) should be the preferred pharmacological 
treatment option.65 Before switching to prolactin-
sparing antipsychotics, contraception counselling is 
mandatory since gonadal function often normalises in 
women with pre-existing gonadal suppression and 
fertility is regained, with a high risk of unplanned 
pregnancy.17 If switching is not possible and if the 
patient has oestrogen defi ciency, the hormone should 
be substituted in cooperation with a specialist.71 The 
same might be true for testosterone, although much 
less research has been done on this. Furthermore, there 
might be cases with premature gonadal insuffi  ciency 
without hyper prolactinaemia.

Oestradiol as a therapeutic drug? 
Evidence that oestradiol could be used as an adjunct to 
antipsychotic medication even without an oestrogen 
defi ciency state is increasing. Further replications of 

these fi ndings in large controlled studies by diff erent 
groups are urgently awaited.

In women with frequent perimenstrual relapses, 
continuous use of oral contraceptives without hormone-
free intervals might be an option.21 

In women with declining oestrogen production during 
perimenopause and postmenopause, hormonal replace-
ment seems promising. It might augment the eff ect of 
the antipsychotics and thus minimise their dosage, and 
simultaneously reduce perimenopausal complaints such 
as hot fl ushes, night sweats with sleep disturbances, and 
general irritability (panel 2),16,30,71–77 thereby contributing 
to general wellbeing and possibly to prevention of 
psychotic relapses. Furthermore, other positive eff ects of 
oestrogens, such as a positive infl uence on cognitive 
function30,50 and on bone mineral density,67,78 could be 
especially helpful in patients with psychosis of this age 
group. Despite these potentially helpful aspects, women 
with schizophrenia have so far been less likely to use 
HRT than mentally healthy women.79 

Oestrogen replacement in perimenopause and 
postmenopause has been challenged by several 
studies,80,81 especially by the Women’s Mental Health 
Initiative (WHI) study,80 because of suspected side-eff ects. 
However, the WHI study80 was criticised by many 
experts82–84 for method fl aws, particularly the high age of 
the women studied (mean age 63 years) and their high 
prevalence of cardiovascular risk factors. Thus, many of 
the complications reported were probably associated 
with pre-existing risk factors. A reanalysis74 of the WHI 
data could not confi rm the complications, but rather 
showed a cardiovascular benefi t when oestrogen 
replacement was started early after menopause. There 
seems to be a window of opportunity for starting 
hormone replacement.72,74 Furthermore, the WHI study80 
had used continuous conjugated equine oestrogen rather 
than physiological oestradiol, although the latter is 
known to have less side-eff ects. The patients were given 
the drug orally rather than transdermally as 
recommended. It was also combined with the 
progestogen medroxy progesterone acetate, which is 
probably responsible for the slightly increased risk of 
breast cancer if given for more than 7 years.72 A protective 
eff ect on memory has been shown when treatment starts 

Panel 1: Potential consequences of hyperprolactinaemia with gonadal suppression17,61

• Galactorrhoea, mammary engorgement, possibly breast cancer 
• Gonadal suppression with decline of oestrogen production in women and decline of 

testosterone production in men
- Early consequences: loss of libido, orgasmic dysfunction (erectile dysfunction, 

disturbance of ejaculation, reduced spermatogenesis in men); reduced fertility; hot 
fl ushes, urogenital symptoms, dyspareunia in women; possibly depression; 
emotional lability and risk of relapse 

- Late consequences: osteopenia, osteoporosis, fragility fractures; cardiovascular risk, 
skin ageing, possibly cognitive disturbance
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early and 17-β-oestradiol is given.50,83 A meta-analysis84 on 
43 RCTs found that menopausal hormone therapy did 
not increase mortality, neither all cause nor cardiac 
deaths, or those from stroke or cancer. 

A very important argument in the controversy about 
the advantages and disadvantages of oestrogen 
substitution is that we have to distinguish a preventive 
application from a therapeutic use. In women with 
psychosis, oestradiol would be used therapeutically. 
Potential side-eff ects would have to be outweighed by 
the benefi ts and have to be compared with the side-
eff ects of antipsychotics and other adjunct medications. 
Pros and cons have to be carefully assessed in each 
woman individually, and the fi nal decision has to be 
made by the well informed woman herself. Oestrogens 
should only be substituted in women without risk 
factors, in close cooperation with a gynaecologist, and 
with close monitoring.

Psychiatrists should have the knowledge to be the 
advisers of their patients and the cooperation partners of 
the gynaecologists. To this end, they should know the 
best method of hormone replacement.3 The natural 
17-β-oestradiol not only seems to be the oestrogen with the 
best benefi t-risk profi le, but also the most active in the 
brain.26 Transdermal application (patches or gel) has fewer 
side-eff ects than oral application.75 Progestogens have to 
be added to oestrogens for endometrial protection. In this 
case, the natural, body identical, micronised progesterone 
seems to be the one with the least side-eff ects.75 

Promising alternatives to oestrogens are being 
studied, especially so-called selective oestrogen receptor 
modulators. Raloxifene, for example, mainly acts on the 
bone, but might also act on diff erent brain receptors.85 

However, according to several studies,44,86,87 raloxifene 
does not improve psychotic symptoms but only negative 
and total symptoms in postmenopausal women with 
schizophrenia. Furthermore, a positive eff ect might be 
possible on cognition in patients with schizophrenia, 
although not confi rmed.31,87,88 Although the use of 
raloxifene is relatively safe, there seems to be a low risk 
of blood clots.31

A novel compound, 17-α-oestradiol, has been shown to 
be as equally protective as conventional 17-β-oestradiol 
with regards to cognitive defi cits, depression-like 
symptoms, and problems with motor coordination in 
rats and, most importantly, without increasing oestradiol 
concentrations or markers of feminising action.89

Implications for research 
Clinical research
There are many open research questions regarding the 
best clinical regimens for the diff erent patient groups 
mentioned in this Series paper. 

What kind of hormone replacement is best for patients 
with psychosis who have premature gonadal insuffi  ciency 
or menopausal symptoms? For women, transdermal 
17-β-oestradiol seems to be a good option. However, we 
do not know whether the recommended ultra-low doses 
for hormone replacement in otherwise healthy women 
who are perimenopausal or postmenopausal would still 
benefi t the mental state of patients with psychosis. 
Furthermore, we know very little about the mental eff ects 
of the progestogen progesterone, which is recommended 
to be added to protect the endometrium.75 

Similar questions have to be posed with regards to 
adjunct oestrogen therapy in younger women. So far, the 
doses applied in acutely ill patients seem too high for 
long-term use. What could an adequate long-term 
regimen be? Possibly the dose should be adjusted 
according to the physiological oestrogen concentrations 
still produced by the women themselves, in the context 
of individualised therapy. However, no studies have been 
done on this subject.

Most importantly, hardly any studies have been done 
on men. How many have low testosterone concentrations 
and how should those concerned be treated?

Further studies are urgently needed on compounds 
that have more specifi c and potent oestrogenic activity in 
the brain than in other tissues. Such compounds should 
both minimise the side-eff ects of hormonal therapy and 
permit new therapeutic strategies in men.

Research into pathogenetic mechanisms and the stress–
prolactin–dopamine hypothesis 
The fi ndings on hyperprolactinaemia and gonadal 
insuffi  ciency might give important insights into the 
pathogenetic mechanisms of emerging psychosis. Thus, 
we have speculated that hyperprolactinaemia in 
prodromal and fi rst-episode psychosis is caused by 
psychological stress associated with the (emerging) 

Panel 2: Important eff ects of oestrogen replacement in the menopause and 
suggested guidelines16,30,71–77

Positive
Perimenopausal complaints reduced 
• Physical: hot fl ushes, genital discomfort, ageing of collagen (skin, joints, intervertebral 

discs) reduced
• Mental: depression, irritability, emotional lability, psychotic symptoms reduced
Risk of osteoporosis and fragility fracture reduced
Possible delay of cognitive decline and Alzheimer’s disease
Possible cardiovascular protection (only if started immediately after menopause)

Negative
Increase in endometrial carcinoma if unopposed oestrogens are administered 

- In women without hysterectomy combine with progesterone
Possible risk of breast cancer increased (probably due to combination with progestogen)
 - Do not give to patients with a familial or own risk, and usually not for longer than 7 years
Risk of thrombosis, cerebral insult, and coronary heart disease increased
 - No prescription for patients at risk
 - Rather use 17-β-oestradiol and transdermal application
 - Start only within the fi rst 10 years after menopause and do not apply in patients aged 

>60 years
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illness.5 This stress-induced hyperprolactinaemia could 
contribute to triggering the onset of acute psychotic 
symptoms since hyperprolactinaemia in a feedback loop 
induces the production of the prolactin-inhibiting factor 
(PIF),5 and PIF is mainly dopamine,90,91 a neurotransmitter 
well known to provoke psychotic symptoms.92

The onset of psychosis has been linked to stress on the 
one hand,93–96 and to an increase of dopaminergic 
neurotransmission on the other.92,93 Furthermore, stress 
can lead to an increased dopamine release.93,96,97 However, 
how stress can enhance dopaminergic neurotransmission 
has not yet been really understood.92,93 Explanations have 
so far discussed a role for the concomitantly enhanced 
stress hormone cortisol and infl ammation markers,94,98 
or a hyper-reactivity of dopamine neurons to stress.95,97 
But these theories neither integrate the fi ndings 
of hyperprolactinaemia, nor those of low levels of 
gonadal hormones. 

Therefore, we have suggested the stress–prolactin–
dopamine hypothesis.5 According to this hypothesis, the 
well known increase of prolactin due to stress90,94,99 
enhances dopamine release (ie, PIF) in a feedback 
mechanism (fi gure 2).90,91,100 This increase of dopamine 
can then provoke psychotic symptoms in people with a 
susceptibility for psychosis. This hypothesis would mean 
that the tuberoinfundibular dopamine pathway might be 
involved in the pathogenesis of schizophrenic psychoses, 
and not just the mesolimbic and mesocortical pathways, 
as hypothesised prominently in the literature.

The stress–prolactin–dopamine hypothesis would 
explain the well known fact that stress can trigger the 
onset of psychosis. At the same time, stress-induced 
hyperprolactinaemia would explain the oestrogen 
defi ciency in (a subgroup of) women with psychosis, 
since enhanced prolactin suppresses ovarian oestrogen 
production. Together with the oestrogen protection 
hypothesis, this stress–prolactin–dopamine hypothesis 
might also help to explain why schizophrenic psychoses 
often occur or relapse during periods with strong 
fl uctuations of sex hormones and prolactin, such as in 
adolescence, post partum, or perimenopause.

Further support for this hypothesis came from Labad 
and colleagues.94 They found increased prolactin (not 
cortisol) to be a predictor of the transition to psychosis. 

Hyperprolactinaemia and increased pituitary volumes 
have predominantly been found in women with psychosis. 
This occurrence might be explained by oestrogens 
sensitising the pituitary to release prolactin.90,100 In line 
with this would be functional MRI fi ndings showing that 
women react diff erently to stress than men do, especially 
in their high oestrogen phases of the menstrual cycle.101

Unfortunately, very little research has been done in this 
area in men with psychosis, apart from studies showing 
that there is a subgroup with hyperprolactinaemia5,6 and 
that some men with (emerging) psychosis have low 
testosterone or oestrogen concentrations. More research 
in men is needed in this area.

As to the specifi city of the results for psychoses, other 
psychiatric disorders also seem to show some 
disturbances of the gonadal axis, although not to the 
same degree, and secondary amenorrhoea is a well 
known phenomenon in periods of stress.102

Conclusions 
Clinically, evidence that 17-β-oestradiol could be a useful 
adjunctive therapy is emerging. It could complement and 
improve the drug therapies that are traditionally used for 
women with schizophrenic psychoses. In particular, it 
might be used as an adjunct in therapy-resistant women. 
Further studies on its potential for enhancing cognition 

Figure 2: Control of prolactin production and secretion 
*Dopamine is prolactin-inhibiting factor. PRL=prolactin. PRF=prolactin-releasing factor. TRH=thyrotropin-releasing 
hormone. VIP=vasoactive intestinal polypeptide. GABA=γ-aminobutyric acid. ACh=acetylcholine. 
5-HT=5-hydroxytryptamine. This fi gure has been adapted from the fi gure published in Williams Textbook of 
Endocrinology, Low, Neuroendocrinology, 126–127, Copyright Elsevier (2008).90
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would be very important since we still do not have potent 
drugs here, as the results of a review103 on cognition-
enhancing drugs in schizophrenia showed. Furthermore, 
raloxifene might be an option if cognition is the target. 
Also, this treatment option needs further studies.

In perimenopause and postmenopause, oestrogen 
replacement for women has been recommended for 
many reasons (panel 2). Schizophrenic psychoses could 
potentially be an additional indication. 

Of course the decision to apply oestradiol must always 
be made on the basis of an individual risk–benefi t 
assessment72 and in close collaboration with a 
gynaecologist. The challenge here is that after the fi rst 
alarming results of the WHI study,80 not all professionals 
and patients have kept updated with newer, contrasting 
results and now “overestimate the risks and 
contraindications, and underestimate the impact of 
menopausal symptoms on a woman’s quality of life”.71 
As particularly in women with psychosis the benefi ts 
might often outweigh the risks, more research is 
urgently needed.

Other strategies should already be part of standard 
clinical care, such as assessments of symptoms of 
gonadal insuffi  ciency, with diff erential diagnosis and 
therapeutic actions if indicated. 

More research is also needed regarding the poorly 
understood disturbances of the hypothalamic–pituitary–
gonadal axis, hyperprolactinaemia, and sex hormone 
defi ciency in patients with schizophrenic psychoses. Our 
understanding of the pathogenesis of these disorders, at 
least in a subgroup of patients, might benefi t substantially 
from further research in this area.
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