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A B S T R A C T

The female hormone 17β-estradiol is postulated to be protective against schizophrenia onset and severity. Hypoestrogenism is a common phenomenon in women
with schizophrenia that has serious effects that adds to the burden of an already very onerous disease. The cause of hypoestrogenism is largely attributed to
antipsychotic-induced hyperprolactinemia. Evidence suggest however that a significant portion of female schizophrenia patients develop hypoestrogenism either
before antipsychotic treatment or without regard to the level of prolactin, suggesting that for a sizeable segment of female patients, gonadal abnormality may be an
innate and early aspect of the disease. This review aims to summarise the available literature that examines gonadal dysfunction in schizophrenia through this prism
as well as to outline some recent developments in treatment strategies that may provide feasible ways to successfully tackle hypoestrogenism in schizophrenia.

1. Modulation of schizophrenia by estrogen

Schizophrenia is a crippling psychiatric disorder affecting around
0.3–0.7% of the general population (Saha et al., 2005). Despite its re-
latively low prevalence, schizophrenia was ranked among the top 25
leading causes of disability worldwide in 2013 due to its high morbidity
rates (Global Burden of Disease Study, 2015). Schizophrenia is char-
acterised by three symptom domains – positive symptoms (e.g. hallu-
cinations and delusions), negative symptoms (e.g. apathy, lack of mo-
tivation) and cognitive symptoms (e.g. memory impairment, executive
function impairment). Unsurprisingly, besides the obvious health pro-
blems, schizophrenia imposes a heavy economic burden, with the cost
of treatment and care for diagnosed patients accounting between 1.5
and 3% of total national health expense in most developed countries
(Knapp et al., 2004). This financial cost is most likely a vast under-
estimate as schizophrenia imposes a high level of indirect costs of ap-
proximately 50% of total costs associated with the disease (Gustavsson
et al., 2011; Marcellusi et al., 2018). Furthermore, the trajectory of the
prevalence of schizophrenia is growing across the world (Charlson
et al., 2018). The cornerstone of treatment for schizophrenia is anti-
psychotics, which suppress the positive symptoms. However, anti-
psychotic medications are limited by their inability to treat other
symptom domains, the heterogeneity in patient responses, which leads
to a trial-and-error strategy in prescription, as well as variances in ef-
ficacy in addition to a wide array of side effects including extra-
pyramidal symptoms and cardiometabolic dysfunctions (Blair and
Dauner, 1992; Lally and MacCabe, 2015). Hence there is a great need

for novel treatments to fill these gaps.
The onset of schizophrenia typically peaks during early adulthood.

However, clear sex differences in age of onset have been found by
epidemiological studies. Females tend to have a delayed mean peak
onset age compared to males, by about 3–4 years (Hafner, 2003; Hafner
et al., 1992). Indeed, earlier age of menarche in females is associated
with later onset of schizophrenia, whereas there is no correlation be-
tween age of puberty and disease onset in males (Cohen et al., 1999;
Kilicaslan et al., 2014), suggesting longer exposure to the female sex
hormone estrogens, especially the most potent estrogen, 17β-estradiol
(E2), is protective against schizophrenia during the peak onset period of
the disease. Females also show less incidence rates compared to males
overall and typically present with milder symptoms, lower levels of
disability and require lower doses of antipsychotics (Canuso and
Pandina, 2007; Hafner, 2003; Melkersson et al., 2001; Morgan et al.,
2008), although females tend to suffer more from affective symptoms
than males (Cotton et al., 2009). Noticeably, females experience a
second peak of onset around the age of menopause, when circulating E2
levels drop significantly (Riecher-Rossler and Hafner, 1993). These
epidemiological findings suggest that the female sex hormone, E2, is
protective against the onset of schizophrenia.

Evidence also suggests that E2 can modulate the severity of schi-
zophrenia symptoms in patients. Studies have shown that the severity
of symptoms from all three symptom domains vary in female patients
according to the menstrual cycle, worsening during low E2 phases and
vice versa, with the possible exception of depressive symptoms
(Bergemann et al., 2007; Grigoriadis and Seeman, 2002; Gurvich et al.,
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2018; Riecher-Rossler et al., 1994a; Riecher-Rossler et al., 1994b; Rubin
et al., 2010). For this reason, there is an over-representation of women
admitted to the hospital for exacerbation of schizophrenia symptoms
during low E2 phases (Bergemann et al., 2002; Herceg et al., 2018). A
later age of menarche in female patients has been found to be correlated
with greater functional impairment (GAF) and higher negative
symptom scores (PANSS) (Hochman and Lewine, 2004). Time since
menopause was also found to be negatively correlated with overall
antipsychotic response, accounting for 41% of the variance (Gonzalez-
Rodriguez et al., 2016). Collectively, the above evidence gave rise to
the ‘estrogen hypothesis of schizophrenia’, which proposes that es-
trogen, in particular E2, offers relative protection against schizophrenia
in women, and that hypoestrogenism in women exacerbates the risk
and course of schizophrenia (Riecher-Rossler, 2002). This insight offers
potentially exciting opportunities for treatment options, given current
antipsychotic drugs chiefly only target the positive symptoms but leave,
for example, cognitive symptoms, which are both prevalent and highly
predictive of functional outcomes (Green et al., 2004), unmedicated.

2. Mechanisms of estrogen in schizophrenia

E2 can modulate neurotransmitter networks known to be disrupted
in schizophrenia-related pathology, namely the dopaminergic and
glutamatergic networks (Barth et al., 2015; Cyr et al., 2002; Rao and
Kolsch, 2003). For example, E2 can modulate the expressions of do-
pamine receptors and dopamine transporter (Di Paolo, 1994) as well as
dopamine synthesis (Pasqualini et al., 1995). E2 can also regulate
hippocampal dendritic spine density through NMDA receptor-depen-
dent mechanism (Woolley and McEwen, 1994; Woolley et al., 1997)
and is protective against NMDA-induced neurotoxicity (Kurata et al.,
2004; Lan et al., 2014). Furthermore, estrogen receptors may influence
metabotropic glutamate receptor signalling (Tonn Eisinger et al., 2018).
Additionally, the major inhibitory network, the GABAergic network,
which regulates both the dopaminergic (Enomoto et al., 2011) and
glutamatergic networks (Coyle, 2004; Johns et al., 2002), is disrupted
in schizophrenia (Blum and Mann, 2002). The work in our laboratory
has shown that E2 modulates the adolescent development of parval-
bumin-expressing GABAergic interneurons in the hippocampus (Wu
et al., 2014) and prefrontal cortex (Du et al., 2018) of mice. We have
also demonstrated that E2 modifies gamma band oscillations, which is
coordinated by PV interneurons during decision making in a cognitive
task (Schroeder et al., 2017). Furthermore, E2 can also promote sy-
naptic plasticity (Bi et al., 2001; Liu et al., 2008) and possesses anti-
inflammatory properties (Pozzi et al., 2006; Vegeto et al., 2003), po-
tentially able to combat the synaptopathy (Calabrese et al., 2016;
Osimo et al., 2018) and increased inflammation in schizophrenia
(Boerrigter et al., 2017; Marques et al., 2018). Some of these effects
may be through E2’s ability to regulate the expression of neurotrophins,
in particular, brain-derived neurotrophic factor (BDNF), which is a vital
neurotrophin with many neuroprotective effects (Begliuomini et al.,
2007; Engler-Chiurazzi et al., 2011; Gibbs, 1999; Hill, 2012; Pan et al.,
1999; Scharfman and MacLusky, 2006; Wu et al., 2013).

3. Hypoestrogenism in schizophrenia

Given the palpable positive effects of E2 in schizophrenia, it is not
surprising that hypoestrogenism is often detected in female schizo-
phrenia patients. In PubMed, using the search term ‘Schizophrenia’ in
combination with ‘hypoestrogenism’ or ‘estradiol’ or ‘HPG-axis’ or
‘menstrual cycle’ yielded 5 relevant original studies that looked at E2
level and menstrual cycling in female patients of reproductive age. For
example, Riecher-Rossler and colleagues examined 32 acutely admitted
female schizophrenia patients who were all cycling regularly, across at
least one menstrual cycle with serum samples taken at least once every
7 days for hormone measurement via immunoassay. This group of
women had markedly reduced circulating E2 levels compared to a

sample of 350 healthy controls, with the natural fluctuations of E2
throughout the cycle also being dampened in comparison to healthy
controls (Riecher-Rossler et al., 1994b). Ko and colleagues recruited 35
chronic schizophrenia inpatients who had at least two consecutive
regular menstrual cycles before participation. The patients performed
psychopathology and cognition testing as well as blood sampling during
the follicular phase. The authors reported that 62% of their 35 patients
examined exhibited hypoestrogenism (< 18.9 pg/ml) according to re-
ference values of E2 for healthy women during the follicular phase,
which correlated with poorer cognitive performance (Ko et al., 2006).
Bergemann and colleague found in a cohort of 75 patients that 57.3%
were hypoestrogenic, according to the established range of E2 in
healthy women during the follicular (< 30 pg/ml) and periovulatory
phases (< 100 pg/ml) (Bergemann et al., 2005). More recently, Gleeson
and colleagues found that 41% of 139 chronic female patients examined
displayed irregular menses (defined as not occurring once every
3–5weeks), which correlated with reduced circulating E2 levels com-
pared to those with regular menses (Gleeson et al., 2015). Another
study from the same group found that 41.2% of 204 premenstrual fe-
male schizophrenia patients exhibited irregular cycling, and that
menstrual cycling irregularity predicted significantly poorer perfor-
mance in multiple cognitive tasks including verbal fluency and verbal
memory (Gurvich et al., 2018).

Besides the classic schizophrenia symptoms, other manifestations of
reduced estrogen such as lower bone mineral density and increases in
the risk of osteoporosis (Kishimoto et al., 2012; Tseng et al., 2015),
increased rates of urinary tract infection (Carson et al., 2017; Graham
et al., 2014) and sexual dysfunction (Kockott and Pfeiffer, 1996) are all
over represented in the schizophrenia population. These undoubtedly
contribute to the high morbidity of the disease.

The prevailing view of the cause of hypoestrogenism in schizo-
phrenia has traditionally been attributed to the use of antipsychotic
medications (Buchanan et al., 2010). Blockage of the dopamine D2
receptor is a major mechanism of action of antipsychotic drugs. As
prolactin secretion is inhibited by dopamine from the arcuate nucleus of
the hypothalamus acting on dopamine D2 receptors in the pituitary
gland, hyperprolactinemia is a common side effect of antipsychotic
medication, especially in females (Kinon et al., 2003). One consequence
of abnormally increased prolactin levels is hypoestrogenism, as pro-
lactin suppresses the hypothalamic-pituitary-gonadal (HPG) axis (Smith
et al., 2002). This is especially seen with “tight binding” drugs that
block the dopamine D2 receptor most robustly, such as risperidone,
which can cause hyperprolactinemia in a majority of users (Kinon et al.,
2003). On the other hand, other atypical antipsychotics, which dis-
sociate faster from dopamine D2 receptors, tend not to increase pro-
lactin to the same extent as typical antipsychotics (Kapur et al., 2001).

Examining clinical trials by searching for key words ‘schizophrenia’
with ‘estrogen treatment’ or ‘estradiol treatment’ yielded 5 original
studies in premenopausal women who have had chronic schizophrenia.
These clinical studies have shown that adjunct E2 treatment may be
beneficial for schizophrenia, aiding improvement of PANSS positive,
negative, general and total symptoms and comprehension of meta-
phoric speech (Bergemann et al., 2008; Ghafari et al., 2013; Kulkarni
et al., 1996; Kulkarni et al., 2015; Kulkarni et al., 2001). However,
given the limitations of using E2 as treatment, due to its feminizing
quality in men and its propensity to induce breast and endometrial
cancers as well as increasing the risk of embolism and stroke (Manson
et al., 2013; Rossouw et al., 2002), a better understanding of the cause
of hypoestrogenism may help unveil novel treatment strategies. Some
evidence may suggest that hypoestrogenism does not in fact exclusively
occur as a result of antipsychotic drug-induced hyperprolactinemia. In a
significant proportion of female schizophrenia patients, there is evi-
dence that hypoestrogenism may arise as an innate and early patho-
physiology of schizophrenia, which will be discussed below. If so, hy-
poestrogenism may exacerbate the manifestation of schizophrenia
during the dynamic adolescent and early adulthood phase.
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4. Hypoestrogenism independent of antipsychotic-induced
hyperprolactinemia

Few studies particularly examined the contribution of antipsychotic-
induced hyperprolactinemia towards gonadal abnormalities. Searching
PubMed with the key words ‘schizophrenia’, ‘hyperprolactinaemia’ and
‘estradiol’; ‘schizophrenia’, ‘hyperprolactinaemia’, ‘amenorrhea’ and
‘antipsychotics’ found 3 relevant original studies. One study (Canuso
et al., 2002) looked at a small sample of 16 female patients, eight of
whom were treated with known prolactin-raising antipsychotics (ty-
pical antipsychotics and risperidone) and eight with prolactin-sparing
antipsychotics (clozapine, olanzapine, and quetiapine). While prolactin
levels in the former group were significantly greater than the latter,
there were no differences in rates of menstrual dysfunction between the
groups. The mean E2 levels of the two groups were similar, and 15/16
subjects examined, irrespective of prolactin levels, had peak E2 levels
that fell below the normal reference median for E2 in the periovulatory
phase of the menstrual cycle (200 pg/ml). Indeed 11 subjects had E2
levels beneath the lower limit of normal E2 level expected for this phase
(100 pg/ml), as measured by radioimmunoassay level. The authors
conclude that antipsychotic mediated increase in prolactin level alone
do not fully explain the high rates of ovarian dysfunction observed in
women with schizophrenia.

Bergemann and colleagues, in their 2005 study (Bergemann et al.,
2005) of 75 women with schizophrenia found that just under 60% of
the subjects displayed hypoestrogenism (E2 values of< 100 pg/ml
during the periovulatory phase and<30 pg/ml during the follicular
phase), according to measures by electrochemiluminescence im-
munoassay. These subjects did not include any women with pre-existent
amenorrhea or irregular menses. Similar to the study by Canuso and
colleagues, the authors separated their subjects into those taking typical
antipsychotics and atypical antipsychotics known to induce only mild
elevations in prolactin (clozapine and olanzapine). While the prolactin
levels of these two groups reflected the nature of the antipsychotics,
with those patients on atypical antipsychotics having significantly
lower prolactin level across the different phases of the menstrual cycle
than those on typical antipsychotics, the serum E2 levels of both groups
were low nonetheless. Indeed, only 19% of patients receiving conven-
tional antipsychotics and 27% of patients receiving clozapine had E2
level over 100 pg/ml during the periovulatory phase, where the ex-
pected range is 150–300 pg/ml in healthy women. These findings led
the authors to conclude that hypoestrogenism may occur regardless of
antipsychotic-induced hyperprolactinemia.

Another study (Chen et al., 2013) set out to examine how anti-
psychotic medication contributes towards amenorrhea in first-episode
female patients. The authors examined 62 drug-naïve patients from
their admission till 12 weeks post treatment with risperidone, the most
widely used antipsychotic in China, where the study was carried out.
The study found that while prolactin levels increased 4-fold in patients
given risperidone, the pre and post-treatment prolactin levels did not
predict whether a patient developed amenorrhea. However, lower
pretreatment E2 levels were significantly associated with the develop-
ment of amenorrhea upon risperidone treatment. This suggests that

dysfunction of the gonadal axis already exists in some patients prior to
antipsychotic treatment and that antipsychotics might exacerbate this
dysfunction.

Few studies have looked at drug-naïve patients in this regard. Using
key terms ‘schizophrenia’, ‘drug-naïve’ or ‘drug free’ and ‘hyperpro-
lactinaemia’; ‘schizophrenia’, ‘first episode’ and ‘hyperprolactinaemia’
yielded 5 relevant original studies. These available evidence agree with
the proposition that dysfunction of the gonadal axis may precede an-
tipsychotic treatment in a proportion of patients. Aston and colleagues
reported hyperprolactinaemia in 10 out of 43 At-Risk Mental State in-
dividuals (ARMS) as well as 6 out of 26 first-episode psychosis patients
who were all drug-naïve (Aston et al., 2010). In a follow up study in a
larger cohort of drug-naïve subjects, the group reported 37 out of 116
ARMS individuals and 17 out of 49 first-episode psychosis patients
presented with hyperprolactinaemia (Ittig et al., 2017). In this study,
females of both groups are more likely to display hyperprolactinaemia
(41% women vs 28% men of ARMS; 53% women vs 26% men of first-
episode psychosis). A study examining 74 drug-naïve, first-episode
patients from the European First Episode Schizophrenia Trial saw 11
out of 22 women and 18 out of 52 men exhibiting hyperprolactinemia
(Riecher-Rossler et al., 2013). A recent study examining 40 drug-naïve,
newly diagnosed schizophrenia patients found elevated serum prolactin
level compared to healthy controls (Petrikis et al., 2016). In a Chinese
study, which examined 81 first-episode schizophrenia patients con-
sisting of 39 male and 42 females, the authors reported a significant
elevation in serum prolactin levels in schizophrenia patients of both
sexes compared to healthy controls. In addition, male patients exhibited
reductions in testosterone while female patients displayed reductions in
E2. In patients of both sexes, E2 levels were correlated with cognitive
performance. In male patients, E2 levels were negatively correlated
with negative symptoms while in females E2 was negatively correlated
with positive symptoms and total PANSS score (Yuan et al., 2016).
Corroborating this finding, a recent systematic review of studies that
examined prolactin levels in antipsychotic-naïve patients with schizo-
phrenia and related disorders reported that prolactin levels are sig-
nificantly elevated in both male and female patients and that the ele-
vation was not correlated with confounding factors such as cortisol
level or BMI (Gonzalez-Blanco et al., 2016).

While more large scale studies are required to confirm the extent
and nature of gonadal axis dysfunction in early schizophrenia (see
Table 1 for summary of existent data), the literature so far suggest that a
sizeable proportion of patients may display abnormalities at the time of
their first episode, and before antipsychotic treatment initiation.

5. Potential treatment strategy

The evidence of early HPG-axis dysfunction in particularly female
schizophrenia patients may have important ramifications towards the
guidance of antipsychotic choice. For example, in first-episode patients
who already present with reduced E2 it may be best avoid prolactin-
raising antipsychotics. Recently there has been accumulating evidence
from small-scale clinical studies that indicate adjunct treatment using
the selective estrogen receptor modulator (SERM) raloxifene is

Table 1
Studies examining E2 level in female schizophrenia patients.

Study Subjects Normal blood E2 reference range Schizophrenia patient level

Riecher-Rossler et al., 1994b 32 female patients 550–1,660 pmol/L (preovulatory peak) 28/32 subjects showed peak E2 < 550 pmol/L (below lower limit of
normal) across 3–8weeks

Ko et al., 2006 35 female patients 18.9–246.7 pg/mL (follicular phase) 22/35 subjects showed E2 < 18.9 pg/mL (mean 21.05 ± 21.32 pg/mL)
Bergemann et al, 2005 75 female patients 150–350 pg/mL (periovulatory phase) 70/75 subjects showed peak E2 < 150 pg/mL (lower limit of normal

range)
Canuso et al., 2002 16 female patients 100–280 pg/mL (periovulatory phase) 11/16 subjects showed peak E2 < 100 pg/mL (lower limit of normal)
Yuan et al., 2016 42 first episode female

patients
63 ± 66 pg/mL (40 healthy female
controls)

51 ± 40 pg/mL

X. Du and R.A. Hill General and Comparative Endocrinology 275 (2019) 38–43

40



beneficial for schizophrenia patients across all classic symptom do-
mains and with apparently minimal deleterious side effects (de Boer
et al., 2018; Kulkarni et al., 2016; Kulkarni et al., 2010; Weickert et al.,
2015; Zhu et al., 2018). Raloxifene is a FDA approved drug for the
treatment of postmenopausal osteoporosis and prevention of breast
cancer. While acting through the estrogen pathway, raloxifene avoids
many of the problems facing E2 by having tissue-specific actions, acting
as an antagonist in the breast (Cummings et al., 2002) and uterus
(Mitlak and Cohen, 1999) but as an agonist in bone (Muchmore, 2000).
While a lack of knowledge of SERM actions in the brain has impeded
furtherance of larger-scale and longer-term clinical trials, SERMs may
prove to be a valuable adjunct treatment especially for patients ex-
hibiting HPG-axis dysfunction upon onset. Interestingly, a recent case
study revealed that a 12-week adjunct raloxifene trial in a 44 year old
woman with schizophrenia who has had amenorrhea for four years was
able to reinstate menses and improve various symptoms without low-
ering prolactin. Amenorrhea returned after the cessation of the ralox-
ifene trial (Grigg et al., 2017). This case study is the first to show re-
covery of menses in a schizophrenia patient with amenorrhea using
raloxifene and suggests that the function of the HPG-axis, even in pa-
tients with prolonged amenorrhea, can be recovered.

Further and deeper studies in this area are needed to continue to
uncover the underlying pathophysiology in subsets of schizophrenia
patients that display early HPG-axis dysfunction. For example, it is
conceivable that abnormal gonadal development and function
throughout adolescence may be a risk factor that plays a contributing
role in the development of schizophrenia for some patients. The func-
tion of raloxifene and other SERMs such as the 3rd generation baze-
doxifene require closer scrutiny with regards to their actions in the
brain to fully exploit their beneficial properties. The better under-
standing of this phenomenon can help to generate informed application
of the most appropriate treatments as well as aid in the evolution of
new treatments to ameliorate the high burden of schizophrenia.
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