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The role of steroids in the development of post-partum mental disorders
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Background. Unfavorable post-partum changes to mental well-being affect more than half of all women, and are a risk 
to the health of both mother and baby. Their effects place strains on health and social systems. Currently, no generally 
accepted theory exists of the causes and mechanisms of post-partum mental disorders. 
Methods. Literature search up to 2012, using PubMed and search words: neuroactive steroids, post-partum mental 
disorders, depression, corticotropin-releasing hormone and estrogens.
Results. There are several theories for post-partum depression. One is that autoimmune diseases are involved. Others 
revolve around genes responsible or that lead to increased disposition to the disorder. It is likely however that the 
process is associated with the separation of the placenta and the fetal zone of fetal adrenal gland, the main sources of 
corticotropin-releasing hormone and sexual and neuroactive steroids during pregnancy, and the ability of the receptor 
system to adapt to these changes. The central nervous system is able to produce neurosteroids, but the drop in levels 
of peripheral steroids likely leads to a sudden deficit in neuroinhibitory steroids modulating ionotropic receptors in 
the brain. 
Conclusions. Post-partum depression is a multifactorial disease with unknown etiology. It is probably associated with 
sudden changes in the production of hormones influencing the nervous system, and on the other hand the ability of 
the receptor system to adapt to these changes. When the relative changes in concentrations of hormones, rather than 
their absolute levels, is likely more important.
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INTRODUCTION

Steroid hormones act through two different pathways. 
The classic effect is at the genomic level, acting over slow 
time scales of hours to days. The non-genomic effect of 
steroids on the other hand can influence cellular pro-
cesses in seconds or even milliseconds. Steroid hormones 
that act in this non-genomic way and influence neural 
excitability are known as neuroactive steroids. Those that 
are produced in the brain are called neurosteroids. The 
molecular mechanisms for these direct effects, influenc-
ing neural stimulation through the modulating function 
of various ligands activating ion channels, were already 
described in the 1980s and 90s. These steroids also act 
as transcription factors. For this reason their activity has 
been studied in psychological and neurological disorders, 
mostly in depressive and anxiety disorders, reactions to 
stress, premenstrual tension, epilepsy, alcoholism, and 
in cognitive function disorders including Alzheimer’s 
disease.

NEUROACTIVE STEROIDS AND DEPRESSION

It has been demonstrated that neurosteroids play a 
large role in the onset, course, and treatment of depres-
sion. In animal models, it has been shown that admin-
istering the antidepressant fluoxetine, a member of the 
class of selective serotonin reuptake inhibitors (SSRI), 
markedly increases allopregnanolone levels in the brain1. 
In contrast, in animals with induced depressive symptoms 
directly given allopregnanolone, the symptoms of depres-
sion lessened2. Severe depression in people is associated 
with lowered brain levels of allopregnanolone and simulta-
neously increased levels of tetrahydrodeoxycorticosterone 
(THDOC), and treatment with fluoxetine increases the 
levels of allopregnanolone3. SSRI-type antidepressants 
likely increase the levels of allopregnanolone through the 
activation of enzymes involved in the synthesis of 3-alpha-
reducing neurosteroids4.

It is also surmised that the additional neurosteroids: 
dehydroepiandrosterone (DHEA), dehydroepiandros-
terone sulfate (DHEAS), and pregnenalone sulfate (PS) 
have antidepressant effects in humans and in animal mod-
els. Clinical studies have not been unequivocal however, 
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and DHEA is not recommended for treating depression 
or for augmenting antidepressant therapy according to 
evidence-based medicine. Even the brain concentration 
levels of DHEA in depressive patients are equivocal.

A very important discovery was that neurosteroids 
may change the excitability of neuronal interactions with 
specific neurotransmitter receptors. Most attention has 
been given to the receptor for gamma-aminobutyric acid 
receptor (GABA) type GABAA, an ionotropic recep-
tor associated with a chloride ion channel. After ligand 
binding, GABA leads to hyperexcitation of the neuronal 
membrane, preventing further stimulation. GABAA recep-
tors are inhibitory, but the GABA system is not always 
inhibitory. In the fetus, it is stimulatory. These receptors 
are created from various subunits (alpha, beta, gamma, 
and others). The chloride channel is made of a combina-
tion of five subunits. The binding site for GABA is be-
tween subunits alpha and beta. The GABAA receptor is 
allosterically influenced by various types of substances. 
Benzodiazepines interact with the combination of sub-
units (alpha1)2 (beta2)2 gamma2, and with other combi-
nations5,6. In addition to benzodiazepine, the Z hypnotics 
(zolpidem, zopislon, zaleplon, etc) also bind to this site. 
Other allosteric sites, working at the level of the chlo-
ride channel, are the barbiturate site, where barbiturates 
bind, the site for general anesthesia, where for instance 
propotil, steroids, halotan and ethylalcohol bind, and the 
so called picrotoxin site, where for instance the agonist 
clomethiazol binds.

Some neurosteroids act as substances modulating 
the GABAA receptors, binding to these receptors allo-
sterically. Dehydroepiandrosterone (DHEA), which is 
synthesized in brain astrocytes and elsewhere, has an an-
tagonistic effect on GABAA. It improves memory, length-
ens REM sleep (during which long-term memories are 
stored). Decreased levels of DHEA are generally found 
in depressed patients, and its administration improves the 
symptoms of depression and cognitive function7,8. Similar 
effects have been found for dehydroepiandrosterone sul-
fate (DHEAS).

Severe depression in humans is characterized by 
an imbalance in endogen neurosteroids. The levels of 
allopregnanolone and some other alpha-reduced nu-
erosteroids are reduced in the brain fluid as well as the 
plasma. Allopregnenolone is an allosteric modulator of 
the GABAA receptor. It has been shown that modulation 
of the GABAA receptor has great importance for the on-
set of depression and for its treatment. Some synthetic 
neurosteroids will likely be used as new antidepressants9.

POST-PARTUM MENTAL DISORDERS

Post-partum mental disorders (PPMD) occur in some 
form in more than half of women. In most cases these 
are temporary, without long-term negative consequences. 
However, there remain a relatively significant proportion 
of women for whom the complications lead to aftereffects 
for themselves and even for their children. Some of these 

negative effects can appear with a significant delay, even 
in puberty or adulthood. In the most serious cases, mental 
disorders associated with the end of pregnancy can lead 
to tragic consequences, including suicide of the mother 
or infanticide. In any case, post-partum mental disorders 
are a significant risk to the health of the mother and child, 
and dealing with these disorders has long been a strain on 
health and social systems.

PPMD can be divided into three categories: Post-
partum blues (PPB) occurs in 50-70% of mothers and 
usually disappears by itself within a week without the need 
for specific therapy. Mothers suffering from PPB experi-
ence a temporary phase of emotional weakness around 
the second to fifth day after birth. This temporary psy-
chopathological PPB is similar to premenstrual tension, 
with irritability being the main symptom. In fact PPB is 
not depression, but a sudden and unexpected fluctuation 
in mood including anxiety, discouragement, perplexity, 
lack of concentration, and forgetfulness. The etiology of 
PPB has not yet been elucidated, though many hypotheses 
have been proposed10.

Post-partum depression (PPD), occurring in 10-15% 
of births, is a significant depressive state occurring most 
frequently between the fourth and sixth week of preg-
nancy11. It is estimated that almost half of these cases go 
undocumented. PPD manifests as symptoms of depres-
sive moods, sleep disorders, anxiety, loss of interest and 
psychological imbalance, feelings of guilt, even suicidal 
thoughts12. Post-partum psychosis (PPP) (occurrence of 
about 0.1-0.2%) is most often the result of bipolar and 
schizophrenic disorders. They require hospitalization due 
to the risk of suicide or infanticide12.

CORTICOTROPIN-RELEASING HORMONE AND 
POST-PARTUM DEPRESSION

Despite the existence of some hypotheses, there is 
no current generally accepted theory of the causes and 
mechanisms of post-partum mental disorders13-15. The 
separation of the placenta and the fetal compartment of 
the fetal adrenal gland likely plays an important role in 
the mechanism of PPMD, since they are the main sources 
of corticotropin-releasing hormone (CRH) and steroids 
during pregnancy. CRH has been identified in various 
organs and systems including the immune system and re-
productive systems of both sexes. CRH immunoreactivity 
has been documented in peripheral sites of inflammation, 
the ovaries, endometrium, placenta, deciduum, and testes. 
In addition, CRH plays a direct immunomodulatory role 
as an autocrine/paracrine mediator of inflammation, and 
regulates reproductive functions including inflammatory 
components, such as ovulation, luteolysis, decidualiza-
tion, and implantation. Placental CRG thus influences the 
physiology of pregnancy and the onset of birth16.

CRH is primarily a regulator of the hypothalamo-hy-
pophyseal-adrenal axis (HPA), which is closely associated 
with stress. The activity of HPA is markedly increased in 
patients with depression. Various related hypothalamic 
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peptidergic systems have close connections to the symp-
toms of depression. Increased production of vasopressin, 
which further stimulates the release of ACTH induced 
CRH in depression and which has been colocalized in 
neurons producing CRH and neuronal nucleus supraopti-
cus (SON), are associated with suicide risk. The increased 
activity of oxytocin producing neurons in the paraventric-
ular nucleus (PVN) can be related with disorders in food 
intake. On the other hand, the suprachiasmatic nucleus 
(SCN), which functions as a biological clock of the brain, 
shows lowered production of vasopressin in depression, 
which could explain sleep problems in depressed patients 
as well as play a role in the marked activation of CRH 
(ref.17).

STEROIDS AND POST-PARTUM DEPRESSION

When the placenta is discharged during birth, the 
source of almost all pregnancy CRH and placental ste-
roids, i.e. estrogen, progesterone, and its neuroactive 
reduced metabolites, is also removed. In addition, the 
source of precursors to placental steroids, the fetal zone 
of the fetal adrenal gland, is also removed. The most 
abundant pregnancy 3β-hydroxy-5-en steroids produced 
here, i.e. pregnenolone sulfate a dehydroepiandrosterone 
sulfate, are also neuroactive steroids. Long-term extreme 
increased levels of neuroinhibitory pregnane steroids in 
the periphery evidently lead to their more intense penetra-
tion across the hematoencephalic barrier to the central 
nervous system (CNS), where they induce negative com-
pensation mechanisms, consisting of lowered affinity of 
the GABAA receptor for neuroinhibitory pregnane ste-
roids. The CNS is able to produce a certain amount of its 
own neuroactive steroids18, but despite this, a decrease in 
the levels of peripheral steroids could produce a sudden 
deficit of neuroinhibitory steroids acting mainly through 
the modulation of GABAA-r. The question remains how 
quickly can ionotropic receptors in the brain adapt to the 
significantly lowered influx of steroid modulators from 
the periphery, and whether possible defects in this syn-
chronization may be related to manifestation of PPMD, 
as some studies have indicated19. Other studies have found 
increased prenatal levels of progesterone in women with 
PPD compared to controls, and a quicker decrease in 
these levels to levels comparable20 or even lower21 than 
controls. 

Neuroinhibitory pregnane steroids may also mediate 
the inhibition of 5-hydroxy-tryptamine neurons through 
modulation of the GABAA-r, which could be significant 
for the relationships of changes in mood to changes in 
reproductive hormones, such as in PPD (ref.22). They are 
also increased along with the amount of dopamine re-
leased in the nucleus accumbens, and thus likely influence 
mood and motivation23.

There currently exists only one study on the re-
lationship between pregnane steroids and PPMD. 
Allopregnanolone, progesterone, cortisol, prolactin and 
estradiol were measured in 40 healthy primiparas after the 

birth of healthy children. On the same day, each volunteer 
answered the “Hamilton Rating Scale for Depression” 
questionnaire for psychometric evaluation and the “Stein 
Questionnaire” for symptoms of PPB (ref.24). 18 women 
(45%) were evaluated as being PPB positive. These wom-
en had lowered levels of allopregnanolone, though the 
corresponding differences in progesterone levels were not 
statistically significant. The levels of progesterone were 
correlated in PPB-negative women, though not in PPB-
positive. There was a significant negative correlation 
found between Hamilton score and levels of allopregnano-
lone and progesterone24.

In addition to progesterone and its neuroactive me-
tabolites, estrogen can also be associated with the etiol-
ogy of PPMD. Estrogens influence the mental state of 
memory through classical monoamine and neurotrans-
mitter receptor mechanisms in the brain, and low levels 
of estrogens are associated with PPD. Furthermore, es-
trogens stimulate an increase in dopamine receptors, and 
increase the density of 5-hydroxy-tryptamine binding sites 
in brain regions controlling mood, mental status, cognitive 
functions, emotions and behavior. 

In rodents, estrogens also stimulate the expression 
of the arginine-vasopressin gene in the stria terminalis, a 
region storing social and olfactory memories. Described 
mechanisms indicate the protective role of estrogens25, 
which has been supported by their success in the treat-
ment of women with PPD (ref.26,27), as well as the nega-
tive effects observed when estrogen applications were 
interupted in studies of women28.

Results from one study show a drop in the activity of 
brain cortical sulfatase and growth in the concentration 
of DHEAS in this brain region after suddenly ending es-
tradiol in rats, which could lead to depressed activity in 
GABAA-r. The authors speculate on the relevance of this 
phenomenon to PPMD (ref.29).

The role of estrogen in the development of post-par-
tum depression has led to considerations of its use in treat-
ments. Ahokas et al. tried giving estrogen substitution to 
women with PPD who were hypogonadal. After one week, 
depressive symptoms were reduced by half30. Gregoire et 
al. undertook a placebo-controlled study, in which women 
with PPD were given transdermal 17β-estradiol (200 ug 
daily) and cyclic dydrogestenone (10 mg per day, 12 days 
per month), or a placebo. After a month of treatment 
the women taking estrogens had a four-fold reduction in 
depressive symptoms compared to those taking the pla-
cebo31. Due to a lack of experience, however, estrogen 
substitution is considered a complimentary method to 
conventional treatments with anti-depressives. The results 
of studies so far indicate that the response to estrogen 
substitution is rapid, with minimal side-effects, and mini-
mal transfer to mother’s milk, giving hope for the role of 
estrogens in the treatment of PPD (ref.32).
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CONCLUSIONS

The etiology of post-partum depression is as yet un-
known. It is clear that it is a multifactorial disease, with 
various internal and external factors playing a role. 
Despite several hypotheses, there is no generally accept-
ed theory on the causes and mechanisms of post-partum 
mental disorders. It is probable however, that the process 
is associated with sudden changes in the production of 
hormones influencing the nervous system, and on the 
other hand the ability of the receptor system to adapt to 
these changes. The relative concentrations of hormones, 
rather than their absolute levels, is likely most important.
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