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Previous scientific evidence has shown a relationship between hormones and the onset and relapse of perinatal psychotic disorders (PPD) in women during pregnancy, childbirth, and the postpartum period. In healthy women the interaction between hormones and cognitive changes has been confirmed mainly in memory, attention, and executive function during pregnancy and postpartum, which respond to adaptive demands related to parenting tasks. In women with psychotic episodes there is a significant impairment in several cognitive functions, but studies of the perinatal period are limited. The objective of this mini review is to analyze the main findings to identify whether hormonal changes interact with the onset of PPD and cognitive impairment in perinatal women. The studies included samples of women with psychosis, risk of developing psychosis, bipolar psychosis, schizoaffective psychosis, and psychotic symptoms, during pregnancy and postpartum. Findings contributed to knowledge about five hypotheses regarding the relationship between hormones in the perinatal period and the appearance of PPD. Nevertheless, this review did not find reports of evidence of a relationship between hormonal production and cognitive function among women with clinically diagnosed PPD, suggesting a research gap. Clinical implications of assessing hormonal production and cognitive function in PPD are discussed. Although the evidence identified is scarce and heterogeneous, the findings call for further research with clinical samples on the role of hormones in perinatal psychotic disorders, especially as they relate to the study of cognition. This will promote more consistent evidence and understanding of PPD etiopathology that can guide early and effective multidisciplinary interventions.
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Introduction

The perinatal period is characterized by important hormonal changes. During pregnancy, there is an increase in levels of estrogen, progesterone, human placental lactogen, and human chorionic hormone (1). An increase in oxytocin triggers labor; it remains elevated during childcare and is an important factor in the mother-infant bonding. The level of estrogen declines after childbirth, and prolactin increases with lactation (1). These changes have effects in mood, cognition (2), and mental health related to “baby blues,” perinatal depression (1), and perinatal psychosis, the least studied of such phenomena.

The prevalence of schizophrenia is similar in men and women, but its expression is different. Women have greater premorbid functioning, different symptomatology, and a better course of illness (3). Postpartum psychosis (PP) affects behavior, mood, and cognition; its prevalence is 1–2 per 1,000 women (4), and its etiopathology is still unclear (5). It presents risks to the mother and baby, with a high risk of suicide, neglect of the infant, and, to a lesser extent, infanticide (6). Studies have explored hypotheses regarding the role of estrogen (6–8), thyroid hormones (9, 10), and cortisol (11) in the appearance of perinatal psychotic disorders (PPD) and such disorders outside the perinatal period. Estrogen has been reported to have a protective effect due to its action on the main brain neurotransmitters (dopamine, serotonin, and glutamate). Its alteration is associated with cognitive deficits, pathophysiology, and psychiatric disorder symptoms (12, 13).

Cognitive changes have been reported in healthy women during and after pregnancy, especially deficits in verbal learning and memory (2). Studies have found significant alterations in verbal fluency, sustained attention, alertness, verbal working memory, and social cognition after first psychotic episodes (14), although there has been less attention to the perinatal period.

The objective of this mini review is to identify whether hormonal changes interact with the onset of PPD and cognitive impairment in perinatal women.



Search strategy

A search was conducted for empirical studies that analyzed hormones and their relationship with PPD and cognition in women, published in English and Spanish in the following databases through June 2023: PsycInfo, Medline, PsycArticle, ScienceDirect, SciELO, and Redalyc. The search keywords were psychosis, hormones, pregnancy, parturition, postpartum period, and cognition/cognitive. A complementary search was performed for similar studies in Research Gate and in the references listed in the publications identified. Inclusion criteria incorporated studies of women with psychosis, risk of developing psychosis, bipolar psychosis, schizoaffective psychosis, and psychotic symptoms during pregnancy and the first year of postpartum. Animal trials, case reports, case series, and review articles were excluded. A total of 133 studies were found, and 14 empirical studies met the inclusion criteria (Figure 1).


[image: Figure 1]
FIGURE 1
 Mini review flowchart.




Results

The findings contributed to knowledge mainly about the relationship between hormones in the perinatal period and the appearance of PPD. Little evidence was reported of a relationship between hormonal changes and cognitive function in perinatal women with psychosis.

Next, we present an analysis of the hypotheses suggested by the studies and the clinical implications of the evidence.


Hormonal production and its relationship with the appearance of PPD

Findings of 14 studies (4, 13, 15–26) included five hypotheses regarding the relationship between hormones and the presence of PPD (Table 1): (H-I) changes in dopamine receptors, (H-II) increase in cortisol, (H-III) changes in estrogen levels, (H-IV) presence of thyroid dysfunction, and (H-V) decrease in oxytocin.


TABLE 1 Studies evaluating the relationship between hormones and presence, or risk of PPD organized by hypotheses*.
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An increase in dopaminergic response is associated with the presence of psychosis and schizophrenia in men and women (27). This first hypothesis is explored in three studies (15–17) with the application of subcutaneous doses of the dopamine agonist apomorphine and the measurement of its effect on postpartum growth hormone (GH). Two studies analyzed whether the secretion of GH in greater quantities was related to effective binding of apomorphine in the dopaminergic receptors in the perinatal period. The first study (15) evaluated pregnant women: 29 at risk of postpartum psychosis (RPP) and a control group of 47. Fifteen participants from each group were selected for hormone testing and a dose of apomorphine on the fourth day postpartum. Eight of the 15 with RPP presented a relapse and a greater response of GH to apomorphine than the control group and the other seven women with RPP, suggesting that PPD is associated with greater sensitivity of the hypothalamic receptors and possible other regions of the brain.

A second study (16) evaluated ten mothers with high RPP (histories of manic psychosis) and compared them to mothers not at risk. They received three doses of apomorphine in the postpartum, and their progesterone, estradiol, and prolactin were measured. In contrast to the first study (15), no marker of GH response or any hormone was identified for the development of PPD. A third study (17) explored the role of the hypothalamic dopaminergic receptors by evaluating the GH response to apomorphine in the follicular and luteal phases of the menstrual cycle, comparing the effects in eight women who had recovered from postpartum bipolar psychotic episodes with those in nine women not at risk for PPD. This study identified a significant increase in the area under the curve of GH concentration after luteal phase administration of apomorphine in women with bipolar psychoses, suggesting a possible biological marker for the disorder, but one that must be considered with caution given the small sample size.

The second hypothesis posits the influence of cortisol in the appearance of psychosis (11) with a stress-vulnerability model analyzed by three studies (18–20). Buckwalter et al. (18) studied the relationship of mood, cortisol, and various hormones in 19 healthy women in pregnancy and postpartum. During pregnancy, dehydroepiandrosterone (DHEA), progesterone and testosterone were correlated with psychotic symptoms but not blood cortisol, though this was correlated with other aspects of mood. After childbirth, neither estradiol, progesterone, nor cortisol were correlated with any of the tests of mood. The study concluded that steroid hormones appear to play a role in psychotic symptoms during and after pregnancy, although it did not include participants with diagnosed mental disorders.

Aas et al. (19) studied the effect of cortisol and immunological markers associated with psychotic episodes in 14 women with RPP and with postpartum psychosis (PP), as compared with 26 healthy women. They found that women with PP had higher levels of cortisol 30 min after waking in the morning than those in the control group. The level of high-sensitivity C-reactive protein (hsCRP) was greater in women with PP, and they presented hypothalamic-hypophyseal-adrenal hyperactivity associated with a greater frequency of recent stress events, greater perceived stress, higher diurnal levels of cortisol and hsCRP than the control group. Hazelgrove et al. (20) had similar findings with a group of 51 women with RPP, of whom 22 had relapses. They measured cortisol in saliva, inflammatory blood markers, and psychosocial stress (severe child abuse and stressful life events). The group with PP relapses showed diurnal cortisol levels greater than those in the healthy group, and there were no differences between groups in inflammatory markers (IL-1β, IL-2, IL-6, IL-8, TNFα, VEGF, EGF, and hsCRP). Severe child abuse and high cortisol level in the third trimester of pregnancy predicted relapse at 4 weeks postpartum in women with RPP, after adjustment for clinical and sociodemographic covariables. Both studies (19, 20) supported the hypothesis of a relationship between elevated cortisol levels and the appearance of PP, and their association of stressful life events during postpartum also allows for direct inferences between variations in cortisol and RPP.

The third hypothesis proposes a relationship between variations in estrogen levels and the appearance of PPD, with six studies presenting contrasting evidence (13, 18, 21–24). Estradiol was not associated with postpartum psychotic symptoms in healthy mothers (18). Another study (21) examined the frequency of previously reported (28) four genetic variations of the estrogen receptor alpha (ERa) implicated in the appearance of PP. A mapping of 231 persons with bipolar disorder included 112 mothers who had a postpartum psychotic episode and 50 healthy mothers. The results showed no evidence that a variation in ERa was involved in the etiology of bipolar disorder or in the precipitation of perinatal psychotic bipolar episodes. Three studies analyzed the effect of estrogen treatment in preventing or reducing PPD episodes (13, 22, 23). One study (22) evaluated whether 4-week sublingual estradiol treatment reduced symptoms of depression and psychosis in ten women with postpartum depression and four with PP, and whether it affected levels of allopregnanolone and progesterone. Contrary to expectations, levels of allopregnanolone were reduced during treatment. None of the steroids investigated was associated with psychiatric symptoms before or after the women's mood was stabilized. A second study (13) presented evidence of a satisfactory response to treatment with sublingual 17β-estradiol in 10 women with PP, in whom estrogen deficiency was documented before treatment. The increase in blood estradiol levels in the first week of treatment was accompanied by a rapid and significant decrease in psychiatric symptoms, which practically disappeared in week 2, except for one woman who discontinued treatment. A third study (23) reported that treatment with transdermal 17β-estradiol at three different doses was not sufficient to achieve a prophylactic or therapeutic effect in 29 pregnant women with a history of psychosis and a high risk of relapse in postpartum, 12 of whom relapsed despite starting treatment within 48 h of birth. More recently, Khedr et al. (24) identified significantly lower levels of estrogen in 60 women with PP. The estrogen levels correlated negatively with the total score on the Psychiatric Rating Scale.

The fourth hypothesis relates to the influence of thyroid hormones on the appearance of PP and is reported in three studies (4, 24, 25). Khedr et al. (24) besides estrogen, also evaluated progesterone, and the thyroid hormones T3, T4, and TSH as factors in the appearance of PP in 60 women at 4 weeks postpartum. They found a greater proportion of thyroid dysfunction (18%) and the presence of transient thyroid dysfunction in women with PP. Bergink et al. (25) analyzed thyroid-stimulating hormone (TSH) and free thyroxine in 31 primiparous women with PP, comparing them with a control group of 177 healthy women. At 4 weeks postpartum they found that 19% of the women with PP developed autoimmune thyroid disease (AITD), vs. 5% of the control group, suggesting that this disease could be a risk factor for developing PP. A previous study (4) evaluated the thyroid hypothesis and the adrenal glands hypothesis (cortisol) about the etiology of PP. They recorded levels of sex hormones [prolactin, follicle-stimulating hormone, luteinizing hormone, and dehydroepiandrosterone (DHEA) sulfate] in the blood of 23 women with PP and 30 healthy postpartum women. Only the free T3 hormone showed significantly lower levels in the group with PP, but within normal levels in both groups. The authors suggest that there is a secondary thyroid effect in psychotic episodes, strengthening the hypothesis of a relationship between PP and thyroid alteration, vs. a possible causal association. These findings support the idea that psychotic episodes may interfere with the functioning of the hypothalamus-pituitary-thyroid axis, provoking a non-thyroid illness as a response to the underlying acute psychopathological process (4, 24).

The fifth and most recent hypothesis suggests a reduction in levels of oxytocin, in comparison to normal values in women with PPD, which was based on previous evidence from non-perinatal samples (29, 30). Only one study (26) met the criteria in our search. A non-perinatal study (29) found low levels of oxytocin in patients with a first psychotic episode, highlighting that increasing it can lessen alterations of mood and social cognition. Another study (30) reported that during menopause, lower levels of oxytocin in women with schizophrenia are associated with more severe psychiatric symptoms. However, the only study identified that focused on the perinatal period (26) did not support this hypothesis, which analyzed the expression of genes, proteins, oxytocin, arginine vasopressin (AVP), and their respective receptors in the placental tissue of 22 pregnant women after a first psychotic episode, in comparison with 20 healthy pregnant women. Those who had experienced the psychotic episode showed greater gene and protein expression of oxytocin and AVP and their receptors.



Hormonal production and its cognitive effects on women with PPD

Only one study reported that hormones were related with cognition and perinatal psychotic symptoms in a healthy sample (18). Buckwalter et al. (18) measured serum levels of estradiol, progesterone, testosterone, cortisol, and DHEA, as well as cognitive processes, mood, and psychiatric symptoms in 19 healthy women 2 months before and after childbirth. During pregnancy, high levels of DHEA were associated with better visuospatial performance, verbal episodic memory, attention, better mood, and fewer psychotic symptoms. High cortisol was related to less perseverance in verbal learning. High progesterone correlated with psychotic symptoms and confusion. In the postpartum, high DHEA and cortisol were related with better cognitive performance. The decrease in DHEA after childbirth was associated with an increase in affective disorders and the increase of testosterone contributed to a worse mood, depression, and hostility. Cognitive deficits were greater during pregnancy regardless of mood, suggesting that extremely high levels of steroid hormones negatively affect cognition and mood, in addition to other perinatal factors. Although it has not been documented during pregnancy, cholinergic dysfunction would be consistent with the findings of this study.

Results from two studies located outside the initial search can indirectly suggest a relationship between hormones, cognition and PPD (31, 32) that requires further exploration. One study (31) in non-perinatal women with (n = 29) and without psychosis (n = 31) proposes that sex hormones have an activating effect on brain function during the menstrual cycle, and that circulating levels of estrogen in the brain influence cognition. Another study (32) identified that pregnant women who developed PP showed greater connectivity in the right dorsolateral prefrontal cortex and the ipsilateral middle temporal gyrus than the control group although significant differences between the groups were not identified.



Clinical implications and intervention

The findings of the studies reviewed suggest the involvement of hormones in PPD and a relationship with cognitive deficits in healthy and non-perinatal samples, where exposure to psychosocial factors increases risk (19, 20). Interventions should seek improvement in mood and cognition to optimize decision making, learning, social cognition, and self-care, through promoting social support, sleep quality and strategies to reduce stress associated with affective and behavioral tasks related to the mother-child relationship.

There is evidence that during pregnancy a reduction in the gray matter of areas in the brain that involve social cognition relates with adaptive demands of motherhood (33). The findings are controversial as to whether pregnancy has negative consequences on brain physiology for middle-aged and older women by affecting the brain's response (plasticity or inflammation) (34). In postpartum depression, inflammation and oxidative stress can negatively affect neurons and promote degeneration (35). Therefore, cognitive assessments throughout the perinatal period could be useful for mothers at risk of PPD and severe perinatal mental health disorders.

The hypotheses analyzed provide some evidence on the effectiveness of hormonal treatments coupled with customary pharmaceutical approaches (antipsychotics, mood stabilizers), electroshock therapy (36–38), psychological and psychoeducational therapy, and family and institutional support (3). Nevertheless, caution is suggested since the evidence for them is not conclusive (36). The findings show a positive mood and cognitive impact of oxytocin (39, 40) and estradiol (13), but with emotional side effects (39).

Bolton (41) proposes the 4P model for care, which considers predisposing, precipitating, perpetuating, and protective factors where hormonal follow-up during the perinatal period in women at risk could help early identification of drastic changes related with the development of PPD and reduce its severity and/or relapses. Such follow-up would also allow for early intervention to minimize cognitive negative symptoms of the PPD and promote the affective and cognitive recovery of women with diverse clinical profiles of the perinatal psychotic disorders.




Conclusions

There is evidence that suggests that hormones in women interact with PPD in the perinatal period. However, the evidence is insufficient about the relationship between hormones, PPD and cognitive impairments.

The findings regarding that hormones play a role in the appearance of PPD, suggested five hypotheses. Consistent evidence was found for three of those hypotheses: H-I, greater sensitivity of the hypothalamic receptors with an increased dopaminergic response; H-II, a stress-vulnerability model with elevated cortisol levels is related with PPD; H-IV, a relationship between PP and a thyroid dysfunction secondary to psychotic episodes. However, inconsistent findings were reported for the third and fifth hypotheses, suggesting caution and further exploration. The H-III, regarding a protective effect of estrogen, was only supported by two of six studies, although low estrogen levels have been associated with non-perinatal psychosis. The H-V, a decrease in oxytocin, was not associated with PPD in the only study identified by the search and reported increased expression of oxytocin in the placental tissue of pregnant women with the first episode of psychosis. Differences in methodologies, the heterogeneity of PPD, with the inclusion in the samples of women with risk for PPD and small sample sizes, as well as differences in methods of hormonal assessment limit the consistency of these findings. However, advances in the different hypotheses call for continued research to clarify the role of hormones in PPD in women and how that differs from non-perinatal psychotic disorders.

No studies reported about the role of hormones in cognition in women with clinically diagnosed PPD, and only one studied that role in a healthy sample. This represents an important research gap and highlights the need to distinguish between perinatal cognitive adaptive changes and pathological changes in the psychotic spectrum and the role of hormones on these processes. Longitudinal studies of primiparous mothers with clinically diagnosed PPD episodes conducted to observe the development of hormonal and cognitive changes could result in more consistent findings that can guide early treatment to minimize risk for mothers with PPD and their families. Finally, it is important that future studies include how these variables might interact with previous and current stressful life events, to provide a comprehensive biopsychosocial approach for the design of effective evidence-based multidisciplinary treatments.
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Hypothesis |: Changes in

PPD group

dopamine receptors.

Control group

Measurements of
hormones/others

Wieck etal. (15)
England

Subsample of 15 pregnant women with
previous history of psychosis (risk
group).

Subsample of 15 pregnant women.

GH (blood) response to a subcutaneous injection
of APO to observe the sensitivity of DA receptors
on postpartum day 4.

Eight women from the PP risk group relapsed with
ahigher GH concentration in response to APO
than those who did not relapse.

Meakin et al. (16)
England

Subsample of 10 women at high risk of
developing PP.

Subsample of 34 healthy multiparous
women.

GH reaction to subcutaneous injection of APO to
assess dopamine receptor sensitivity on days 4/5,
11/12 and 6 weeks postpartum. Serum total GH,
progesterone, estradiol, and prolactin
measurements.

No identified markers for the development of
postpartum psychosis, neither in GH response to
APO dose nor in circulating hormones.

Wieck et al. (17)
England

Eight women recovered from a
postpartum bipolar psychotic episode.

Nine women without psychiatric
history.

GH response to APO injection to assess dopamine
receptor sensitivity, after recovery from a
psychotic episode in follicular and luteal phase.

Increase in GH concentration after APO
administration in the luteal phase in women with
a history of bipolar psychosis.

Hypothesis II: Increase in

cortisol.

Aasetal. (19)
England

14 women with PP and 16 at risk of PP
(history of bipolar or schizoaffective
psychosis).

26 healthy women recruited from
perinatal services.

Cortisol in saliva. They also measured several
immunological markers in blood, including
hs-CRP, TNFa, IL-4; IL-6.

‘Women with PP had higher cortisol levels at

30 min after waking than control participants.
Hs-CRP was also higher in women with PP than in
those at risk and in controls.

Hazelgrove et al. (20)
England

51 women at risk of PP from pregnancy
to postpartum.

61 healthy women, from pregnancy to
postpartum.

Cortisol in saliva and inflammatory markers in
blood: IL-1p, IL-2, IL-6, IL-8, TNFo, VEGE EGF
or hsCRP.

At 4 weeks postpartum, 22 women in the high-risk
PP group relapsed. Logistic regression analysis
indicated that severe childhood maltreatment and
high cortisol levels in the third trimester of
pregnancy were predictors of a relapse.

Ahokas etal. (13)
Finland

Hypothesis Ill: Changes in estrogen levels.

10 women with PP.

Without a control group (each woman
acted as her own control).

Serum estradiol concentration from morning
blood samples between 7 and 9 am before the first
17B-estradiol sublingual dose and weekly during 6
weeks of treatment.

Baseline levels of estradiol were lower than the
threshold value for gonadal failure in all patients.
During treatment the levels increased in nearly all
women, and they approached the values normally
found during follicular phase. Psychotic symptoms
almost disappeared in week 2 of treatment.

Kumar etal. (23)
United Kingdom

12 pregnant women with hypomania,
‘mania or schizoaffective disorder who
relapsed after childbirth.

17 pregnant women with hypomania,
mania, or schizoaffective disorder
without relapses after childbirth.

Three transdermal dose regimens of estrogen
17p-estradiol in three doses: 200, 400, and 800
g/day. Fourth day after starting estradiol therapy
(before relapse occurred), it was measured the
sensitivity of the tubero-infundibular and
dopaminergic system (plasma prolactin and GH
response to APO).

Estradiol at all doses did not reduce the rate of
relapse. No differences in neuroendocrine
responses to apomorphine were detected between
women receiving the high-dose and the
lower-dose regimens.

Middle et al. (21)
England

231 persons with bipolar psychosis.
Subsample of parous women, 112 with a
postpartum episode and 50 without
episode.

110 non-psychiatric participants (32
men 78 women).

Variations of the ERa gene.

Did not find involvement of any ERa variations in
the etiology of bipolar disorder or postpartum
psychotic bipolar episodes.

Bendix et al. (22)
Finland

10 women with PD and 4 PP.

28 women in postpartum.

Blood measurement, before and after sublingual
estradiol dose. Measurement of allopregnanolone,
progesterone, and the ratio of allopregnanolone to
progesterone.

Allopregnanolone decreased during estradiol
treatment. None of the investigated steroids
(allopregnanolone, progesterone, estradiol) were
associated with psychiatric symptoms before or
after mood stabilization.

Hypothesis IV: Presence of thyroid dysfunction.

Bergink et al. (25)
Netherlands

31 primiparous women with PP.

Hypothesis V: Decrease in oxytocin.

117 pregnant women with postpartum
follow-up.

Thyroid hormones (TSH and free thyroxine) in
blood. Antithyroid peroxidase antibodies to detect
ATID.

At 4 weeks postpartum, 19% of women with PP
were identified as having ATID, compared to 5%
of control participants.

Ortega etal. (26)
Spain

22 women with a first episode of
psychosis during pregnancy.

20 healthy pregnant women.

Expression of genes and proteins for oxytocin,
oxytocin receptor, vasopressin, and vasopressin
receptor in placental tissue.

Women who had a first episode of psychosis
during pregnancy showed increased gene and
protein expression of oxytocin, vasopressin, and
their receptors. This placental increase is
explained as a compensatory effect.

Two hypotheses

Buckwalter et al. (18)
USA
Hypothesis I and 11T

Isik etal. (4)
Tiirkiye
Hypothesis Il and IV

No group.

23 hospitalized women with PP.

19 pregnant women with postpartum
follow-up.

30 age-matched control women.

Serum levels of estradiol, progesterone,
testosterone, DHEA, and cortisol. Two
evaluations, 2 months before and 2 months after
delivery. This is the only study that also evaluated
cognitive processes.

TSH, free T4, free T3, cortisol, and other sex
hormones (prolactin, FSH, LH, and DHEAS in
blood).

During pregnancy, DHEA, progesterone, and
testosterone correlated with psychotic symptoms,
but not with cortisol. After delivery, neither
estradiol, progesterone nor cortisol correlated with
psychotic symptoms in mood measures.

Functional T3 levels were significantly lower in the
PP group than in the control group. No significant
differences were found in the other measured
hormones.

Khedr et al. (24)

Egypt
Hypothesis Il and IV

60 women with PP.

30 women without PP.

Measured levels of estrogen, progesterone, and
thyroid hormones T3 free, T4, and TSH

A higher percentage of thyroid dysfunction (18%)
and a significantly lower mean estrogen level were
recorded in women with PP, as well as estrogen
levels correlated with the total score of the
Psychiatric Rating Scale.

*The articles are presented by hypothesis, and three of them studied two hypotheses simultaneously. PPD, Perinatal Psychotic Disorders; PP, Postpartum psychosis; GH, Growth hormone; APO, Apomorphine; DA, Dopamine; hs-CRP, High-sensitivity C-reactive
protein; TNFer, Tumor Necrosis Factor; IL, Interleukin; VEGE Vascular Endothelial Growth Factor; EGE, Epidermal Growth Factor; ERe, Estrogen receptor alpha; PD, Postpartum depression; TSH, Thyroid-stimulating hormone; ATID, Autoimmune thyroid disease;
DHEA, Dehydroepiandrosterone; T3, Triiodothyronine; T4, levothyroxine; FSH, follicle-stimulating hormone; LH, Luteinizing hormone; DHEAS, sulfate of DHEA.
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