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Abstract. This literature review is devoted to the issue of studying the pathophysiological mechanisms of postpartum
affective disorders, one of which is postpartum depression. The difficulties of classifying mental disorders of pregnancy
and after childbirth are considered, in particular, the presence of postpartum obsessive-compulsive disorder, postpartum
panic disorder, posttraumatic stress disorder associated with pregnancy and childbirth is reported, the term “perinatal
grief”, “posttraumatic growth”, “posttraumatic potential of reproductive losses” and various other terms and concepts
are considered, which indicates the complexity and ambiguity of classifying mental disorders of pregnancy and
after childbirth. Data from various studies on changes in hormone levels as one of the leading mechanisms for the
development of mental disorders in the postpartum period are presented. The influence of oxytocin and its anxiolytic
effect, as well as the effect of the oxytocin receptor on the development of postpartum affective disorders are considered.
Information is provided on the influence of reproductive hormones on the development of postpartum depression, the
role of the brain-derived neurotrophic factor BDNF is studied. The influence of proinflammatory and anti-inflammatory
cytokines is considered, for example, it is shown that the levels of IL-1B, IL-6, TNFa are increased in patients suffering
from depression, the role of neuroactive steroids is discussed. Studies on the genetic aspect of postpartum affective
disorders, the relationship between the serotonin transporter gene and the development of postpartum depression are
discussed, the role of the estrogen receptor in the development of postpartum affective disorders is considered. Data
are provided on changes in the central nervous system during pregnancy and after childbirth, in particular, changes
in brain structures that affect maternal behavior towards offspring, the medial preoptic area (mPOA), which controls
care and care for offspring, transformations in synapses are considered, and data on changes in the volume of gray
matter of the brain during pregnancy and after childbirth are provided. Considerable attention is paid to the relationship
between sleep disorders and circadian rhythms as a provoking factor in the occurrence of mental disorders during
pregnancy and after childbirth.

Keywords: postpartum depression, postpartum psychosis, pathophysiology of postpartum affective disorders, oxytocin,
allopregnanolone, neuroactive steroids, thyroid hormones, gamma-aminobutyric acid, GABA, BDNF, sleep disorders
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Pestome. [laHHbIn 0630p NuTEpaTYpbl NOCBALLEH BONPOCY U3y4YeHWs NaToM3N0N0rnieckux MexaHu3moB nocnepo-
[0BbIX aPEKTUBHbLIX PACCTPOMCTB, OLHUM U3 KOTOPLIX SBASETCA NocnepooBas genpeccus. PaccmatpusatoTces
CNOXHOCTM KnaccuukaLmu NCMXMYECKnx paccTponcTs nepmoga bepeMeHHOCTH 1 nocsie pofoB, B YaCTHOCTH, CO-
obLiaeTcs 0 HanUuUKM NOCNepPoAoBOro 06cecCnBHO-KOMNYNbLCUBHOMO PacCTPONCTBA, NOCNEPOA0BOr0 NaHNYECKOro
paccTponcTBa, NOCTTPaBMATUYECKOrO CTPECCOBOrO pacCTPONCTBA, CBA3AHHOMO ¢ BEPEMEHHOCTBLIO U pogamu, pac-
cMaTpuBaeTCs TEPMUH «nepuHaTanbHOe ropey, «NoCTTPaBMaTUYECKMIA POCTY, «MOCTTPaBMaTUYECKUI NOTEHLMan
PENPOAYKTUBHBIX NOTEPbY U APYrine PasfnyHbE TEPMUHBI U MOHSATMS, YTO FOBOPUT O CIOXHOCTU W HEOAHO3HAYHOCTM
KnaccuguKaLmm NCUXMYECKUX pacCTpoNCTB nepuoga 6epeMeHHOCTM U nocne poaos. MpruBogATCS AaHHbIE pa3nuny-
HbIX UccnegoBaHuin 06 U3MEHEHUM YPOBHSA TOPMOHOB Kak OAHOM W3 BeAyLyMX MEXaHU3MOB Pa3BUTUS NCUXUYECKNX
paccTpOWCTB NOCIIePOA0BOro nepnoga. PaccmatpmBaeTcs porib OKCUTOLMHA M €10 aHKCUONUTUYECKOro adpdhekTa, a
TakXe BNWSHME OKCUTOLMHOBOIO peLienTopa Ha pa3BuTUe NOCnepooBbiX aeKkTUBHBIX pPacCTPONCTB. M3noxeHa
UHGopMaLms 0 BIMSAHUM PENPOAYKTUBHBIX FOPMOHOB Ha pa3BuUTWeE NOCNEPOLOBON AeNpeccuu, U3yyaeTcs posb
MO3roBoro HempoTtpoduyeckoro aktopa BDNF. PaccmatpuBaetcs BNMsiHMe NPpoOBOCNANNUTENbHbIX U NPOTUBOBOC-
nanuTEnbHbIX LIMTOKMHOB, HaNpuUmep, NokasaHo, YTo noBbIweHbl yposHu IL-1B, IL-6, TNFa y nauneHToB, cTpagato-
LmMx genpeccuen, obcyxaaercs porb HENPOAKTUBHbIX cTeponaoB. O6CyXaanTca UCCnefoBaHus, NOCBSALLEHHbIE
FeHeTUYECKOMY acneKTy nocrnepoaoBbiX apekTUBHbIX pacCTPONCTB, B3aMOCBA3b MEXAY reHOM NepeHocUmKa
CEepPOTOHMHA W pa3BUTUEM NOCNEPOJOBOMN Jenpecchi, paccMaTpUBaETCS posib ACTPOTrEHOBOrO PeLienTopa B passuTim
nocnepoaoBbIx aPGEKTUBHBLIX pacCTPOMCTB. [pUBOAATCS AaHHbIE 00 N3MEHEHUN LIEHTPANbHON HEPBHOW CUCTEMbI B
npouecce 6epeMeHHOCTN 1 Nocne POAOB, B YHaCTHOCTY M3MEHEHUS MO3rOBbIX CTPYKTYP, BASIOLLME HA MAaTEPUHCKOE
noBeAeHWe Mo OTHOLLEHMIO K NOTOMCTBY, MeAnanbHon npeontideckoit obnact (mPOA), koHTponupytoLen 3aboTy u
YXOA 3a NOTOMCTBOM, paccmaTpuBaloTcs npeobpasoBaHns B CUHANCaX, a Takxe NpUBOAATCA LaHHble 00 U3MeHeHNUH
obbema ceporo BeLecTBa rofI0BHOr0 Mo3ra B npouecce 6epeMeHHOCTH 1 nocne pogoB. 3HaYUTENbHOE BHUMaHWe
yOEnseTcs B3aMMOCBSA3N HapYLEHUA CHa U LMpKagHbIX PUTMOB Kak MPoBOLMpYoLEMY hakTopy BOSHUKHOBEHNS
NCUXMYECKNX paccTPoNCTB nepuoaa 6epeMeHHOCTH 1 NOCne POAOB.

KnioueBble cnoBa: nocnepoaoBas genpeccus, nocnepogoBbin NCMX03, NaTogu3nonorus nocnepoaoBbix adPeKTUBHbIX
paccTpONCTB, OKCUTOLMH, annonperHaHonoH, HeMpoakTUBHbIE CTEPONbI, FOPMOHbI LMTOBWUAHON Xenesbl, raMMa-aMMHOMacnsHas
kucnota, TAMK, BDNF, HapyLieHus cHa
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Currently, active research into postpartum affective
disorders is ongoing. For a more detailed understanding
of this nosology, it is necessary to discuss the main post-
partum affective disorders, their prevalence, and clinical
picture [2, 3, 26]. The main classification of postpartum
affective disorders is represented by three nosologies:
postpartum depression, postpartum psychosis, and post-
partum blues.

“BABY BLUES”

Postpartum blues, also known as baby blues and
maternity blues is the most common and widespread
affective postpartum disorder. According to various
sources, 30 to 70% of women experience postpartum
blues. The clinical symptoms of baby blues are mild and
manifest as emotional lability, irritability, feelings of fa-
tigue, mood swings, increased sensitivity, tearfulness,
decreased concentration, and sleep and appetite distur-
bances. This condition usually begins 3-4 days after gi-
ving birth. Postpartum blues can last for several hours or
days, but usually lasts no more than two weeks, resolves
on its own, and does not require specific intervention
or medication. To reduce the symptoms of postpartum
blues, it is necessary to create a comfortable environ-
ment for a mother. A woman should feel cared for, sup-
ported, and compassionate [115].

POSTPARTUM DEPRESSION

Postpartum depression is another condition among
postnatal affective disorders that is more dangerous for
a mother and her infant. It is defined as a major depres-
sive episode with a perinatal onset. Affective symptoms
appear 4-6 weeks after delivery [87]. According to a
number of authors, it is necessary to extend the onset
of affective symptoms to 1 year after delivery in clini-
cal practice [28]. It occurs, according to various data,
in 10-15% of women and on average in 26% of those
who gave birth during adolescence [5, 11, 87, 115].
Postpartum depression can be a continuation of pro-
longed baby blues with intensified clinical symptoms, or
it can develop after a period of clinical well-being and
absence of affective symptoms. Clinically, it manifests
itself as emotional lability, feelings of guilt, tearfulness,
loss of appetite, suicidal thoughts, sleep disturbances,
fatigue, irritability, feelings of inferiority, and an inability
to adequately care for a child. These symptoms must be
present continuously for two weeks and interfere with
the woman's daily life [7, 12, 32, 33, 36, 40, 43, 71, 92,
104, 105, 129, 131].

POSTPARTUM PSYCHOSIS

One of the rarest postpartum affective disorders is
postpartum psychosis. There are 1-2 episodes of post-
partum psychosis per 1,000 births. The first clinical symp-
toms appear 48-72 hours after delivery and can develop
within two weeks after delivery. Clinically, it manifests with
hallucinatory and delusional experiences, pronounced
behavioral disorders, and mood swings from markedly
depressed to elated and vice versa. Such patients re-
quire hospitalization in a psychiatric ward and treatment,
since this condition is very dangerous for a mother and
her infant. In case of timely treatment, clinical symptoms
are relieved, and the woman returns to her normal life.
However, endogenous mental illnesses, such as bipolar
affective disorder or schizophrenia, may develop in future
[115]. Episodes of postpartum psychosis are often asso-
ciated with the manifestation of bipolar affective disorder.
The biological nature of this condition is being examined
at the moment [1, 8, 16, 29, 74].

OTHER TYPES OF POSTPARTUM AFFECTIVE
DISORDERS. CURRENT TERMINOLOGY

Other postpartum affective disorders include postpartum
obsessive-compulsive disorder, eating disorders, postpar-
tum panic disorder, and post-traumatic stress disorder asso-
ciated with pregnancy and childbirth [93, 95, 126]. The lite-
rature also mentions the term “perinatal grief” — the paren-
tal experience associated with the loss of a child as a result
of miscarriage, neonatal loss, or termination of pregnancy
for medical reasons, as well as posttraumatic growth (Post-
traumatic Growth) or post-traumatic potential for reproduc-
tive loss, which is understood as a woman's adaptation after
perinatal loss, acceptance of the loss and the beginning of a
new stage in life, a combination of positive cognitive and be-
havioral changes [44, 83]. “Perinatal grief” is a predictor of
the risk of developing post-traumatic stress disorder associ-
ated with pregnancy and childbirth [44]. There is a separate
group of anxiety disorders associated with pregnancy and
childbirth [49].

Concepts such as postpartum posttraumatic stress
(PTS) are also described, which is subdivided into postpar-
tum posttraumatic stress associated with childbirth (PTS re-
lated to childbirth — PTS-C) and postpartum posttraumatic
stress associated with other events (PTS related to other
stressors — PTS-0), as well as postpartum post-traumatic
stress disorder (PP-PTSD) [9, 57, 87].

N. Helle et al. comducted a study devoted to interac-
tion between post-traumatic stress disorder in parents and
the birth of a premature baby. They report acute stress
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disorder (ASD) and distinguish post-traumatic stress
symptoms (PTSS) separately from post-traumatic stress
disorder [58].

Some researchers distinguish posttraumatic stress dis-
order in the postpartum period, posttraumatic stress disor-
der associated with traumatic childbirth, and posttraumatic
stress disorder in pregnant women, which has been studied
less than manifestations of postpartum posttraumatic stress
disorder [31].

There is a term “peripartum onset” that refers to the be-
ginning of a major depressive episode during pregnancy
and/or after childbirth [45].

Currently, it is recommended to take into account not
only mental disorders that arise in the postpartum period,
but also throughout pregnancy [45]. A number of authors
recommend considering not only the first months after child-
birth as postpartum mental disorders, but also the period up
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to 1 year . They also recommend paying attention to the
mental state of women throughout pregnancy, since post-
partum depression is often undiagnosed during pregnancy,
or a depressive episode could have occurred before preg-
nancy.

PATHOPHYSIOLOGICAL ASPECTS OF POSTPARTUM
AFFECTIVE DISORDERS

Postpartum mental disorders are conditions with a known
risk factor, which suggests a strong influence of biological
and genetic factors. However, currently there are no clearly
identified factors that are responsible for the development
of postpartum affective disorders and affective disorders du-
ring pregnancy. Therefore, consideration of this nosology re-
quires a comprehensive analysis of all known factors, both
biological and social ones (Fig. 1).
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Mechanisms of postpartum psychiatric disorders [95]. ACTH — adrenocorticotropic hormone; PUFA — polyunsaturated fatty acid

MexaHn3mbl nocnepoAoBbIX ncuxmyeckux pacctponcts [95]. AKTI — appeHokopTukoTponHbiv ropmoH; MHXK — nonuHeHachbI-
LEHHbIE XMPHbIE KUCNOTbI
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Postpartum mental disorders are reinforced by hormo-
nal and neurotransmitter changes associated with childbirth
[8]. Women with chronic post-traumatic stress disorder
have changes in the hypothalamic-pituitary-adrenal axis,
and further changes occur during pregnancy and childbirth
[30]. In addition, postpartum affective disorders, including
post-traumatic stress disorder associated with pregnancy
and childbirth, may also arise due to an increase and later
sharp decrease in estrogen, progesterone, and cortisol,
which have neuroactive properties. [30, 54, 73, 98, 128,
132, 136].

CHANGES IN THE NERVOUS SYSTEM DURING
PREGNANCY

Animal studies show that changes in the female brain de-
velop during pregnancy and after childbirth. Brain structures
that influence maternal behavior toward offspring change,
such as the medial preoptic area (mPOA), which controls
care and nurturing of offspring. Remodeling processes oc-
cur in the synapses, the length of dendrites changes, and
the density of spines and astrocytes changes.

There is evidence that firs-time-mothers show a sym-
metrical pattern of extensive reduction in gray matter (GM)
volume. There is also evidence for a decrease in gray
matter volume in the brain associated with an increase in
endogenous and exogenous sex steroid levels unrelated
to pregnancy, for example, during adolescence and when
exogenous sex steroids are taken.

Moreover, there are data regarding an increase in gray
matter in the hypothalamus, substantia nigra, and amyg-
dala in the maternal brain when there is a positive percep-
tion of an infant. Some researchers report an increase in
gray matter in the midbrain, prefrontal cortex, and parietal
lobe between 2-4 weeks and 3-4 months after giving birth,
while others report no changes in gray matter in the early
postpartum period. Animal experiments have shown that
visual and auditory stimuli received from offspring activate
the medial preoptic area (mPOA) and the nucleus of the
terminal strip, which are projected into the ventral tegmen-
tal area and the retrorubral field, thereby activating the
mechanism of positive response to offspring, the so-called
reward circuit, promoting the release of dopamine. The dor-
sal striatum, substantia nigra, amygdala, and hippocampus
are also involved in the mechanism of positive response
to offspring, with a child's smile being a particularly strong
stimulus [13, 100].

There are studies showing that women with postpartum
depression have weaker activation of the areas responsible
for positive perception of offspring (reward areas): the thala-
mus, the adjacent nucleus, the caudate nucleus, as well as

the lateral and orbitofrontal cortex, which are responsible for
regulating emotions [10].

Magnetic resonance imaging (MRI) revealed a reduction
in the prefrontal cortex, orbitofrontal cortex, cingulate gyrus,
hippocampus, corpus callosum, white matter abnormalities,
and a high prevalence of right occipital lobe curvature in
patients with major depressive disorder. A reduction in hip-
pocampal volume was also noted in patients with frequent
relapses of depression and poor response to antidepres-
sant therapy [46]. However, some studies do not reveal
changes in white matter structure. A number of researchers
have shown that despite a reduction in brain structures
and gray matter volume (considered signs of aging), the
maternal brain appears younger 4-6 weeks after delivery
compared to 1-2 days after delivery. E. Hoekzema et al.
showed that the decrease in gray matter volume persists up
to 2 years after giving birth, and the hippocampus returns to
its original volume 2 years after giving birth [91]. In contrast,
some studies report an increase in gray matter volume in
the inferior prefrontal cortex, parietal lobe, limbic and cere-
bellar structures from 2—-4 weeks to 3-4 months after giving
birth, which has been linked to a more positive perception of
one's child. Luders et al. showed an increase in gray matter
volume in the prefrontal cortex, middle occipital gyrus, and
caudate nucleus, which was also associated with the deve-
lopment of adaptive maternal behavior [91].

Studies using magnetic resonance spectroscopy (MRS)
have revealed a decrease in the concentration of gamma-
aminobutyric acid (GABA), glutamate, and glutamine in the
occipital, prefrontal, and cingulate cortex in patients with
major depressive disorder. Thus, the hypothesis of gluta-
matergic insufficiency is important for clinical practice and
requires further study [46]. There are studies using MRI in
patients with postpartum depression, but the data are am-
biguous and require further study.

It has been shown that MRI or positron emission to-
mography (PET) (e.g., measurement of brain monoamine
oxidase type A) can be used to observe altered activity in
cortical and subcortical regions in women suffering from
postpartum affective disorders [38, 95].

These data are ambiguous and require further study to
better understand morphological changes in the brain in
patients with postpartum affective disorders and affective
disorders during pregnancy [41, 114].

GENETIC FACTORS

A number of authors describe an increased risk of inheri-
ting postpartum depression [95]. It has been proven that post-
partum psychosis is related to the familial form of bipolar dis-
order, and that postpartum triggers of bipolar disorder are
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also hereditary [95]. Stressful events, as well as adverse
events in early life, lead to pathophysiological changes and
altered gene expression due to increased allostatic load.
Mechanisms that modify gene expression include epige-
netic modification, such as DNA methylation and histone
modification, which alters DNA accessibility and chroma-
tin structure, changes in transcriptional control of stress-
responsive pathways, and shortening of telomere length
[95]. For example, epigenetic changes have been found
in the HP1BP3 and TTC9B genes, which have different
methylation patterns in women suffering from postpartum
depression, depending on the time of symptom onset [95].

Studies show that 25% of genetic factors are associ-
ated with the variability of depressive disorders. Women
whose mothers experienced depressive symptoms du-
ring the perinatal period are at greater risk of developing
the same symptoms. The risk is especially high if the de-
pressive symptoms developed during the postpartum pe-
riod [45]. A correlation has been found between a family
history of recurrent depressive disorder and depressive
symptoms that occur in the first 4 weeks of the postpartum
period [45].

5-HTT is a serotonin transporter gene that is frequently
studied when inherited depressive disorders, including those
with perinatal onset, are examined [45]. Numerous studies
confirm the relationship between the serotonin transporter
gene and the development of postpartum depression. A link
has been found between the genotype with high 5-HTT ex-
pression and postpartum depression, although no major
depressive episode was detected. It has been found that
female carriers of the long 5-HTT allele experience more
severe depressive episodes during pregnancy than carri-
ers of the short allele. However, there are studies showing
the contrary. They suggest that short allele carriers are at
risk for developing postpartum depression. It has also been
shown that a genotype with low 5-HTT expression is as-
sociated with the development of depressive symptoms du-
ring the first 6 months after childbirth. In a large group of
women, it was shown that low 5-HTT expression, combined
with unfavorable external factors such as low socioeco-
nomic status, increased the risk of developing depressive
symptoms during pregnancy and during the first year after
childbirth. Currently, the most promising areas of research
are genome-wide association studies (GWA) and epigenetic
studies to identify the hereditary nature of depressive disor-
ders during pregnancy and the postpartum period [45, 61,
69, 96].

A study by Guintivano et al. demonstrated that DNA
methylation changes after estrogen administration. CpG
methylation differences were also observed in the promoter
regions of the HP1BP3 and TTC9B genes, which are asso-

ciated with estrogen signaling. These biomarkers predicted
the onset of postpartum depression symptoms with an ac-
curacy of more than 80% [45].

Metha et al. evaluated gene expression from the first tri-
mester to the seventh week after delivery. They identified
116 transcripts with varying degrees of expression in the
third trimester, which predicted the risk of postpartum de-
pression with 88% accuracy. The authors then compared
women with symptoms of depression and women without
depressive symptoms and found differences in 42 expressed
transcripts in the third trimester, none of which overlapped
with the 116 transcripts, which probably indicates the speci-
ficity of this biomarker for postpartum depression [6, 45].
Thus, there is likely a period during which women are most
vulnerable to genetic factors and epigenetic changes.

Numerous studies confirm the relationship between ge-
netic factors and adverse environmental factors, including
stress, which together contribute to the development of
mental disorders during pregnancy and after childbirth.

It is believed that the increased risk of postpartum de-
pression may be associated with increased sensitivity to
estrogen-mediated epigenetic reprogramming [45]. Thus,
estrogen may be a trigger for changes in gene expression.

The estrogen receptor gene (ESR1) mediates hormonal
changes, which may also be a cause of postpartum depres-
sion. There is evidence that polymorphism (ESR1) is as-
sociated with symptoms of postpartum depression [107].
The possible influence of polymorphisms in the gene enco-
ding monoamine oxidase type A (MAOA) is also discussed
as a possible factor in the development of postpartum de-
pression. Monoamine oxidase is involved in the oxidative
deamination of dopamine, norepinephrine, and serotonin.
It has been found that women with genetic and epigenetic
changes in MAOA, when exposed to adverse life factors,
had an increased risk of developing postpartum depression
and increased cortisol levels [106]. There are also studies
showing that polymorphisms in the catechol-O-methyltrans-
ferase (COMT) gene, which breaks down adrenaline, nor-
adrenaline, and dopamine, correlate with the level of de-
pressive symptoms in the early postpartum period [107].

There were found interesting evidence regarding the
relationship between postpartum depression and the pre-
sence of polymorphisms of the tryptophan hydroxylase 2
(TPH2) gene, which catalyzes the first stage of serotonin
synthesis. Thus, the presence of polymorphisms in the pro-
moter region is associated with the development of depres-
sive symptoms during pregnancy and up to 6-8 months
after childbirth, while polymorphisms in intron 8 were asso-
ciated with the development of depressive symptoms during
pregnancy, but not in the postpartum period. It is also worth
noting that TPH2 gene expression is negatively regulated
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by glucocorticoid receptors, which requires further study for
the mechanisms of postpartum depression [42, 107].

A polymorphism in the gene involved in allopregnano-
lone aldoketoreductase family 1 C2 (AKR1C2) synthesis is
associated with decreased allopregnanolone levels and in-
creased depressive symptoms during pregnancy [107].

Thus, genetic research data contribute to the under-
standing of postpartum affective disorders, as well as men-
tal disorders during pregnancy, however, they require fur-
ther study [34, 35, 65, 66, 75, 86, 94, 97, 123, 127].

SLEEP DISORDERS

Sleep and circadian rhythm disorders can trigger mental
disorders, such as episodes of mania, and can be a predic-
tor of postpartum depression [48]. Pregnant women have
longer periods of wakefulness, lower sleep quality, and
more transitions between sleep and wakefulness. There is
evidence of blunted melatonin amplitude in women in the
postpartum period, as well as clinically significant phase
shifts in circadian rhythms in women with postpartum de-
pression. The manifestation of post-traumatic stress disor-
der associated with pregnancy and childbirth is exacerbated
in women who experience sleep deprivation and fatigue,
partly due to nighttime feedings, particularly in the pre-
sence of insomnia 8 weeks after giving birth [15, 30, 87].
Studies show that sleep quality impairment is already ob-
served in the first trimester, progressively worsens through-
out pregnancy, and significantly worsens in the first month
after delivery. Elevated progesterone levels are associated
with daytime sleepiness and shorter sleep-onset latency
(SOL). Physical discomfort associated with physiological
changes also significantly impairs sleep quality throughout
pregnancy [17]. A major factor contributing to sleep distur-
bances in the postpartum period is the need for constant
care for a newborn, especially if an infant has conditions
that require increased attention or has a difficult tempera-
ment [17]. There are studies showing that sleep is worse
after a cesarean section than after a natural birth, which is
associated with surgical intervention [17]. Studies confirm
that women with clinically significant postpartum depres-
sion reported poorer sleep quality, early awakenings, and
increased daytime sleepiness, which is characteristic of the
clinical picture of depressive states [4, 15]. Two years after
giving birth, insomnia symptoms may remain prominent in
persistent post-traumatic stress disorder associated with
pregnancy and childbirth [30]. It has been shown that the
circadian activity rhythm (CAR) decreases from the begin-
ning of pregnancy to the postpartum period and increases
gradually 10-13 weeks after childbirth, with greater variabi-
lity compared to the period before pregnancy [48].

Research is currently ongoing on improving sleep qua-
lity through the use of light therapy. A study by Lee et al.
examined the effect of light therapy on depressive symp-
toms and sleep in mothers whose infants were born with
low birth weight and were in the intensive care unit [48].
The condition of the child and his or her stay in the intensive
care unit affected the mother's circadian rhythms, as stress
factors led to poor sleep, which was exacerbated by hospi-
tal lighting. Mothers who received 30 minutes of bright light
therapy daily experienced a reduction in depressive symp-
toms and improved sleep quality.

Thus, sleep disturbances are a risk factor for postpartum
affective disorders, and poor subjective sleep quality is a
predictor of depressive symptoms in the perinatal period.
An increased duration of daytime sleep is linked to mood
disorders in the third trimester and one week after delivery
[17, 60, 84, 90].

OXYTOCIN

Oxytocin acts as both a hormone and a neurotransmitter.
Oxytocin levels are normally relatively stable, without signifi-
cant fluctuations. During pregnancy and childbirth, oxytocin
levels change. Oxytocin levels also vary in parent-child rela-
tionships.

Oxytocin promotes stable social interaction by acting as
a neurotransmitter in the central nervous system through its
effects on the hippocampus, amygdala, nucleus accumbens,
and limbic system.

In women, oxytocin plays an important role during labor,
ensuring calcium penetration into myoepithelial cells to con-
tract muscle fibers, and also contributes to the process of
breastfeeding.

It has been shown that intranasal administration of oxy-
tocin increases trust in strangers, reduces cortisol levels du-
ring family conflicts, and increases communication. In an ex-
periment by Cardoso et al., intranasal administration of 24 U
of oxytocin increased the need for interaction during social
stress by increasing trust in other people [28].

During pregnancy, oxytocin levels increase, raising ma-
ternal attachment, reducing amygdala activation, thereby re-
ducing aversion and anxiety, and promoting responsiveness
to a baby's cries. Oxytocin stimulates the insula and inferior
frontal gyrus, which are responsible for empathy, promoting
child-parent attachment.

When the mother and/or child are in favorable circum-
stances, oxytocin promotes increased social interaction, as
opposed to, for example, the presence of strangers nearby.
It has been shown that maternal childhood trauma can dis-
rupt normal oxytocin regulation, contributing to affective dis-
orders and impaired parent-child relationships.
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Regulation of oxytocin during pregnancy is closely linked
to other hormones. Estrogens increase the number of oxy-
tocin receptors and its transcription, thereby increasing the
density of oxytocin receptors in the uterus, brain, and breast
tissue. Adverse or stressful factors activate the paraven-
tricular nuclei of the hypothalamus and the amygdala, which
are responsible for the anxiety response. The hypothala-
mus promotes corticotropin-releasing hormone production.
As a result, adrenocorticotropic hormone is released, ca-
techolamines and cortisol are secreted from the adrenal
glands, and at the same time, the sympathetic nervous
system is activated. Thus, the body is ready to respond to
danger. Oxytocin inhibits the hypothalamic-pituitary system,
thereby exerting a significant anxiolytic effect [37].

Elevated cortisol levels and large fluctuations in cortisol
levels have been found in 40-60% of women with postpar-
tum depression. Lower oxytocin levels have been shown in
patients with depression with comparable cortisol levels in
the main and control groups. Thus, women with low oxy-
tocin levels are at risk for developing postpartum depres-
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sion, regardless of cortisol levels. The action of oxytocin
depends on the number of oxytocin receptors (OXTR). It
has been shown that epigenetic changes in the oxytocin
receptor gene increase the manifestations of anger and
fear reactions due to the activation of the amygdala. DNA
methylation of the OXTR gene is possible in dangerous
and stressful situations, especially during childhood, which
reduces the transcription of the latter. It has also been
proven that certain polymorphisms of the oxytocin and
OXTR genes contribute to manifestations of postpartum
depression (Fig. 2).

Oxytocin is used therapeutically either intranasally,
due to its effect on the central nervous system, or intra-
venously, due to its effect on the uterus. The intranasal
route of oxytocin administration has been shown to be the
safest. Psychiatry is investigating the positive effects of
intranasal oxytocin administration in schizophrenia, phobic
disorders, post-traumatic stress disorder, and addictions,
and significant behavioral changes have been shown in
autism. Numerous studies have shown that oxytocin is
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Epigenetic regulation of OXTR and hormonal abnormalities associated with postpartum depression. Variations in DNA methylationof

the OXTR gene in women with postpartum depression is negatively correlated with serum estradiol levels (left panel). Asignificant
interaction between estradiol, OXTR DNA methylation, and the ratio of allopregnanolone to progesterone was alsoobserved in

women with postpartum depression [107]
Puc. 2.

AnureHeTtnyeckas perynauus OXTR (peuentop OKCUTOLMHA) M TOPMOHaNbHbIE HAapyLIEHUs, CBA3aHHbIE C NOCIEPOAOBOW Aenpec-

cuei. N3menenuna B metunupoBanum [IHK rena OXTR (peuentop OKCMTOLMHA) Y XEHIWUH C NOCNEPOAOBON Aenpeccuen oTpu-
LaTeNbHO KOPPeNMpyHT C YPOBHEM 3CTpaAMona B CbIBOPOTKE KPOBM (NeBas naHenb). 3HauYMTeNlbHOe B3aMMOAEHCTBUE MexXay
actpapvonom, metunuposavnem [IHK OXTR v cooTHoweHWeM annonperHaHonoHa U nNporecTepoHa Takxke HabnAanoch y XeH-

WKMH ¢ nocnepogoBoi aenpeccueii [107]
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ineffective in depressive disorders, sometimes even con-
tributing to an increase in symptoms. Patients suffering
from depression experienced anxiogenic reactions when
oxytocin was administered intranasally. In contrast, a com-
parison group of healthy individuals experienced an anxio-
lytic effect when oxytocin was administered intranasally.
In women with postpartum depression, oxytocin adminis-
tration enhances defensive reactions and contributes to
an anxiogenic effect. Women with postpartum depression
have lower levels of oxytocin in plasma and saliva, and
those with depressive symptoms during pregnancy have
low levels of oxytocin in the postpartum period. According
to one hypothesis, exogenously administered oxytocin af-
fects the central nervous system, promoting the production
of endogenous oxytocin. At present, there is no clear data
showing a correlation between the exact amount of oxyto-
cin administered and the response of the central nervous
system. However, some studies suggest that such a cor-
relation exists. For example, repeated intranasal adminis-
tration of 200 IU of oxytocin did not reduce cortisol levels
in primates, while administration of 50 IU contributed to a
decrease in cortisol levels. It is suggested that these phe-
nomena may be caused by binding of oxytocin to vaso-
pressin receptors, which enhances stress responses [63,
64, 80, 110, 118, 130, 134].

The hypothesis of the central action of oxytocin when
administered peripherally raises unresolved questions.
There are issues with crossing the blood-brain barrier,
since oxytocine is hydrophilic and only a small part of
intravenously administered oxytocin can cross the blood-
brain barrier. As the blood-brain barrier has systems for
transporting hydrophilic molecules, a hypothesis has been
proposed. It has been suggested that oxytocin and vaso-
pressin may be actively transported from the blood into the
cerebrospinal fluid, but there is no precise data if oxyto-
cin can pass through the blood-brain barrier. According to
another hypothesis, there is a negative feedback mecha-
nism whereby exogenously administered oxytocin binds
to oxytocin receptors and reduces endogenous oxytocin
levels [76, 78].

It has been reported that women who experience high
levels of stress during pregnancy and eight weeks after gi-
ving birth have high levels of oxytocin and less pronounced
depressive symptoms. This fact can be explained by endo-
genous oxytocin effects, which protect the mother and child
frostress, reduces the risk of postpartum depression, and
promotes maternal attachment and harmonious mother-
child relationships. Currently, there is no clearly identified
relationship between the level of endogenous oxytocin,
exogenous oxytocin, and symptoms of postpartum depres-
sion. A number of studies link intravenous administration of

oxytocin during childbirth with the development of symp-
toms of postpartum depression, which requires further
study [18, 28, 20-22, 24, 27, 39, 53, 64, 72, 85, 112, 113,
116, 122].

PSYCHONEUROIMMUNOLOGY
OF POSTPARTUM DEPRESSION

Various pathological conditions activate the innate im-
mune response to limit the spread of infection and reduce
tissue involvement. The innate immune response is car-
ried out through the production of pro-inflammatory and
anti-inflammatory cytokines. Since a continuous inflam-
matory response causes undesirable effects in the body,
anti-inflammatory cytokines are produced, which inhibit the
production of pro-inflammatory cytokines. If this balance is
disturbed, mental ilinesses, including depression, may de-
velop. Prolonged or enhanced activation of the pro-inflam-
matory immune response may contribute to the develop-
ment of depression. Patients with depression have elevated
levels of pro-inflammatory cytokines, such as IL-1, IL-6,
and TNFa. The hypothalamic-pituitary-adrenal axis also in-
fluences the immune response. Normal functioning of the
hypothalamic-pituitary-adrenal system is necessary to pro-
tect against excessive exposure to glucocorticoids, such
as immunosuppressive, lipogenic, and catabolic effects.
When exposed to stressors, the hypothalamic-pituitary-
adrenal axis releases large amounts of cortisol compared
to normal basal levels. Stressors also provide additional
energy through gluconeogenesis, thereby suppressing the
immune response. After exposure to a stress factor, the
hypothalamic-pituitary-adrenal axis gradually returns to
normal functioning, but if the stress factor continues and
becomes chronic, the hypothalamic-pituitary-adrenal sys-
tem ceases to function normally, becoming hyperactive or
hypoactive [77, 111].

Hyperactivation of the hypothalamic-pituitary-adrenal
axis is associated with melancholic depression, anorexia
nervosa, and attachment disorders in childhood. Hypo-
function, in turn, is associated with seasonal and atypical
depression, fibromyalgia, rheumatoid arthritis, and chronic
fatigue syndrome. A number of authors also include post-
partum depression in this group. Constantly elevated levels
of pro-inflammatory cytokines reduce the function of gluco-
corticoid receptors in the central nervous system, thereby
reducing the sensitivity of the hypothalamus to increased
cortisol levels and reducing the normal response of the hy-
pothalamus through a negative feedback mechanism. Hy-
peractivation of the hypothalamic-pituitary-adrenal axis con-
tributes to a pronounced inhibitory effect on the inflamma-
tory and/or immune response by blocking the stages of the
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pro-inflammatory process. A bidirectional relationship has
been demonstrated between the innate immune response,
the hypothalamic-pituitary-adrenal axis, and postpartum de-
pression (Fig. 3).

Figure 4 shows the normal responses of the immune
system and the hypothalamic-pituitary-adrenal axis that
contribute to normal postpartum emotional regulation.

It has been shown that pregnancy increases the level
of anti-inflammatory cytokines, contributing to pregnancy
maintenance and immunosuppression, while the level of
pro-inflammatory cytokines decreases during pregnancy.
After the birth of the baby and placenta, the anti-inflam-
matory background changes to pro-inflammatory within a
few hours, as the involution processes in the uterus are
characterized by ischemia, phagocytosis, and autolysis
involving inflammation and cytokines. In addition, perineal
tissue is often damaged during childbirth, which contributes
to the development of an inflammatory response, as does
the process of childbirth itself, accompanied by physical,
painful, and emotional stress. Women who do not suffer
from postpartum depression experience an increase in
pro-inflammatory cytokines during the postpartum period
due to their innate immune response. Several months after
giving birth, the inflammatory reactions cease. After deli-
very, the hypothalamic-pituitary-adrenal axis becomes hy-
poreactive and returns to its pre-pregnancy level at around
12 weeks, limiting inflammatory responses and ensuring
balanced emotional regulation. It is believed that women
with postpartum depression have an enhanced inflammato-
ry response after childbirth and/or insufficient suppression

of the hypothalamic-pituitary-adrenal axis. At present, data
on hypoactivation and hyperactivation of the hypothalamic-
pituitary-adrenal axis, as well as data on pro-inflammatory
and anti-inflammatory immune responses in postpartum
depression and other affective disorders, require clarifica-
tion for further application in clinical practice [19, 25, 51,
125, 137, 117].

REPRODUCTIVE HORMONES

Numerous data indicate that changes in reproductive
hormone levels in the postpartum period influence the de-
velopment of postpartum affective disorders (Fig. 5). Es-
trogen and progesterone are produced in large quantities
during pregnancy and decrease sharply after childbirth.
Estrogen and progesterone receptors are expressed
throughout the brain and can modulate neurotransmission
and neuroplasticity through both genomic and non-ge-
nomic mechanisms. For example, levels of brain-derived
neurotrophic factor (BDNF) in the hippocampus and fore-
brain of rodents decrease with ovariectomy and increase
with estradiol administration. Brain-derived neurotrophic
factor levels decrease with depressive symptoms and
stress in patients and increase after taking antidepres-
sants [95]. Thus, a rapid drop in reproductive hormone
levels can cause a decrease in brain-derived neurotrophic
factor levels, thereby contributing to the risk of developing
postpartum affective disorders [95]. Progesterone has
also been shown to play an important role in the release,
regulation of synthesis, and transport of neurotransmit-

XpoHU4YeCKoe NoBbILLEHNE
BPOXAEHHOTO MMMYHHOTIO oTBeTa / Fig.3. Conceptual framework for the proposed study,
Chronic elevation in innate depicting dysregulated relationships among the
immune response + HPA (hypothalamic-pituitary-adrenal) axis, the
inflammatory response, and PPD (postpartum
i
+‘ + + + Mocnepogosas nenpegcvm/ depression) [32]
+ Postpartum depression
- Puc.3. KoHuenTyanbHas ocHOBa npepnaraemoro uccrne-
Hapywexve perynauuw g [OBaHUA, WUNMIOCTPUPYIOLAA HapyLIEHHY pery-
aKTWBHOCTW rUNoTasamo-rvno- ’ yiou y yHPA ry
hU3apHO-HAAN0YEUHMKOBOM OCH / NALMI0 B3aUMOOTHOLIEHUIA MeXAYy OCbio (ru-
D lated noTanamo-runodmsapHo-HaanoyeyHUKoBas OcCb),
prsregu ated BocnanuTensHol peakumen u PPD (nocnepopoBas
axis activity
ndenpeccus) [32]
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+ r_ amouyoHansHas perynaus / Fig.4. Conceptual framework  depicting  normal
A + Normal postpartum emotional relationship between the inflammatory response
AKTWBHOCTb rMNOTanamo-runo- > regulation and the HPA axis [32]
(hu3apHo-HaaNOYeYHNKOBOI ocK / Puc.4. KoHuenTtyanbHas cxema, UNMOCTPUpYHOLWAn Hop-
HPA axis activity ManbHY B3aUMOCBSA3b Mexgdy BochanuTenbHOM
peakuuen u ocbio HPA [32]
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ters, as well as to increase the expression of brain-derived
neurotrophic factor in the hippocampus and cerebral cor-
tex in rodent models [95]. Apparently, women with post-
partum depression have different sensitivities to changes
in hormone levels. Thus, it has been shown that the ad-
ministration of supraphysiological doses of progesterone
and estradiol exacerbates the symptoms of depression in
patients with a history of postpartum depression [18, 52,
88, 107, 119].

It has been shown that women with postpartum de-
pression had low serum prolactin levels and were less
likely to breastfeed. Reduced prolactin levels are also
observed in women with severe symptoms of postpar-
tum depression, as well as in women at increased risk
of developing postpartum depression. It has been hypo-
thesized that there is an interrelated pathophysiological
mechanism between postpartum depression and lack of
lactation [107, 120, 121].

THE ROLE OF NEUROACTIVE STEROIDS
AND GAMMA-AMINOBUTYRIC ACID

There is some evidence of an association between post-
partum depression and neuroactive steroids and GABA.
Levels of neuroactive steroids increase in the CNS during
pregnancy and rapidly decrease after childbirth. Impaired

Jle9eHne 3CTPAAMOTIOM
estradiol treatment
)

regulation of neuroactive steroid metabolism, as well as im-
paired interaction with GABA and insufficient activation of
GABA receptors, are associated with the development of
postpartum depression [47, 55].

The main metabolite of progesterone is the neuro-
steroid allopregnanolone, a positive allosteric modula-
tor of synaptic and extrasynaptic gamma-aminobutyric
acid type A (GABA A) receptors (Fig. 6). Animal models
have shown that intravenous administration of allopreg-
nanolone significantly reduces symptoms of anxiety and
depression. Allopregnanolone levels peak in the third
trimester of pregnancy and decline rapidly after child-
birth. Thus, it is assumed that the trigger for postpar-
tum affective disorders, including depression, is the in-
ability of GABA receptors to quickly adapt to the sharp
decline in allopregnanolone levels after childbirth [95].
This hypothesis is being studied for the possible treat-
ment of postpartum depression with Brexanol, a paten-
ted formula of synthetic intravenous allopregnanolone, a
GABA receptor modulator that has been shown to rapidly
relieve the clinical symptoms of postpartum depression
in placebo-controlled randomized clinical trials compared
to antidepressant therapy [95, 70]. Brexanolone was ap-
proved by the US Food and Drug Administration (FDA)
for the treatment of postpartum depression in 2019, as
an intravenous form of allopregnanolone for continuous
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MexaHn3m gencTBMA NONOXUTENLHOIO annoctepuyeckoro MmogynaTopa annonperHaHonoHa Ha CMHaNTU4YeCKMe U IKCTpacuHan-

Tyeckue MAMK-peuenTtopbl. AnnonperHaHomnoH CBA3bIBAET KaK CMHANTUYeCKUe, Tak U akcTpacuHanTuyeckue FAMK-peuenTopsl,
[eWCTBYSA KaK NONOXUTENbHbIA annocTepuyeckuii MOAynAaTop, yBeNuYMBas 4actoTy U NPOAOIIKNTENLHOCTL OTKPLITUA KaHaNoB,
yto yBenuuusaeT runepnonspusytownun FTAMK-apruyeckun Tok [55]. BZD — 6eH3opguasenuH; GABA — ramma-ammHoOMachnsiHas
kucnorta; GABA A — ramma-amuHomacnsiHas kucnota tuna A; NAS — HelipoaKkTUBHbIN CTepous,

infusion over 60 minutes [55]. SAGE-217 (zuranolone)
is an oral analogue of allopregnanolone that has also
shown good results in the treatment of postpartum de-
pression. Ganaloxon, a 3B-methylated synthetic ana-
logue of allopregnanolone, is also being considered for
the treatment of postpartum depression in both oral and
intravenous forms [47]. Preclinical studies show that allo-
pregnanolone plays an important role in suppressing the
hypothalamic-pituitary-adrenal axis response to stress
during pregnancy [14, 20, 21, 47, 56, 121].

THYROID HORMONES

The concentration of thyroxine-binding globulin in-
creases during pregnancy and may be an indicator of
sensitivity to elevated estrogen levels. Some studies sug-
gest that a decrease in thyroxine-binding hormone is a
predictor of postpartum depression. In addition, comor-
bidity of postpartum autoimmune thyroid diseases and
postpartum affective disorders has been noted, which
coincides with the phenomenon of postpartum rebound of
the maternal immune system [95]. Women with elevated
levels of antibodies to thyroid peroxidase during preg-
nancy have an increased risk of developing postpartum
affective disorders.

A number of authors compare postpartum depression with
autoimmune diseases, comparing possible similar mecha-
nisms, such as the influence of maternal-fetal microchime-
rism, as well as considering the course of autoimmune di-
seases during pregnancy and after childbirth [50, 108, 109].

NEUROIMMUNE PATHWAYS

During the transition from pregnancy to childbirth and
the postpartum period, there is an enhanced immune re-
sponse associated with both pro-inflammatory and anti-
inflammatory mediators. Women with postpartum depres-
sion have elevated IL-6 levels and reduced leptin levels.
Reduced leptin levels during childbirth may be a marker for
the risk of developing postpartum depression. A decrease
in uteroglobin, known as the endogenous anti-inflammatory
compound CC16, is also associated with the risk of deve-
loping postpartum affective disorders. According to the li-
terature, a decrease in polyunsaturated fatty acids may also
be associated with the risk of developing postpartum mental
disorders. It has been noted that episodes of mental illness
occur more frequently during the first pregnancy, which may
be associated with dramatic changes in neuroendocrine
regulation during the first pregnancy compared to subse-
quent pregnancies, as well as a potentially higher risk of

& RUSSIAN BIOMEDICAL RESEARCH

VOLUME 10 N3 2025

ISSN 2658-6584 (Print)




0b30PbI

67

developing preeclampsia during the first pregnancy. Pre-
eclampsia and postpartum psychosis are associated with
immune dysregulation, which is confirmed by the comor-
bidity of autoimmune thyroiditis after childbirth and changes
in the level of autoimmune antibodies in the central nervous
system in patients with postpartum psychosis. Monocytosis
was also detected in patients with postpartum psychosis,
with no increase in T-lymphocytes after childbirth and im-
paired tryptophan cleavage [62].

Fluctuations in corticotropin-releasing hormone du-
ring pregnancy and after childbirth can also disrupt the
functioning of the hypothalamic-pituitary-adrenal axis and
contribute to the development of postpartum affective dis-
orders [95].

Thus, there is a further need to study biological pre-
dictors and markers of postpartum affective disorders in
detail in order to ensure intervention in case of mental im-
pairments in the postpartum period as early as possible
[95, 135].

Disruptions in the kynurenine pathway, namely increased
kynurenine levels, are associated with the development of
postpartum depression. There is a hypothesis that high
levels of kynurenine contribute to inflammation-induced de-
struction of tryptophan, which reduces serotonin production
and causes the development of postpartum depression [89,
107, 124, 133].

Other possible factors in the development of postpartum
depression include low levels of omega-3 unsaturated fatty
acids and decreased vitamin D levels. However, these data
require further consideration [107].

CONCLUSION

It is necessary to further explore the pathophysiologi-
cal mechanisms of affective disorders associated with
pregnancy and childbirth, as well as to differentiate the
periods of pregnancy and postpartum. There is also a
need to understand mechanisms associated with these
time periods in detail, as mental disorders during preg-
nancy and postpartum may differ in their pathophysiologi-
cal patterns and represent different conditions in terms
of inflammation, endocrine changes, and other patho-
logical processes (Figs. 7, 8) [102]. Questions remain as
to whether stem cells can be used to treat postpartum
depression [103]. Further study of mental disorders as-
sociated with pregnancy and childbirth is also required
in relation to the central serotonin system and the use
of selective serotonin reuptake inhibitors [67, 68, 79, 81,
82, 101, 105]. Genetic and epigenetic research is ac-
tively developing in terms of mental disorders. It is as-
sumed that there are certain genetic markers that can
predict the risk of developing depressive disorders during
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Puc. 8. Bo3geiicTBue oKkpyxatowen cpeabl Ha CUHaNTUYecKkue (PYHKLUUM Nepeaayu U Lenu npu nocnepoaoBoi genpeccuu [88]

pregnancy and childbirth [107]. Thus, to date, there are
no clearly identified markers that accurately predict the
development of mental disorders, but sufficient diverse
data has been obtained which, when taken together, can
partially explain the development of mental disorders du-
ring pregnancy and after childbirth. Maternal mental dis-
orders are currently explained by adverse external factors
affecting a biologically and genetically predisposed basis.
Post-traumatic stress disorder associated with pregnancy
and childbirth requires separate detailed consideration
[30, 59, 99].
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