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Bipolar disorder (BD) differs in its clinical presentation in females compared to males.

A number of clinical characteristics have been associated with BD in females: more

rapid cycling and mixed features; higher number of depressive episodes; and a higher

prevalence of BD type II. There is a strong link between BD and risk for postpartummood

episodes, and a substantial percentage of females with BD experience premenstrual

mood worsening of varying degrees of severity. Females with premenstrual dysphoric

disorder (PMDD)—the most severe form of premenstrual disturbances—comorbid with

BD appear to have a more complex course of illness, including increased psychiatric

comorbidities, earlier onset of BD, and greater number of mood episodes. Importantly,

there may be a link between puberty and the onset of BD in females with comorbid PMDD

and BD, marked by a shortened gap between the onset of BD and menarche. In terms

of neurobiology, comorbid BD and PMDD may have unique structural and functional

neural correlates. Treatment of BD comorbid with PMDD poses challenges, as the first

line treatment of PMDD in the general population is selective serotonin reuptake inhibitors,

which produce risk of treatment-emergent manic symptoms. Here, we review current

literature concerning the clinical presentation, illness burden, and unique neurobiology of

BD comorbid with PMDD. We additionally discuss obstacles faced in symptom tracking,

and management of these comorbid disorders.

Keywords: premenstrual dysphoric disorder, bipolar disorder, women’s mental health, premenstrual syndrome,

comorbidities

INTRODUCTION

There is a notable impact of hormonal fluctuations on the presentation of bipolar disorder (BD),
particularly during periods of reproductive life events such as pregnancy, the postpartum period,
during menarche, and menopause. BD is a debilitating psychiatric disorder, characterized by
episodes of mood disturbance of varying severity. BD type I is a disorder diagnosed following a fully
syndromal manic episode, though most individuals with BD I also experience depressive episodes.
In turn, BD type II involves the experience of at least one hypomanic episode and at least one
depressive episode (1).

The prevalence and incidence of BD type I appears to be equal between sexes (2–4), though there
have been some mixed findings of sex differences in prevalence and incidence of BD type II (4–6).
In females, presentation of BD is marked by increased rates of rapid cycling (54.5 vs. 46.6% in one
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study), and the acceleration of cycles (30.3 vs. 20.3% according
to one study). Female sex is linked to the worsening severity
of episodes over time (50.1 vs. 39.2%) (6), as well as the
presence of mixed episodes (5). Additionally, antidepressant-
induced mania has been reported to occur over 3 times more
frequently among females (7).

The rates of comorbidities of BD are also distinct between
the sexes: male sex is associated with over two times the risk
of alcohol use disorder (8, 9), and females have 0.3 times lower
substance use disorder compared to males (10). Females in
turn are nearly 6 more times likely to have comorbid eating
disorders (10, 11), and potentially, more than double the risk
of anxiety disorders, such as agoraphobia and specific phobias
(11). Additionally, there is a higher likelihood of suicide attempts
among females than males—one study found 39.4% of females to
have a history of at least one suicide attempt, compared to 23.5%
of males (6).

Interestingly, the age of onset for BD differs between males
and females, with males having earlier onset of their first manic
episode (12, 13). The onset of BD usually occurs between
ages 15–23 in females, and the disorder usually begins with
depressive, rather than manic or hypomanic episodes (14).
Onset of this disorder therefore occurs during adolescence
and young adulthood, meaning that the disorder overlaps
with many significant reproductive life events in females, such
as menarche, the perimenstrual period, the perinatal period
and perimenopausal period. While the link between BD and
postpartum worsening has been well-described and documented,
much less is known about the link between BD and premenstrual
disorders. Thus, in this review, we provide an update on studies
investigating the link between BD and premenstrual disorders.

Severe Premenstrual Syndrome and
Premenstrual Dysphoric Disorder
Many females experience symptoms of affective, cognitive,
and somatic disturbance during the late luteal phase of their
menstrual cycle. Prior estimates have indicated that over 80% of
females experience at least mild premenstrual symptoms, while
∼10–21% of females experience premenstrual syndrome (PMS)
(15–17). According to several estimates, premenstrual dysphoric
disorder (PMDD), the most severe form of PMS that is described
in the DSM-5, is experienced by 1–5% of females (17–19).

The diagnosis of PMDD is relatively new to the DSM, having
been introduced as an official diagnosis for the first time in the
DSM-5. To be diagnosed with PMDD, five, or more symptoms
must present during the late luteal phase of the menstrual cycle
(i.e., the last week of the cycle, prior to the onset of menses), and
must be relieved in the week following menses. One or more of
the symptomsmust be amood disturbance—that is an increase in
affective lability; irritability/anger; depressed mood, hopelessness
or self-deprecation; and/or increased tension, anxiety, or feeling
on edge. One or more of the symptoms must also fall into the
somatic or cognitive domain, including (1) a reduction in interest
in activities or hobbies; (2) trouble concentrating; (3) feelings
of lethargy, fatigue, or reduced energy; (4) changes in appetite;
(5) sleep difficulties (i.e., insomnia or hypersomnia); (6) reports

of feeling out of control, or feeling overwhelmed; (7) physical
symptoms, like swelling or tenderness of breasts, reports of pain,
bloating, or increased weight. Importantly, these symptoms must
be tracked through prospective ratings every day for at least
2 symptomatic cycles, though a provisional diagnosis may be
provided if these ratings are not available (1).

There are a number of demographic factors associated
with PMDD in the community, including older age, and
low socioeconomic status. PMDD is linked to a number
of comorbidities, including anxiety disorders, somatoform
disorders, major depressive disorder and BD (20, 21). Females
with PMDD also report higher impairment and use of health and
mental health services, in addition to higher suicide attempt rates
(20, 22). According to prospective findings from a community-
based sample from Munich, Germany, experiencing traumatic
events, having a previous anxiety disorder, and daily hassles may
increase the risk of developing PMDD over time (23).

Below, we provide a scoping review of the clinical
presentation of comorbid BD and PMDD, and outline findings in
neuroimaging and hormonal studies of biological underpinnings
of these comorbid disorders. We will also discuss tracking
these comorbid conditions, and potential treatment options for
females with these disorders.

METHODS

To conduct this scoping review, we searched the
PubMed/Medline database using an inclusive search strategy
with the keywords “bipolar” or “manic depressive” combined
with “premenstrual” or “late luteal,” limiting our search to
articles published in the English language up until April 2021,
yielding a total of 148 items. We selected articles which described
premenstrual exacerbation, premenstrual symptoms of any
severity, and PMDD among individuals with BD. We focused
our review on clinical characteristics, biological underpinnings,
neurobiology, symptom tracking and treatment of premenstrual
symptoms of any severity in BD. A summary of the findings
of our review, describing differences in individuals with BD
comorbid with premenstrual symptoms of different severities
can be found in Table 1.

SEVERE PREMENSTRUAL SYNDROME
AND PREMENSTRUAL DYSPHORIC
DISORDER IN BIPOLAR DISORDER

Among females with BD, 45 to 68% report having premenstrual
mood symptoms varying in severity (2, 26, 29, 31, 32). Similarly,
females with PMDD are much more likely to have a diagnosis
of BD compared to the general population, with an 8-fold
increase in risk reported by one study (20), and 2.3 times
higher prevalence of BD reported by a study among young
females (21). Persons who have comorbid PMDD and BD
have been reported to have a worse course of illness, marked
by a higher number of episodes, higher comorbidities, higher
rates of rapid cycling, and other factors that amount to worse
clinical outcomes (26).
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TABLE 1 | Clinical and neurobiological characteristics associated with premenstrual exacerbation, severe premenstrual symptoms, and premenstrual dysphoric disorder

in bipolar disorder.

Clinical and Neurobiological Characteristic Premenstrual

Symptom

Comorbidity

BD with Premenstrual Symptom Comorbidity Compared to BD Only

Mood episodes BD-PME Increased number of depressive episodes (24)

BD-Severe PMS Not linked to number of episodes or episode duration (25)

BD-PMDD More [hypo]manic or depressive episodes in past year, more lifetime depressive episodes (26)

Symptom severity: depression and mania BD-PME Higher symptom severity for manic and depressive symptoms (24)

BD-PMDD Follicular: worsened depressive symptoms, no differences in manic symptoms.

Late luteal: similar depressive symptoms, worse manic symptoms (27)

Symptom severity: anxiety BD-PMDD Late luteal: higher state anxiety. No differences in trait anxiety (27)

Biological rhythms disruption and sleep quality BD-PMDD Follicular and late luteal: worsened subjective biological rhythms disruptions, similar sleep

quality (27)

Rapid cycling BD-PMDD Mixed findings-higher risk of rapid cycling (26), no link to rapid cycling (28)

Relapse BD-PME Linked to shorter time to relapse of syndromal/subsyndromal mood episode (24)

Cyclothymia BD-PMDD Associated with cyclothymia (28).

Bipolar disorder type BD-PMDD Mixed findings: associated with BD type II (28, 29), not associated with BD type I or II (26)

First episode polarity BD-PMDD Not linked to first episode polarity (26)

Age of onset BD-Severe PMS Linked to earlier age of onset (25).

BD-PMDD Mixed findings. Linked to earlier onset of depressive and manic episodes (26), not linked to age

of onset (28).

Seasonal pattern BD-PMDD Not linked to seasonal pattern (28).

Psychotic features/past hospitalization BD-PMDD Not linked to psychotic features/past hospitalization (28).

Comorbid conditions BD-PMDD Linked to history of anxiety disorder (including generalized anxiety disorder, panic disorder with

and without agoraphobia), lifetime substance/ alcohol abuse or dependence, lifetime bulimia

nervosa, lifetime post-traumatic stress disorder and adult attention deficit and hyperactivity

disorder (26), body dysmorphic disorders (28). Mixed findings: BD-PMDD linked to obsessive

compulsive disorder according to Fornaro and Perugi (28), not linked to obsessive compulsive

disorder according to Slyepchenko et al. (26).

Oral contraceptives BD-PMDD Linked to more severe mood symptoms during oral contraceptive use (26)

Reproductive life events: menarche, pregnancy,

postpartum, menopause

BD-PME Mood worsening in perimenstrual, postnatal, menopausal period (30)

BD-Severe PMS No link between mood symptoms during premenstrual period with postnatal or

perimenopausal period in BD type I (31).

BD-PMDD Linked to earlier age at menarche and shorter span of time between menarche and BD onset

(26), linked to mood symptoms during pregnancy and postpartum (26, 28).

Hormones BD-PMDD No difference in hormone levels (β17-estradiol, progesterone, allopregnanolone,

dehydroepiandosterone sulfate) (27)

Resting-state functional connectivity (magnetic

resonance imaging)

BD-PMDD Higher functional connectivity between L hippocampus and R frontal cortex

Decreased functional connectivity between R hippocampus and R premotor cortex (27).

Cortical thickness BD-PMDD Decreased cortical thickness in L superior frontal, L. pericalcarine, L. superior parietal gyri, R

middle temporal and rostral middle frontal cortices. Increased cortical thickness in L superior

temporal gyrus (27).

Subcortical structure volume BD-PMDD Late luteal – increased volume in L caudate nucleus. No differences in R caudate, bilateral

putamen, hippocampus, amygdala, thalamus, accumbens area, ventral encephalon (27)

BD, bipolar disorder; BD-PMDD, bipolar disorder comorbid with premenstrual dysphoric disorder; L, left; PMDD, premenstrual dysphoric disorder; PME, premenstrual exacerbation;

PMS, premenstrual syndrome; R, right.

CLINICAL PRESENTATION OF COMORBID
BIPOLAR DISORDER AND
PREMENSTRUAL DYSPHORIC DISORDER

There have been a number of studies investigating the course
of illness and clinical presentation in females with premenstrual
exacerbation of mood symptoms or PMDD comorbid with BD,
showing worsened clinical presentation of BD in these comorbid

disorders, including a higher number of episodes, shorter time
to relapse, earlier age of onset, risk of rapid cycling, and higher

number of comorbidities (24, 26).
In a prospective study of 293 females with BD from

the Systematic Treatment Enhancement Program for BD

(STEP-BD), Dias and colleagues found that females with

premenstrual exacerbation of mood symptoms had a higher
number of depressive episodes, had a shorter time to relapse
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to a subsyndromal or syndromal episode of BD (4.5 months
compared to 8.5 months). Additionally, symptom severity
among these females was higher for both depressive and manic
symptoms (24). In a cross-sectional study of the STEP-BD
data, Slyepchenko et al. defined a provisional PMDD diagnosis
in females enrolled in STEP-BD based on DSM-5 criteria.
Having PMDD was linked to a higher risk of rapid cycling,
as well as [hypo]manic and depressive episodes in the past
year, and lifetime depressive episodes. Findings from this study
also showed that in females with BD, having PMDD was not
associated with BDI or BDII, or first episode polarity (26).
However, in a smaller study by Fornaro and Perugi (n = 92
females with BD, 25 of whom had PMDD), having PMDD was
linked to cyclothymia and BD-II, though not rapid cycling, any
association with age of onset, a seasonal pattern, or psychotic
features/ past hospitalization (28). Another small study did not
find an association of number of depressive or manic episode, or
length of depressive episodes to be linked to severe premenstrual
mood symptoms (25). Additionally, several smaller studies have
suggested the association of severe PMS and PMDD with BD-
II, though this finding was not confirmed in a larger sample
(26, 28, 29). Earlier age of onset of BD in females with both BD
and PMDD/ premenstrual mood symptoms has been reported
by two studies, one of which reported earlier onset of both
[hypo]manic and depressive episodes (25, 26).

Females with comorbid PMDD and BD are affected
by a higher rate of comorbid conditions (see Figure 1),
including having a history of anxiety disorders, such as
generalized anxiety disorder, panic disorder with and without
agoraphobia. Additionally, they are more likely to have a
lifetime history of substance / alcohol abuse or dependence,
and a lifetime history of bulimia nervosa. As well, individuals
with the comorbid disorders are more likely to have a
history of post-traumatic stress disorder (PTSD) and adult
attention deficit and hyperactivity disorder (ADHD) (26). In
another study, PMDD was linked to obsessive compulsive
disorder (OCD) and Body Dysmorphic Disorders as well
(28), though the link to OCD was not replicated by a
larger study (26).

Individuals with comorbid BD and PMDD also have an earlier
age of menarche, as well as a shorter span of time between
the onset of menarche and the onset of BD. Additionally, they
were found to be more likely to have severe mood symptoms
during oral contraceptive use. These findings indicate that
hormonal changes may play a role in these comorbid conditions
(26). To further support this, several reports indicate that
individuals with both BD and PMDD are more likely to have
mood symptoms during other reproductive life events, such
as pregnancy and the postpartum period (26, 28), with one
study reporting mood worsening in 77% of women during
the perimenstrual, postnatal or menopausal periods, which
were linked to a worsened course of BD, including earlier
age of onset (30). However, these findings have not been
consistent: Payne and colleagues reported no association between
mood symptoms during different reproductive life events (i.e.,
premenstrual period, postpartum, perimenopausal) in women
with BD type I (31).

In a study from our group where all participants completed
at least 2 months of prospective daily symptom charting, we
found that individuals diagnosed with both BD and PMDD
had worse depressive symptom severity during the follicular
phase compared to females with BD, females with PMDD,
a female control group, and individuals with both BD and
PMDD. Additionally, females with BD and PMDD had worsened
depressive symptoms during the late luteal phase compared
to controls, but not the other groups—individuals with a
PMDD diagnosis were equally symptomatic. In terms of manic
symptoms, females in the BD-PMDD group had worsened manic
symptoms during the late luteal phase compared to all other
groups, though these differences were not present during the
follicular phase of the menstrual cycle. Additionally, females
with BD-PMDD had higher state anxiety during the follicular
phase compared to the control group during the follicular phase,
and higher state anxiety compared to both the BD and control
groups by the late luteal phase. They also had higher trait anxiety
compared to the PMDD group and the control group during
the follicular phase, though trait anxiety scores worsened for
females with PMDD only by the luteal phase (27). Additionally,
females with both BD and PMDD had worsened subjective
biological rhythms disruptions than those with BD, PMDD, and
healthy controls during the follicular phase. However, by the
luteal phase, females in the PMDD group had no statistical
differences in subjective biological rhythms disruption compared
to females with both BD and PMDD. Notably, females with both
BD and PMDD had worse subjective sleep quality during the
luteal phase than both the PMDD group and control groups,
though not the BD-only group. Overall, these findings indicate
that symptomatic burden is worsened in individuals euthymic
for BD, with comorbid PMDD, in terms of depressive symptoms,
anxiety symptoms, sleep and biological rhythms disruption,
with some differential effects based on menstrual phase. It is
possible that increased symptoms during euthymia may be a
contributing factor to the increased frequency of depressive and
manic episodes seen in comorbid BD/ PMDD (27).

BIOLOGICAL UNDERPINNINGS OF
PREMENSTRUAL DYSPHORIC DISORDER

The physiological control of the menstrual cycle in females
is regulated by the hypothalamic-pituitary-gonadal axis. The
hypothalamic-pituitary-gonadal axis itself is composed of a
number of feedback mechanisms, where the hypothalamus
releases gonadotropin-releasing hormone (GnRH), which travels
to the pituitary through the hypophyseal portal veins and
stimulates the anterior pituitary gland to produce luteinizing
hormone (LH) and follicle-stimulating hormone (FSH). In the
follicular phase—the first portion of the menstrual cycle—FSH
acts on the ovary to grow follicles, which at the end of the
follicular phase begins to secrete high levels of estradiol. The
estradiol creates a positive feedback effect on the pituitary’s
release of luteinizing hormone, which leads to ovulation—the
release of an oocyte from the mature follicle. The follicle now
becomes the corpus luteum, which begins to secrete progesterone
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FIGURE 1 | Psychiatric comorbidities in women with bipolar disorder with and without comorbid premenstrual dysphoric disorder. ***p < 0.001; **p < 0.01, *p <

0.05. PMDD, Premenstrual Dysphoric Disorder; OCD, Obsessive Compulsive Disorder. Reproduced with permission from Slyepchenko et al. (26).

and estradiol, in the process of luteinization, as induced by LH,
comprising the luteal phase. The high levels of estrogen and
progesterone feedback to FSH and LH secretion, leading the
diminishment in the levels of these hormones. During the late
luteal phase, the corpus luteum becomes inactive, resulting in
a drop in levels of progesterone and estradiol at the end of the
luteal phase, which leads the uterine lining to shed, and menses
to commence (33).

As symptoms of PMDD occur predictably in accordance
with the menstrual phase, some studies of the biological
underpinnings of premenstrual syndrome and its severe
counterparts investigated levels of circulating steroids
and gonadotropins in women with PMDD. These studies
hypothesized that abnormal levels of circulating steroids and
gonadotropins were the cause of this disorder. However, these
studies did not find differences in hormones such as plasma
estradiol, progesterone, testosterone, FSH, or LH levels to differ
in PMDD compared to controls (34, 35).

In a series of elegant studies, Schmidt and Rubinow used
the progesterone receptor antagonist mifepristone (also known
as RU-486), which is able to initiate menses and terminate
activity of the corpus luteum, with or without simultaneous
administration of human chorionic gonadotropin (hCG), which
is able to maintain the activity of the corpus luteum during the
administration of mifepristone, while continuing the effects of
the progesterone antagonist and while initiating menses. This
method allows to maintain the presence and effects of a luteal
phase, or eliminate them, while initiating menses in a blinded
fashion. Females receiving mifepristone with or without hCG
continued to express symptoms of PMDD in the follicular phase,
indicating that the luteal phase is not mandatory for PMDD to be
present (36).

Schmidt et al. then demonstrated that eliminating the
menstrual cycle and associated ovarian suppression through a
GnRH agonist (leuprolide) led to the elimination of symptoms
of PMDD in a majority of the females—findings that were
confirmed by a later meta-analysis, showing that GnRH agonists
are effective at reducing premenstrual symptoms (37, 38). Adding
back estradiol and progesterone in these females led to a return of
PMDD symptoms. However, when this procedure was performed
in women with no history of PMDD, no effects on mood were

seen, demonstrating the presence of an effect of circulating
progesterone and estradiol on mood specifically in individuals
who are sensitive to the hormonal changes (37). Similarly,
converging evidence suggests that suppression of ovulation that
occurs naturally or through hysterectomy and oophorectomy,
combined with continuous estrogen replacement leads to the
amelioration of PMDD symptoms in most females (39, 40).

Schmidt and colleagues investigated whether it was the
change in steroid levels that appeared to initiate the onset of
PMDD symptoms, by administering 3 months of a continuous
level of estradiol and progesterone to responders to the
GnRH agonists. Symptoms of PMDD were only increased
during the first month of the add-back of the combined
estradiol and progesterone treatment, followed by stable mood
for the following 2 months, indicating that it was indeed
changes of estradiol and progesterone that were associated
with PMDD symptoms, rather than increased stable levels of
the hormones (41).

The mechanisms responsible for these effects, however,
remain unknown. One major hypothesized mechanism
behind PMDD is the activity of neurosteroid metabolites
of progesterone, such as allopregnanolone (3α-hydroxy-5α-
pregnan-20-one). Allopregnanolone is metabolized from
progesterone in the brain and in the corpus luteum (42, 43),
and importantly, is a positive allosteric modulator for gamma-
aminobutyric acid (GABA)-A receptors (44–46). This metabolite
rises and falls accompanying the levels of progesterone during
the menstrual cycle (47). It is able to produce anxiolytic (48, 49),
sedative (50), and anti-seizure effects (51). It appears that there is
a paradoxical effect of allopregnanolone in some individuals, and
at high levels, this neurosteroidmay induce negativemood effects
(52). Interestingly, treatment of PMDD with dutasteride, a 5α-
reductase inhibitor which blocks the conversion of progesterone
into allopregnanolone, reduces PMDD symptoms during the
late luteal phase, including sadness, irritability, food cravings,
bloating, and anxiety (53). Animal models also suggest that
changes in progesterone levels and their metabolites can lead to
altered conformation of GABA-A receptors. In turn, stabilizing
levels of hormones normalize receptor conformation (54–56).

On a cellular level, Schmidt and Rubinow’s group found in
that in ovarian steroid-free lymphoblastoid cell line cultures
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FIGURE 2 | Resting state functional connectivity differences between females with bipolar disorder and females with bipolar disorder and comorbid premenstrual

dysphoric disorder. (A) Shows that left hippocampus seed is more connected with the right frontal cortex in females with the comorbid disorders. (B) Shows that right

hippocampus is less functionally connected with left premotor cortex in females with the comorbid disorders. Results corrected for multiple comparisons using false

discovery rate procedure. Reproduced with permission from Syan et al. (27).

from females with PMDD responsive to GnRH agonists, one
of the most significantly over-expressed pathways was the
Extra Sex Combs/ Enhancer of Zester (ESC/E(Z)) complex.
Moreover, the lymphoblastoid cell line cultures in PMDD have
a different sensitivity to estrogen/progesterone compared to
equivalent cultures from women without premenstrual mood
symptoms, reflected in ESC/E(Z) complex expression: in control
cell lines, expression of some ESC/E(Z) genes were increased by
progesterone, but in PMDD cell lines, they were decreased by
estradiol (57). The effects of ovarian steroids may therefore be
differentially regulated through epigenetic pathways in females
with and without PMDD.

Another potential underlying biological component of PMDD
is the effects seen in the brains of females with PMDD through
functional and structural imaging. For instance, studies have
identified a number of candidate regions for differential activity
of steroids. In GnRH agonist-induced ovarian suppression in
women with PMDD, combined with estradiol and progesterone
add-back, women with PMDD exhibited increased activation in
the bilateral dorsolateral prefrontal cortex, medial frontal gyrus
and the cerebellum (58).

NEUROBIOLOGY OF COMORBID
PREMENSTRUAL DYSPHORIC DISORDER
AND BIPOLAR DISORDER

The neurobiological underpinnings of PMDD comorbid with
BD have been little-investigated to date. However, there are
some emerging findings related to hormone levels, structural
and functional neuroimaging beginning to understand the
comorbidity of these disorders.

To our knowledge, no study to date has investigated the
genetic underpinnings of comorbid BD and PMDD. Payne and

colleagues did not find severe premenstrual mood symptoms in
BD-I to exhibit familiality (25).

Our group investigated structural and functional magnetic
resonance imaging (MRI), as well as serum levels of several
hormones and metabolites in 19 females with BD comorbid
with PMDD compared to a female control group (n = 25),
20 females with BD, and 25 females with PMDD during
the mid-follicular and late luteal phases of their menstrual
cycle. Participants enrolled in the study were euthymic for
BD symptoms for at least 2 months prior to enrolling in
this study (27). No differences in hormone levels were found
for either the mid-follicular or the late luteal phase of the
menstrual cycle for the control group, individuals with BD, or BD
comorbid with PMDD, for levels of β17-estradiol, progesterone,
allopregnanolone, or dehydroepiandosterone sulfate. Notably,
levels of allopregnanolone were elevated in individuals with
PMDD only, during both the follicular and late luteal phases (27).

As we investigated whole-brain resting-state functional
connectivity (Figure 2), we found differences in functional
connectivity between the right hippocampus and right premotor
cortex in females with BD and PMDD in a seed-based approach.
During the late luteal phase, in a seed-to-voxel-based analysis
of resting-state functional connectivity MRI, with seeds based in
the bilateral hippocampus, our research group found increased
functional connectivity between the left hippocampus and right
frontal cortex and decreased functional connectivity between the
right hippocampus and the right premotor cortex in females
with both BD and PMDD, compared to females with BD
only. Females with BD and PMDD had increased functional
connectivity between the right hippocampus and left frontal
cortex, bilateral dorsolateral prefrontal cortex, and decreased
functional connectivity between the right hippocampus and
bilateral primary motor cortex, and left hippocampus with left
somatosensory cortex compared to females with PMDD only.
These findings revealed that specific fronto-limbic pathways are
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FIGURE 3 | Cortical thickness differences in females with both bipolar disorder and premenstrual dysphoric disorder to a control population, females with

premenstrual dysphoric disorder only and females with bipolar disorder only. Red regions indicate higher cortical thickness in the first group compared to females with

bipolar disorder and premenstrual dysphoric disorder, while blue regions indicate lower cortical thickness in the first group compared to females with bipolar disorder

and premenstrual dysphoric disorder. BD, bipolar disorder; BDPMDD, bipolar disorder with comorbid premenstrual dysphoric disorder; CTRL, healthy controls;

PMDD, premenstrual dysphoric disorder. Reproduced with permission from Syan et al. (27).

part of the underlying mechanisms involved in comorbid BD
and PMDD (27). Notably, the findings of decreased coupling
between functional connectivity between the hippocampus with
somatosensory and motor areas are similar to those found
in bipolar depression (27, 59). When using the bilateral
ventrolateral prefrontal cortex, ventromedial prefrontal cortex,
amygdala, or postcentral gyrus as seed points, no differences
were found between groups. It is important to note that estrogen
receptor β mRNA expression is high in the hippocampus, giving
a putative role for hormonal influence on these networks (27, 60).

This study additionally investigated cortical thickness between
groups, finding cortical thinning in females with comorbid BD
and PMDD, as compared to BD in a number of areas (Figure 3).
These included the left superior frontal, left pericalcarine, left
superior parietal gyri, and the right middle temporal, and
rostral middle frontal cortices. Cortical thickness increases
were seen in the left superior temporal gyrus. Compared to
individuals with PMDD only, those with BD and PMDD
displayed cortical thinning in the right medial orbitofrontal
cortex, right inferior parietal cortex, and thickening in the
left superior temporal cortex, right pars orbitalis, left lingual
and right superior parietal gyri. Finally, compared to females
without any psychiatric diagnoses, individuals with both BD and
PMDD had cortical thinning in the insula, right middle temporal
gyrus, right medial orbitofrontal cortex, left pars triangularis, left
rostral middle frontal cortex, right cuneus, and right superior

frontal cortex. Overall, these findings indicate the cortex of
females with BD and PMDD is particularly impacted by these
comorbid disorders (27).

Additionally, there was increased volume in the left caudate
nucleus in females with BD-PMDD compared to those with BD
only during the late luteal phase of the menstrual cycle. However,
no differences were found in the right caudate, bilateral putamen,
hippocampus, amygdala, thalamus, accumbens area, or ventral
encephalon (27). Overall, females with both BD and PMDD
appear to experience a unique impact from these disorders
on their brain structure and function, as compared to females
with BD or PMDD only, and those without any psychiatric
disorders. Findings of the unique structural and functional
impact of comorbid BD and PMDD underscore the idea that the
comorbidity of these disorders is linked to a worsened course of
illness in BD (27).

SYMPTOM TRACKING IN COMORBID
BIPOLAR DISORDER AND
PREMENSTRUAL DYSPHORIC DISORDER

Special attention should be paid to symptom tracking in
comorbid BD and PMDD. Given that both BD and PMDD
are characterized by changes in overlapping symptoms
(e.g., irritability, low mood, somatic symptoms), the use

Frontiers in Psychiatry | www.frontiersin.org 7 August 2021 | Volume 12 | Article 719241

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Slyepchenko et al. Comorbid PMDD and BD

of prospective, daily symptom tracking tools is essential to
accurately establishing a diagnosis of PMDD in individuals
with BD. To confirm a diagnosis of PMDD, symptoms must
be tracked for a period of a minimum of two symptomatic
cycles (1). The most commonly used clinical tool used to track
premenstrual symptom severity is the Daily Record of Severity
of Problems (61). However, this tool does not concurrently
track symptom severity of manic and depressive symptoms. To
address this, the McMaster Premenstrual and Mood Symptom
Scale (MAC-PMSS) was developed to prospectively track manic
and depressive symptoms simultaneously with premenstrual
symptoms, in addition to menstrual bleeding, in order to provide
an accurate understanding of the clinical picture, and to be
able to accurately provide a diagnosis of PMDD in females
with BD (62).

Ideally, a diagnosis of PMDD in females with BD should be
confirmed while their BD is relatively stable, and individuals are
currently not in an acute depressive or [hypo]manic episode (63),
in order to ensure appropriate treatment and diagnosis. Daily
symptom tracking should be performed once symptoms of BD
are stabilized, in order to be able to confirm that the symptoms
that occur during the perimenstrual period are not secondary to
BD (63). To perform a differential diagnosis, symptoms specific
to diagnostic criteria of PMDD should be tracked throughout
the course of at least two menstrual cycles, in addition to
menstrual bleeding and spotting, as well as depressive and manic
symptoms. Clinicians can then use the prospective charting to
verify whether there is cyclic change in premenstrual symptoms
that is attributable to the late luteal phase, as opposed to change
in depressive andmanic symptoms unrelated to the premenstrual
cycle phase.

TREATMENT CONSIDERATIONS OF
COMORBID PREMENSTRUAL DYSPHORIC
DISORDER IN BIPOLAR DISORDER

Treatment of severe PMS and PMDD in females with BD is a
challenging and little-investigated topic. There have been several
case studies describing treatment in this population, however
no randomized, placebo-controlled trials have investigated
treatment of PMDD when comorbid with BD. However, these
case studies and the literature available on treatment of PMDD
in the general population, as well as careful consideration of its
interactions with treatment for BD can begin to guide future
investigations of this under-researched topic.

The first-line treatment of severe PMS and PMDD in
the general population is treatment with selective serotonin
reuptake inhibitors (SSRIs) either continuously, or taken during
the luteal phase (64–66). However, treatment of PMDD with
SSRIs in females with BD poses additional concerns due
to risk of antidepressant-induced mania (67). Moreover, if
patients are clinically stable for BD when their diagnosis of
PMDD is established, prescribers may be hesitant to prescribe
antidepressants and risk potential destabilization and mood
worsening (63). Another available intervention for severe PMS
and PMDD is the use of combined oral contraceptives, which

have been shown to decrease premenstrual symptoms and
the associated functional impairment in individuals with these
disorders (68). Additionally, there are a number of non-
pharmacological interventions that have been shown to be
effective in treating premenstrual symptoms, including cognitive
behavioral therapy (69), exercise (70), and supplementation with
vitex agnus castus (71), although none of these treatments have
been reported in individuals with co-morbid BD and PMDD.
Finally, more radical treatment of PMS/PMDD may involve
treatment with GnRH analogs and adding back estrogen and
progesterone therapies, or even surgical interventions (66, 72).

Case studies from Frey and Minuzzi (73) and Smith and Frey
(63) described successful instances of treatment of PMDD in
BD using adjunctive treatment with hormonal contraceptives,
specifically, a continuous transdermal patch of norelgestromin
6.0mg and ethinyl estradiol 0.60mg; or combined oral
contraceptives containing either 3.0mg drospirenone and
0.030mg of ethinyl estradiol or 0.15mg levonorgestrel and
0.020mg of ethinyl estradiol (63, 73). It should be noted, that
in one case, the combined oral contraceptive was discontinued
due to emergent headaches and weight gain, in spite of mood
improvement (73). However, given that these are the only cases
available of management of PMDD in BD, these case studies
are promising, and interventions using hormonal contraceptives
for treatment of PMDD should be tested in randomized,
controlled trials.

In the absence of robust clinical trials in women with
comorbid BD and PMDD, Smith and Frey provided some
clinical recommendations for the management of PMDD in
BD. They recommend psycho-education; lifestyle interventions
that target diet, activity and sleep hygiene; calcium and vitamin
B6 supplementation; cognitive behavioral therapy interventions;
hormonal intervention and, in cases of severe PMDD that
failed use of hormonal interventions, treatment with adjunctive
antidepressants may be needed (63). Clinicians need to be
aware some individuals with BD may feel worse when using
antidepressants or oral contraceptives (e.g., more depressed,
anxious, irritable, agitated, or even suicidal), so close clinical
monitoring is very important in this population. Studies
investigating the treatment of PMDD among individuals with BD
remain as one of the major research gaps, and an unmet clinical
need for these comorbid conditions.

CONCLUSIONS

Severe premenstrual symptoms and PMDD are linked to high
clinical severity, worsened symptomatology and a severe course
of illness in individuals with BD. This increased illness burden
is accompanied by underlying structural and functional cortical
abnormalities, which are likely either an underlying mechanism
or reflection of the increased clinical burden in this population.
However, in spite of this increased clinical burden, there are few
studies that have investigated the neurobiological underpinnings
of the comorbid disorders, and especially, treatment and
management of PMDD in BD. There is a lack of clinical trials
that have evaluated any pharmacological, psychotherapeutic, or
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adjunctive treatment in PMDD among individuals with BD.
Treatment of PMDD in individuals with BD is more complex,
due to the possibility of antidepressant-induced mania, and
overall, maintaining clinical stability across both disorders.
Tracking symptoms of PMDD at the same time as manic and
depressive symptoms, in addition to stabilizing BD prior to
tracking symptoms of PMDD, are critical clinical steps that can
help clinicians and researchers to ensure an accurate diagnosis.
Future prospective investigations of the course of illness and its
neurobiology will allow for a more accurate picture of disease
progression in these comorbid disorders.

AUTHOR CONTRIBUTIONS

AS: conceptualized review and wrote first draft of manuscript.
BF and LM: conceptualized review and wrote manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

This project was funded by an unrestricted educational gift from
Shoppers Drug Mart (Run for Women).

REFERENCES

1. American Psychiatric Association. Diagnostic and statistical manual

of mental disorders (DSM-5 R©). Am Psychiatric. (2013) 171–5.

doi: 10.1176/appi.books.9780890425596

2. Blehar MC, DePaulo JR Jr, Gershon ES, Reich T, Simpson SG, Nurnberger JI

Jr. Women with bipolar disorder: findings from the NIMH genetics initiative

sample. Psychopharmacol Bull. (1998) 34:239–43.

3. Grant BF, Stinson FS, Hasin DS, Dawson DA, Chou SP, Ruan WJ,

et al. Prevalence, correlates, and comorbidity of bipolar I disorder and

axis I and II disorders: results from the National Epidemiologic Survey

on alcohol and related conditions. J Clin Psychiatry. (2005) 66:1205–15.

doi: 10.4088/JCP.v66n1001

4. Merikangas KR, Jin R, He JP, Kessler RC, Lee S, Sampson NA, et al.

Prevalence and correlates of bipolar spectrum disorder in the world

mental health survey initiative. Arch Gen Psychiatry. (2011) 68:241–51.

doi: 10.1001/archgenpsychiatry.2011.12

5. Arnold LM. Gender differences in bipolar disorder. Psychiatr Clin North Am.

(2003) 26:595–620. doi: 10.1016/S0193-953X(03)00036-4

6. Erol A, Winham SJ, McElroy SL, Frye MA, Prieto ML, Cuellar-Barboza AB,

et al. Sex differences in the risk of rapid cycling and other indicators of adverse

illness course in patients with bipolar I and II disorder. Bipolar Disord. (2015)

17:670–6. doi: 10.1111/bdi.12329

7. Williams AJ, Lai Z, Knight S, Kamali M, Assari S, McInnis MG. Risk

factors associated with antidepressant exposure and history of antidepressant-

induced mania in bipolar disorder. J Clin Psychiatry. (2018) 79:17m11765.

doi: 10.4088/JCP.17m11765

8. Di Florio A, Craddock N, van den Bree M. Alcohol misuse in bipolar disorder.

A systematic review and meta-analysis of comorbidity rates. Eur Psychiatry.

(2014) 29:117–24. doi: 10.1016/j.eurpsy.2013.07.004

9. Messer T, Lammers G, Müller-Siecheneder F, Schmidt RF, Latifi S. Substance

abuse in patients with bipolar disorder: a systematic review andmeta-analysis.

Psychiatry Res. (2017) 253:338–50. doi: 10.1016/j.psychres.2017.02.067

10. Suominen K, Mantere O, Valtonen H, Arvilommi P, Leppämäki S, Isometsä

E. Gender differences in bipolar disorder type I and II. Acta Psychiatr Scand.

(2009) 120:464–73. doi: 10.1111/j.1600-0447.2009.01407.x

11. Loftus J, Scott J, Vorspan F, Icick R, Henry C, Gard S, et al. Psychiatric

comorbidities in bipolar disorders: an examination of the prevalence and

chronology of onset according to sex and bipolar subtype. J Affect Disord.

(2020) 267:258–63. doi: 10.1016/j.jad.2020.02.035

12. Kennedy N, Boydell J, Kalidindi S, Fearon P, Jones PB, van Os J, et al. Gender

differences in incidence and age at onset of mania and bipolar disorder over a

35-year period in Camberwell, England. Am J Psychiatry. (2005) 162:257–62.

doi: 10.1176/appi.ajp.162.2.257

13. Baldessarini RJ, Bolzani L, Cruz N, Jones PB, Lai M, Lepri B, et al. Onset-age

of bipolar disorders at six international sites. J Affect Disord. (2010) 121:143–6.

doi: 10.1016/j.jad.2009.05.030

14. Kawa I, Carter JD, Joyce PR, Doughty CJ, Frampton CM, Elisabeth

Wells J, et al. Gender differences in bipolar disorder: age of onset,

course, comorbidity, symptom presentation. Bipolar Disord. (2005) 7:119–25.

doi: 10.1111/j.1399-5618.2004.00180.x

15. Pearlstein T, Steiner M. Premenstrual dysphoric disorder: burden of

illness and treatment update. J Psychiatry Neurosci. (2008) 33:291–301.

doi: 10.1002/9780470515167.ch68

16. Tschudin S, Bertea PC, Zemp E. Prevalence and predictors of

premenstrual syndrome and premenstrual dysphoric disorder in a

population-based sample. Arch Womens Ment Health. (2010) 13:485–94.

doi: 10.1007/s00737-010-0165-3

17. Qiao M, Zhang H, Liu H, Luo S, Wang T, Zhang J, et al. Prevalence

of premenstrual syndrome and premenstrual dysphoric disorder in a

population-based sample in China. Eur J Obstet Gynecol Reprod Biol. (2012)

162:83–6. doi: 10.1016/j.ejogrb.2012.01.017

18. Cohen LS, Soares CN, Otto MW, Sweeney BH, Liberman RF, Harlow BL.

Prevalence and predictors of premenstrual dysphoric disorder (PMDD) in

older premenopausal women. The harvard study of moods and cycles. J Affect

Disord. (2002) 70:125–32. doi: 10.1016/S0165-0327(01)00458-X

19. Gehlert S, Song IH, Chang CH, Hartlage SA. The prevalence of premenstrual

dysphoric disorder in a randomly selected group of urban and rural women.

Psychol Med. (2009) 39:129–36. doi: 10.1017/S003329170800322X

20. Wittchen HU, Becker E, Lieb R, Krause P. Prevalence, incidence and stability

of premenstrual dysphoric disorder in the community. Psychol Med. (2002)

32:119–32. doi: 10.1017/S0033291701004925

21. de Carvalho AB, Cardoso TA, Mondin TC, da Silva RA, Souza LDM,

Magalhães P, et al. Prevalence and factors associated with premenstrual

dysphoric disorder: a community sample of young adult women. Psychiatry

Res. (2018) 268:42–45. doi: 10.1016/j.psychres.2018.06.005

22. Jang D, Elfenbein HA. Menstrual cycle effects on mental health

outcomes: a meta-analysis. Arch Suicide Res. (2019) 23:312–32.

doi: 10.1080/13811118.2018.1430638

23. Perkonigg A, Yonkers KA, Pfister H, Lieb R, Wittchen HU. Risk factors

for premenstrual dysphoric disorder in a community sample of young

women: the role of traumatic events and posttraumatic stress disorder. J Clin

Psychiatry. (2004) 65:1314–22. doi: 10.4088/JCP.v65n1004

24. Dias RS, Lafer B, Russo C, Del Debbio A, Nierenberg AA, Sachs GS, et al.

Longitudinal follow-up of bipolar disorder in women with premenstrual

exacerbation: findings from STEP-BD. Am J Psychiatry. (2011) 168:386–94.

doi: 10.1176/appi.ajp.2010.09121816

25. Payne JL, Klein SR, Zamoiski RB, Zandi PP, BienvenuOJ,MackinnonDF, et al.

Premenstrual mood symptoms: study of familiality and personality correlates

in mood disorder pedigrees. Arch Womens Ment Health. (2009) 12:27–34.

doi: 10.1007/s00737-008-0043-4

26. Slyepchenko A, Frey BN, Lafer B, Nierenberg AA, Sachs GS, Dias RS.

Increased illness burden in women with comorbid bipolar and premenstrual

dysphoric disorder: data from 1 099 women from STEP-BD study. Acta

Psychiatr Scand. (2017) 136:473–82. doi: 10.1111/acps.12797

27. Syan SK, Minuzzi L, Smith M, Costescu D, Allega OR, Hall GBC,

et al. Brain structure and function in women with comorbid bipolar

and premenstrual dysphoric disorder. Front Psychiatry. (2018) 8:301.

doi: 10.3389/fpsyt.2017.00301

28. Fornaro M, Perugi G. The impact of premenstrual dysphoric

disorder among 92 bipolar patients. Eur Psychiatry. (2010) 25:450–4.

doi: 10.1016/j.eurpsy.2009.11.010

Frontiers in Psychiatry | www.frontiersin.org 9 August 2021 | Volume 12 | Article 719241

https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.4088/JCP.v66n1001
https://doi.org/10.1001/archgenpsychiatry.2011.12
https://doi.org/10.1016/S0193-953X(03)00036-4
https://doi.org/10.1111/bdi.12329
https://doi.org/10.4088/JCP.17m11765
https://doi.org/10.1016/j.eurpsy.2013.07.004
https://doi.org/10.1016/j.psychres.2017.02.067
https://doi.org/10.1111/j.1600-0447.2009.01407.x
https://doi.org/10.1016/j.jad.2020.02.035
https://doi.org/10.1176/appi.ajp.162.2.257
https://doi.org/10.1016/j.jad.2009.05.030
https://doi.org/10.1111/j.1399-5618.2004.00180.x
https://doi.org/10.1002/9780470515167.ch68
https://doi.org/10.1007/s00737-010-0165-3
https://doi.org/10.1016/j.ejogrb.2012.01.017
https://doi.org/10.1016/S0165-0327(01)00458-X
https://doi.org/10.1017/S003329170800322X
https://doi.org/10.1017/S0033291701004925
https://doi.org/10.1016/j.psychres.2018.06.005
https://doi.org/10.1080/13811118.2018.1430638
https://doi.org/10.4088/JCP.v65n1004
https://doi.org/10.1176/appi.ajp.2010.09121816
https://doi.org/10.1007/s00737-008-0043-4
https://doi.org/10.1111/acps.12797
https://doi.org/10.3389/fpsyt.2017.00301
https://doi.org/10.1016/j.eurpsy.2009.11.010
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Slyepchenko et al. Comorbid PMDD and BD

29. Choi J, Baek JH, Noh J, Kim JS, Choi JS, Ha K, et al. Association of seasonality

and premenstrual symptoms in bipolar I and bipolar II disorders. J Affect

Disord. (2011) 129:313–6. doi: 10.1016/j.jad.2010.07.030

30. Perich TA, Roberts G, Frankland A, Sinbandhit C, Meade T, Austin MP,

et al. Clinical characteristics of women with reproductive cycle-associated

bipolar disorder symptoms. Aust N Z J Psychiatry. (2017) 51:161–7.

doi: 10.1177/0004867416670015

31. Payne JL, Roy PS, Murphy-Eberenz K, Weismann MM, Swartz KL, McInnis

MG, et al. Reproductive cycle-associated mood symptoms in women with

major depression and bipolar disorder. J Affect Disord. (2007) 99:221–9.

doi: 10.1016/j.jad.2006.08.013

32. Rasgon N, Bauer M, Grof P, Gyulai L, Elman S, Glenn T, et al. Sex-specific

self-reported mood changes by patients with bipolar disorder. J Psychiatr Res.

(2005) 39:77–83. doi: 10.1016/j.jpsychires.2004.05.006

33. Farage MA, Neill S, MacLean AB. Physiological changes associated with

the menstrual cycle: a review. Obstet Gynecol Surv. (2009) 64:58–72.

doi: 10.1097/OGX.0b013e3181932a37

34. Bäckström T, Sanders D, Leask R, Davidson D, Warner P, Bancroft J. Mood,

sexuality, hormones, and the menstrual cycle. II. Hormone levels and their

relationship to the premenstrual syndrome. PsychosomMed. (1983) 45:503–7.

doi: 10.1097/00006842-198312000-00004

35. Rubinow DR, Hoban MC, Grover GN, Galloway DS, Roy-Byrne P, Andersen

R, et al. Changes in plasma hormones across the menstrual cycle in patients

with menstrually related mood disorder and in control subjects. Am J Obstet

Gynecol. (1988) 158:5–11. doi: 10.1016/0002-9378(88)90765-X

36. Schmidt PJ, Nieman LK, Grover GN, Muller KL, Merriam GR,

Rubinow DR. Lack of effect of induced menses on symptoms in

women with premenstrual syndrome. N Engl J Med. (1991) 324:1174–9.

doi: 10.1056/NEJM199104253241705

37. Schmidt PJ, Nieman LK, Danaceau MA, Adams LF, Rubinow DR.

Differential behavioral effects of gonadal steroids in women with and in

those without premenstrual syndrome. N Engl J Med. (1998) 338:209–16.

doi: 10.1056/NEJM199801223380401

38. Wyatt KM, Dimmock PW, Ismail KM, Jones PW, O’Brien PM. The

effectiveness of GnRHa with and without ’add-back’ therapy in treating

premenstrual syndrome: a meta analysis. Bjog. (2004) 111:585–93.

doi: 10.1111/j.1471-0528.2004.00135.x

39. Casper RF, HearnMT. The effect of hysterectomy and bilateral oophorectomy

in women with severe premenstrual syndrome. Am J Obstet Gynecol. (1990)

162:105–9. doi: 10.1016/0002-9378(90)90831-Q

40. Hammarbäck S, Ekholm UB, Bäckström T. Spontaneous anovulation causing

disappearance of cyclical symptoms in women with the premenstrual

syndrome. Acta Endocrinol. (1991) 125:132–7. doi: 10.1530/acta.0.1250132

41. Schmidt PJ, Martinez PE, Nieman LK, Koziol DE, Thompson KD,

Schenkel L, et al. Premenstrual dysphoric disorder symptoms following

ovarian suppression: triggered by change in ovarian steroid levels

but not continuous stable levels. Am J Psychiatry. (2017) 174:980–9.

doi: 10.1176/appi.ajp.2017.16101113

42. Ottander U, Poromaa IS, Bjurulf E, Skytt A, Bäckström T, Olofsson

JI. Allopregnanolone and pregnanolone are produced by the

human corpus luteum. Mol Cell Endocrinol. (2005) 239:37–44.

doi: 10.1016/j.mce.2005.04.007

43. Agís-Balboa RC, Pinna G, Zhubi A, Maloku E, Veldic M, Costa E,

et al. Characterization of brain neurons that express enzymes mediating

neurosteroid biosynthesis. Proc Natl Acad Sci USA. (2006) 103:14602–7.

doi: 10.1073/pnas.0606544103

44. Harrison NL, Majewska MD, Harrington JW, Barker JL. Structure-activity

relationships for steroid interaction with the gamma-aminobutyric acidA

receptor complex. J Pharmacol Exp Ther. (1987) 241:346–53.

45. Puia G, Santi MR, Vicini S, Pritchett DB, Purdy RH, Paul SM, et al.

Neurosteroids act on recombinant human GABAA receptors. Neuron. (1990)

4:759–65. doi: 10.1016/0896-6273(90)90202-Q

46. Puia G, Mienville JM, Matsumoto K, Takahata H, Watanabe H, Costa

E, et al. On the putative physiological role of allopregnanolone on

GABA(A) receptor function. Neuropharmacology. (2003) 44:49–55.

doi: 10.1016/S0028-3908(02)00341-6

47. Genazzani AR, Petraglia F, Bernardi F, Casarosa E, Salvestroni C, Tonetti

A, et al. Circulating levels of allopregnanolone in humans: gender,

age, endocrine influences. J Clin Endocrinol Metab. (1998) 83:2099–103.

doi: 10.1210/jcem.83.6.4905

48. Bitran D, Shiekh M, McLeod M. Anxiolytic effect of progesterone is

mediated by the neurosteroid allopregnanolone at brain GABAA receptors.

J Neuroendocrinol. (1995) 7:171–7. doi: 10.1111/j.1365-2826.1995.tb00744.x

49. Engin E, Treit D. The anxiolytic-like effects of allopregnanolone vary

as a function of intracerebral microinfusion site: the amygdala, medial

prefrontal cortex, or hippocampus. Behav Pharmacol. (2007) 18:461–70.

doi: 10.1097/FBP.0b013e3282d28f6f

50. Timby E, Balgård M, Nyberg S, Spigset O, Andersson A, Porankiewicz-

Asplund J, et al. Pharmacokinetic and behavioral effects of

allopregnanolone in healthy women. Psychopharmacology. (2006) 186:414–24.

doi: 10.1007/s00213-005-0148-7

51. Wu YV, Burnham WM. Progesterone, 5a-dihydropogesterone and

allopregnanolone’s effects on seizures: a review of animal and clinical

studies. Seizure. (2018) 63:26–36. doi: 10.1016/j.seizure.2018.10.012

52. Bäckström T, Haage D, LöfgrenM, Johansson IM, Strömberg J, Nyberg S, et al.

Paradoxical effects of GABA-A modulators may explain sex steroid induced

negative mood symptoms in some persons. Neuroscience. (2011) 191:46–54.

doi: 10.1016/j.neuroscience.2011.03.061

53. Martinez PE, Rubinow DR, Nieman LK, Koziol DE, Morrow AL, Schiller

CE, et al. 5α-reductase inhibition prevents the luteal phase increase in

plasma allopregnanolone levels and mitigates symptoms in women with

premenstrual dysphoric disorder.Neuropsychopharmacology. (2016) 41:1093–

102. doi: 10.1038/npp.2015.246

54. Guilinello M, Gong Q, Li X, Smith SJBR. Short-term exposure to a

neuroactive steroid increases a4 GABAA receptor subunit levels in association

with increased anxiety in the female rat. Brain Res. (2001) 910:55–66.

doi: 10.1016/S0006-8993(01)02565-3

55. Gulinello M, Smith SS. Anxiogenic effects of neurosteroid exposure: sex

differences and altered GABAA receptor pharmacology in adult rats. J

Pharmacol Exp Ther. (2003) 305:541–8. doi: 10.1124/jpet.102.045120

56. Shen H, Gong QH, Yuan M, Smith SS. Short-term steroid treatment

increases delta GABAA receptor subunit expression in rat CA1 hippocampus:

pharmacological and behavioral effects. Neuropharmacology. (2005) 49:573–

86. doi: 10.1016/j.neuropharm.2005.04.026

57. Dubey N, Hoffman JF, Schuebel K, Yuan Q, Martinez PE, Nieman LK,

et al. The ESC/E(Z) complex, an effector of response to ovarian steroids,

manifests an intrinsic difference in cells from women with premenstrual

dysphoric disorder. Mol Psychiatry. (2017) 22:1172–84. doi: 10.1038/mp.

2016.229

58. Baller EB, Wei SM, Kohn PD, Rubinow DR, Alarcón G, Schmidt PJ,

et al. Abnormalities of dorsolateral prefrontal function in women

with premenstrual dysphoric disorder: a multimodal neuroimaging

study. Am J Psychiatry. (2013) 170:305–14. doi: 10.1176/appi.ajp.2012.

12030385

59. Northoff G, Magioncalda P, Martino M, Lee HC, Tseng YC, Lane T. Too fast

or too slow? Time and neuronal variability in bipolar disorder-a combined

theoretical and empirical investigation. Schizophr Bull. (2018) 44:54–64.

doi: 10.1093/schbul/sbx050

60. Osterlund MK, Gustafsson JA, Keller E, Hurd YL. Estrogen receptor beta

(ERbeta) messenger ribonucleic acid (mRNA) expression within the human

forebrain: distinct distribution pattern to ERalpha mRNA. J Clin Endocrinol

Metab. (2000) 85:3840–6. doi: 10.1210/jc.85.10.3840

61. Endicott J, Nee J, Harrison W. Daily record of severity of problems

(DRSP): reliability and validity. Arch Women’s Mental Health. (2006) 9:41–9.

doi: 10.1007/s00737-005-0103-y

62. Allega O, Dhaliwal D, Gusenbauer K, Minuzzi L, Frey B. MAC-PMSS:

preliminary analyses of a new DSM-5-based tool to monitor concurrent

mood and premenstrual symptoms. Bipolar Disord. (2015) 17:120–1.

doi: 10.1111/bdi.12309

63. Smith M, Frey BN. Treating comorbid premenstrual dysphoric disorder

in women with bipolar disorder. J psychiatry Neurosci. (2016) 41:E22–3.

doi: 10.1503/jpn.150073

64. Marjoribanks J, Brown J, O’Brien PMS, Wyatt K. Selective serotonin

reuptake inhibitors for premenstrual syndrome. Cochrane Database

Syst Rev. (2013) 2013:CD001396-CD001396. doi: 10.1002/14651858.

CD001396.pub3

Frontiers in Psychiatry | www.frontiersin.org 10 August 2021 | Volume 12 | Article 719241

https://doi.org/10.1016/j.jad.2010.07.030
https://doi.org/10.1177/0004867416670015
https://doi.org/10.1016/j.jad.2006.08.013
https://doi.org/10.1016/j.jpsychires.2004.05.006
https://doi.org/10.1097/OGX.0b013e3181932a37
https://doi.org/10.1097/00006842-198312000-00004
https://doi.org/10.1016/0002-9378(88)90765-X
https://doi.org/10.1056/NEJM199104253241705
https://doi.org/10.1056/NEJM199801223380401
https://doi.org/10.1111/j.1471-0528.2004.00135.x
https://doi.org/10.1016/0002-9378(90)90831-Q
https://doi.org/10.1530/acta.0.1250132
https://doi.org/10.1176/appi.ajp.2017.16101113
https://doi.org/10.1016/j.mce.2005.04.007
https://doi.org/10.1073/pnas.0606544103
https://doi.org/10.1016/0896-6273(90)90202-Q
https://doi.org/10.1016/S0028-3908(02)00341-6
https://doi.org/10.1210/jcem.83.6.4905
https://doi.org/10.1111/j.1365-2826.1995.tb00744.x
https://doi.org/10.1097/FBP.0b013e3282d28f6f
https://doi.org/10.1007/s00213-005-0148-7
https://doi.org/10.1016/j.seizure.2018.10.012
https://doi.org/10.1016/j.neuroscience.2011.03.061
https://doi.org/10.1038/npp.2015.246
https://doi.org/10.1016/S0006-8993(01)02565-3
https://doi.org/10.1124/jpet.102.045120
https://doi.org/10.1016/j.neuropharm.2005.04.026
https://doi.org/10.1038/mp.2016.229
https://doi.org/10.1176/appi.ajp.2012.12030385
https://doi.org/10.1093/schbul/sbx050
https://doi.org/10.1210/jc.85.10.3840
https://doi.org/10.1007/s00737-005-0103-y
https://doi.org/10.1111/bdi.12309
https://doi.org/10.1503/jpn.150073
https://doi.org/10.1002/14651858.CD001396.pub3
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Slyepchenko et al. Comorbid PMDD and BD

65. Hofmeister S, Bodden S. Premenstrual syndrome and premenstrual dysphoric

disorder. Am Fam Physician. (2016) 94:236–40.

66. RCOG Green-top Guideline No. 48. Management of premenstrual syndrome.

BJOG. (2017) 124:e73–105. doi: 10.1111/1471-0528.14260

67. Fornaro M, Anastasia A, Novello S, Fusco A, Solmi M, Monaco F, et al.

Incidence, prevalence and clinical correlates of antidepressant-emergent

mania in bipolar depression: a systematic review and meta-analysis. Bipolar

Disord. (2018) 20:195–227. doi: 10.1111/bdi.12612

68. Lopez LM, Kaptein AA, Helmerhorst FM. Oral contraceptives containing

drospirenone for premenstrual syndrome. Cochrane Database Syst Rev.

(2012). CD006586. doi: 10.1002/14651858.CD006586.pub4

69. Kancheva Landolt N, Ivanov K. Short report: cognitive behavioral

therapy - a primary mode for premenstrual syndrome management:

systematic literature review. Psychol Health Med. (2020) 26:1–12.

doi: 10.1080/13548506.2020.1810718

70. Pearce E, Jolly K, Jones LL, Matthewman G, Zanganeh M, Daley A.

Exercise for premenstrual syndrome: a systematic review and meta-analysis

of randomised controlled trials. BJGP Open. (2020) 4:bjgpopen20X101032.

doi: 10.3399/bjgpopen20X101032

71. Cerqueira RO, Frey BN, Leclerc E, Brietzke E. Vitex agnus castus

for premenstrual syndrome and premenstrual dysphoric disorder:

a systematic review. Arch Womens Ment Health. (2017) 20:713–9.

doi: 10.1007/s00737-017-0791-0

72. Panay N. Treatment of premenstrual syndrome: a decision-making algorithm.

Menopause Int. (2012) 18:90–2. doi: 10.1258/mi.2012.012019

73. Frey BN, Minuzzi L. Comorbid bipolar disorder and premenstrual dysphoric

disorder: real patients, unanswered questions. Arch Women’s Mental Health.

(2013) 16:79–81. doi: 10.1007/s00737-012-0313-z

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Slyepchenko, Minuzzi and Frey. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Psychiatry | www.frontiersin.org 11 August 2021 | Volume 12 | Article 719241

https://doi.org/10.1111/1471-0528.14260
https://doi.org/10.1111/bdi.12612
https://doi.org/10.1002/14651858.CD006586.pub4
https://doi.org/10.1080/13548506.2020.1810718
https://doi.org/10.3399/bjgpopen20X101032
https://doi.org/10.1007/s00737-017-0791-0
https://doi.org/10.1258/mi.2012.012019
https://doi.org/10.1007/s00737-012-0313-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Comorbid Premenstrual Dysphoric Disorder and Bipolar Disorder: A Review
	Introduction
	Severe Premenstrual Syndrome and Premenstrual Dysphoric Disorder

	Methods
	Severe Premenstrual Syndrome and Premenstrual Dysphoric Disorder in Bipolar Disorder
	Clinical Presentation of Comorbid Bipolar Disorder and Premenstrual Dysphoric Disorder
	Biological Underpinnings of Premenstrual Dysphoric Disorder
	Neurobiology of Comorbid Premenstrual Dysphoric Disorder and Bipolar Disorder
	Symptom Tracking in Comorbid Bipolar Disorder and Premenstrual Dysphoric Disorder
	Treatment Considerations of Comorbid Premenstrual Dysphoric Disorder in Bipolar Disorder
	Conclusions
	Author Contributions
	Funding
	References


