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Abstract

Recently, the term premenstrual disorders (PMDs), which includes premenstrual syndrome and premen-
strual dysphoric disorder as a continuum, has been proposed. Although the precise etiology of PMDs
remains unknown, the involvement of hormonal fluctuations is clear. The brain transmitters, serotonin
and γ-amino butyric acid, also seem to be involved. Serotonin reuptake inhibitors and oral contraceptives
are the current mainstay of treatment, but these are insufficient. Even the currently used prospective two-
period symptom diary is not widely used in actual clinical practice, creating a major problem of discrep-
ancy between research and clinical practice. In this review, I would like to outline the latest information
and problems in the etiology, diagnosis, and treatment of PMDs, with an emphasis on promising new
therapies.
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INTRODUCTION

Premenstrual symptoms are characterized by a vari-
ety of psycho-physical symptoms that are present in
the luteal phase before menstruation and impair the
quality of life of many women.1 Epidemiological
studies show that the prevalence of premenstrual
symptoms, including mild cases, is very high, rang-
ing from 80% to 90%.2 As diseases with intense pre-
menstrual symptoms, they have been classified as
premenstrual syndrome (PMS) in the field of gyne-
cology and as premenstrual dysphoric disorder
(PMDD) in the field of psychiatry. In recent years,
they have been recognized under the name of pre-
menstrual disorders (PMDs), which encompasses
both.3 The exact pathophysiology of PMDs remains
unclear. In this review, I will examine the current
status and challenges of diagnosis and treatment
in PMDs.

Diagnostic criteria

Although weak premenstrual symptoms can be con-
sidered a physiological condition, among biological
women of reproductive age, 20–30% are diagnosed
with PMS and 1.2–6.4% with PMDD.1 The American
College of Obstetricians and Gynecologists (ACOG)’s
PMS diagnostic criteria require one or more affective
or somatic symptoms that impair social, work, or
school performance for a diagnosis of PMS.4 PMDD is
diagnosed mainly by its psychiatric symptoms,
according to the Diagnostic and Statistical Manual
of Mental Disorders (DSM). The most updated
version is the DSM Fifth Edition, Text Revision.5

According to these criteria, at least five symptoms
including affective symptoms with functional impair-
ment are necessary for diagnosis. In actual clinical
practice, premenstrual symptoms may indicate severe
impairment of social life, although they do not meet
the diagnostic criteria for PMDD. In contrast, the
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diagnostic criteria for PMD proposed by Interna-
tional Society for Premenstrual Disorders (ISPMD)
have no restrictions regarding the number of symp-
toms and match the needs of patients seeking treat-
ment (Figure 1). According to these criteria, ISPMD
defines the classic PMS as core PMDs. Among the
core PMDs, PMDD is defined as a severe disorder
with affective symptoms as the main symptom. It
has been found that patients tend to overestimate
premenstrual symptoms because they are cyclic, pre-
sent only in the luteal phase, and resolve after the
onset of menstruation.6,7 Therefore, each of the diag-
nostic criteria of ACOG, DSM, and ISPMD also
requires the inclusion of a symptom diary for two
cycles of a prospective menstrual cycle. While pro-
spective evaluation is useful for accurate diagnosis,
it may be problematic for the patient to maintain
such a diary, which she may find difficult. In a sur-
vey of family physicians and gynecologists in the
US, only 11.5% of physicians performed a prospec-
tive two-cycle symptom.8 In a recent survey con-
ducted by the Japanese Society of Obstetrics and
Gynecology, the prospective two-cycle symptom
diary practice rate was 8.4%, a rate as low as in the
US. A recent survey of 2512 patients treated for
PMDD symptoms reported that 68% of cases were
diagnosed with PMDD by a diagnostic method other
than a prospective daily chart.9 These data show that
a disconnect exists between research recommenda-
tions and actual practice in the diagnosis of PMDD.
In the future, it will be necessary to develop new,
simpler diagnostic methods, such as biomarker
development, to add to the currently practice of
diagnosis based upon symptoms.

Epidemiology

Due to the complexities of forward-looking diary-
based assessments, there are actually few studies on
the incidence of PMS and PMDD using rigorous
criteria. Studies of community populations have
shown that the prevalence of PMS is 20 � 30% and
that of PMDD is 1.2% � 6.4%.1 In the old days, PMS
was a Western culture-specific disease,10 but data
from retrospective studies show that it exists world-
wide.11 One prospective evaluation study conducted
in Asia, involving 815 participants in China, has been
reported.12 According to this study, the prevalence of
PMS is 21.1% and that of PMDD is 2.1%, which are
somewhat lower than that in Western countries. In
Japan, only retrospective data exist, but one report
showed a lower incidence of PMS (5.3%) and PMDD
(1.2%) than the Chinese results.13 As both studies
used the questionnaire using the DSM-based premen-
strual symptoms, I could compare the prevalence of
each symptom. The most frequent symptoms were
different between the patients in the two countries;
irritability (91.2%) in China and physical symptoms
(81.2%) in Japan.

Although the highest percentage of those receiving
medical care are reported to be in their 30s,14 many
studies reported that PMDs are also recognized in
adolescents.15–17 One report from Japan indicates that
the severity of PMDs is higher in adolescents than in
adults, based on comparisons using the same survey
instrument.16 PMDs are not only a negative impact on
academics, but also an important issue for the perfor-
mance of female athletes, many of whom are teen-
agers at the midpoint of their careers.18–21

Along with PMDs, menorrhagia, the most common
symptom associated with menstruation, is known to
begin around 6 to 12 months after menarche.22 There
is a correlation between the severity of menstrual pain
and premenstrual symptoms, and perhaps the two
influence each other.23 A study of Japanese high
school students aged 15 to 19 years showed that they
began to notice premenstrual symptoms at a median
age of 15 years (IQR: 14–16 years). From menarche,
the median age was 2 years, and this value was
inversely correlated with age at menarche (ρ = �0.47,
p < 0.001). A Cox proportional hazards regression
analysis showed that early menarche (≤11) was signif-
icantly associated with a lower cumulative risk of
developing premenstrual symptoms (OR: 0.73 [95%
CI 0.58 to 0.91]). This means that while menstrual
pain begins to appear with the establishment of the

FIGURE 1 Premenstrual disorders. HRT, hormone
replacement therapy; OCP, oral contraceptive;
PMDD, premenstrual dysphoric disorder; PMDs, pre-
menstrual disorders; PMS, premenstrual syndrome;
TAH, total abdominal hysterectomy.
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ovulatory cycle after menarche, premenstrual symp-
toms are influenced not just by endocrine factors, but
perhaps by social factors as well. One can speculate
about the pathophysiological differences between
the two.

Screening and diagnostic questionnaires

To avoid recall bias, as mentioned above, a pro-
spective two menstrual cycle symptom record is
necessary for accurate diagnosis, but it is also com-
plicated. Although a detailed interview of the
patient is necessary, the use of screening tools for
PMDs is helpful for an efficient examination. In a
survey of family physicians and gynecologists in the
United States, 23.0% of physicians performed a
screening questionnire.8 The Premenstrual symptom
screening tool (PSST) is a screening tool originated
from the DSM-IV PMDD criteria.15,24 The PSST was
translated from English to many languages, such as
German,25 Portuguese,26 Arabic,27 and so on. The
PMDD scale in Japanese is essentially the Japanese
version of PSST.28 Despite its general use around the
world, the original English version has not been ade-
quately validated for reliability, and psychometric
properties have not been adequately analyzed.13 The
PSST consists of 12 symptoms listed in the DSM-IV
criteria for PMDD, with “Insomnia or hypersomnia”
divided into “Insomnia” and “Hypersomnia” as
separate symptoms. The PSST also includes five
items on functional impairment; in total, 17 items are
included in the PSST. Recently, an analysis using
item response theory (IRT) was reported for the
PSST.29 The IRT complements the traditional classi-
cal test theory (CTT) and allows a more detailed
examination of individual survey items such as the
quality.30 According to this report, “Insomnia” is a
dimension independent of PMDs. In the PSST, there
seems to be no significance in separating “insomnia”
and “hypersomnia” into individual items.

On the other hand, the PSQ is a screening tool
developed in Japan independently of the PSST, and
consists of 14 items in total, including 11 premenstrual
symptoms listed in the DSM-IV criteria and three
items to evaluate the degree of social disability caused
by these symptoms.13 The PSQ exists only in Japanese
and is used in many epidemiological and clinical
studies.14,23–30 The PSQ is essentially the short form of
the PSST and has been confirmed to be in agreement
with the PMDD scale, the Japanese version of PSST.31

Furthermore, the PSQ has been adequately validated
for reliability, and psychometric properties have been

shown to be sound. More recently, the short-form of
the PSQ (PSQ-S), consisting of nine items from the
PSQ was developed and analyzed by CTT and IRT.32

In CTT, the PSQ-S showed the same ability as the
PSQ in the aspect of reliability, structural validity,
and concurrent validity. Moreover, IRT showed that
the all nine items in the PSQ-S performed well. Even
though the PSQ-S reduced the number of questions
from the PSQ to 64.3%, the maximum information
content was maintained at 87.5%, indicating that the
PSQ-S is useful as a shortened version of the PSQ.
After interview and use of a validated screening

tool, an accurate diagnosis requires a prospective
symptom assessment of two menstrual cycles. The
Diary Record of Severity of Problems (DRSP) is the
most universally used diary for recording symptoms,
based on the DSM-IV PMDD criteria, worldwide, and
is included in the UK’s Green Top Guidelines.33 The
original English version has been adequately tested
for reliability validity, but psychometric properties
have not been fully examined.34 For Asian languages,
Chinese and Japanese versions have been created and
validity and reliability have been examined.35–40 Two
types of questionnaires exist in the Japanese version:
the DRSP-J36–38 and the J-DRSP,39,40 which were
developed independently. The Chinese version of the
DRSP and DRSP-J showed strong evidence of validity
and reliability as compared with the original DRSP.
As for the J-DRSP, it has the disadvantage that test–
retest reliability is somewhat problematic, especially
in the follicular phase. As to the structural validity of
DRSP-J, confirmatory factor analysis (CFA) showed
that a two-factor model (Mood and Behavior/Physi-
cal) was an acceptably good fit.38 Conversely, J-DRSP
showed poor fit for CFA The short form of J-DRSP
was shown to be a relatively good fit, but only two
evaluation methods were used.40

Etiology

Although the precise etiology of PMDs is remains
unknown, there is no doubt about the involvement of
hormonal fluctuations, as symptoms do not appear
before menarche, during pregnancy, or after meno-
pause. In PMDD patients, the administration of
leuprolide, a Gonadotropin-releasing hormones
(GnRH) agonists, which suppresses ovulation, sup-
presses premenstrual symptoms, but estrogen and
progesterone replacement has been reported to cause
a recurrence of premenstrual symptoms.41 Under the
same circumstances, it has been reported that premen-
strual symptoms are more pronounced in the first

512 © 2022 Japan Society of Obstetrics and Gynecology.
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month of hormone replacement and less pronounced
later, when hormone levels have stabilized.42 This fact
indicates the importance of hormonal fluctuations in
the etiology of PMDs.
As far as neurotransmitters are concerned, two

have been proposed to be involved in the pathology
of PMDs: serotonin and γ-amino butyric acid
(GABA).43 Serotonin is a well-known etiologic factor
in mood and anxiety disorders as well as PMS.44

Serotonin is activated by estrogen, so serotonin
levels are physiologically low before menstrua-
tion.45,46 With regard to serotonin reuptake inhibi-
tors (SSRI), which are antidepressants, the fact that
they are considered in the first-line treatment for
PMS/PMDD supports the importance of serotonin
in the etiology of PMDs.4,33 Removal of tryptophan,
a precursor of serotonin, from the diet has been
reported to cause premenstrual symptoms, which
further suggests serotonin involvement in etiology.47

Neuro-imaging is a very advanced method in neuro-
science to evaluate neurotransmission in the brain,
and has been applied to PMDD.48 A report using
neuroimaging showed a difference in the serotonin
receptor 1A availability between PMDD patients
and control women from the follicular to the luteal
phase.49

Another neurotransmitter, GABA, is known to
have inhibitory effects on the central nervous system.50

Allopregnanolone (ALLO), a metabolite from proges-
terone, is a potent positive allosteric modulator of
GABAA receptor and acts as a neuroactive steroid
(Figure 2).51 ALLO is metabolized from progesterone
with 5-alpha reductase. Both progesterone and ALLO
increase in the luteal phase and rapidly decrease
around menstruation. An animal model of PMDD cre-
ated by rapid progesterone depletion reported
enhanced anxiety behavior and altered GABA receptor
function.52,53 With regard to blood levels of ALLO in
humans, it has been reported that in the luteal phase,
these are decreased in PMDD patients compared with
those in controls.54,55 Dutasteride, a 5-alpha reductase
inhibitor showed significant improvement in PMDD
symptoms in a preliminarily placebo-controlled
randomized controlled trial (RCT).56 This study
indicates that fluctuations in ALLO are involved in
the etiology of PMDD. For an ALLO antagonist,
Sepranolone, the placebo-controlled phase 2 trial
showed fairly promising results, but did not differ
significantly from placebo in efficacy on the primary
endpoint.57 Further study is needed to confirm its
applicability to humans.

Several reports using neuro-imaging showed some
relationships between PMDD and GABAergic system
in brain.58,59 Proton magnetic resonance spectroscopic
findings of cortical GABA showed that GABA levels
decreased from the follicular to the luteal phase in
normal subjects, whereas they increased in PMDD
patients.58

Brain derived neuro trophic factor (BDNF), which
is essential for nerve cell growth, is thought to interact
with serotonin systems in mood disorders.60 The asso-
ciation of lower levels of BDNF and BDNF Val66Met
polymorphism with increased risk for depression has
been reported.61,62 PMDD patients with BDNF
Val66Met polymorphism have lower front-cingulate
cortex activation in the luteal phase compared with
controls with the Met allele.63 Serum BDNF levels in
the luteal phase are higher in PMDD patients than in
controls, and conversely lower in PMS patients.64,65

Thus, further research is needed on the relationship
between PMDs and BDNF.

The gut microbiota-brain axis has been the focus of
much attention, and many studies have been con-
ducted on psychiatric disorders, including depression,
and gut microbiota.66–70 A study comparing the gut
microbiota of PMDs patients and healthy controls
showed that certain characteristics of the gut

FIGURE 2 Progesterone synthesis and metabolism
route
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microbiota were associated with premenstrual symp-
toms.71 Linear discriminant effect size analysis
showed that organisms such as Parabacteroides,
Butyricicoccus, and Megasphaera were decreased in
patients with PMDs. Parabacteroides is a GABA-
producing bacterium, and Butyricicoccus, and Mega-
sphaera contribute to BDNF production via butyric
acid production. The gut microbiota may be involved
in PMDs via brain transmitters.

Treatments

Usually, five types of treatments are used: (1) non-
pharmacologic, (2) antidepressants, (3) hormone ther-
apy, (4) vitamin and complementary medicine, and
(5) surgery.

Nonpharmacologic treatments
It is a good alternative when symptoms are mild, or
when premenstrual symptoms are present but do not
meet the diagnostic criteria for PMS or PMDD.
Because it is less invasive, it is positioned as the first
step in treatment.

Many efficacy studies, including three RCTs, have
been conducted on cognitive behavioral therapy
(CBT).72 In an RCT comparing the SSRI fluoxetine,
CBT alone, and a combination of both, there was no
significant difference in efficacy between the three
groups after 6 months treatment.73 Interestingly, the
CBT group showed a significantly lower recurrence
rate during follow-up.

With regard to lifestyle improvements, better eating
habits and adequate exercise will be adopted. Dietary
intervention with complex carbohydrates (elevating
serum tryptophan) in the luteal phase improved PMS
mood and appetite symptoms compared with placebo
food by RCT.74

Antidepressants
There is strong evidence for the use of SSRIs for the
treatment of PMDD75 and they are considered a first
line of treatment.4,33,76 Unlike the treatment of depres-
sion, the efficacy of SSRIs administered after the onset
of symptoms has been reported in the case of PMDD,
assuming a different mechanism of action.77

Hormone therapy
The purpose of hormonal treatment is to suppress ovu-
lation., Oral contraceptives (OCPs) were the first drugs
to be used. OCPs containing drospirenone and ethinyl
estradiol significantly improved PMDD symptoms.78

Continuous dosing regimens are advantageous for

improving premenstrual symptoms because they
eliminate the hormone-free period compared with
regimens with classical withdrawal periods.33 There
are reports suggesting the effectiveness of sequential
dosing.79,80

GnRH agonists suppress ovulation and improve
the PMS symptoms.81,82 Low estrogen status results
in symptoms of vasomotor symptoms, bone loss, and
vaginal atrophy, similar to those seen after meno-
pause, requiring estrogen add-back. Because of this
invasive nature of the treatment, GnRH agonists are
not first-line drugs and are indicated for SSRIs and
OCPs invalid cases.33

Vitamins and complementary medicine
A variety of alternative medicines are being used
around the world, but the evidence is limited.33

Among them, vitamin B6 (pyridoxine) has been
extensively studied and moderate benefit was
reported in 100 mg of pyridoxine treatment for pre-
menstrual symptoms.83 In the RCOG guidelines, vita-
min B6 is listed as one of the first choices in the
treatment algorithm.33

Calcium carbonate supplementation with 1200 mg
daily was reported to be effective compared with
placebo for premenstrual symptoms.84 However,
this effect was only weak compared with that of
fluoxetine.85

Vitex agnus castus (chasteberry) is widely used in
Europe and has been the subject of numerous studies,
with a meta-analysis of 17 trials reporting efficacy
compared with placebo.86

In Japan, Kampo, a type of herbal medicine, has tra-
ditionally been used in general practice. In a survey
of Japanese obstetricians and gynecologists, the fre-
quency of use of Kampo medicine as a first-line treat-
ment for PMDs was 19%, ranking second after OCPs.
Kampo medicines are available as extracted powder
manufactured as industrial products by pharmaceuti-
cal companies, and can be prescribed in the same way
as Western medicines. Kampo medicines have a
high degree of uniformity of ingredients, and in the
field of obstetrics and gynecology, their efficacy in the
treatment of menopausal symptoms was examined
using a placebo-controlled trial.87 The only efficacy
studies for PMDD have been preliminarily conducted
using one of the Kampo formula Kamisyoyosan.88

Kamisyoyosan has been reported to act on the brain
serotonin system in a mouse model of depression,89

making it a promising therapeutic agent for PMDs.

514 © 2022 Japan Society of Obstetrics and Gynecology.
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Surgery
Surgical intervention, total hysterectomy and bilateral
adnexectomy, is a permanent treatment limited to
cases of recurrence of intense symptoms.90

EXPECTED NEW TREATMENTS

The ALLO targeting strategy, such as a 5-alpha reduc-
tase inhibitor (Dutasteride) and ALLO antagonist
(Sepranolone) are promising.56,57 These drugs are
under development, with no indications in other dis-
eases, and further validation of their efficacy and safety
is needed before they can be put into practical use.
Ulipristal Acetate (UPA), a progesterone receptor

modulator, which functions as a progesterone antago-
nist, has been shown to be effective for PMDD symp-
toms by double-blind, placebo-controlled, randomized,
comparative studies.91 Since continuous UPA adminis-
tration suppresses ovulation, the therapeutic effect on
PMDD is predictable. UPA differs from GnRH agonists
in that estradiol concentrations are maintained at levels
corresponding to the follicular phase.92 Therefore, it
has the advantage that symptoms of deficient ovarian
function are not observed. UPA has been commercial-
ized as a treatment for uterine fibroids and may have
potential application as a treatment for PMDD.93

Vitamin B6 is consist of three forms, pyridoxine,
pyridoxal, and pyridoxamine. Among them only pyri-
doxamine has an amino group and is characterized
by the fact that it acts with reactive carbonyl com-
pounds (RCOs) to eliminate their action.94 Since RCOs
act to degrade serotonin and GABA, pyridoxamine
may help maintain these brain transmitters by remov-
ing the effects of RCOs. Furthermore, pyridoxamine
acts to promote the synthesis of serotonin and
GABA,95 which may act to increase the concentration
of these brain transmitters more effectively than pyri-
doxine and pyridoxal.96 Considering that pyridoxine
treatment for premenstrual symptoms have moderate
benefit,83 pyridoxamine would be more effective than
pyridoxine. A placebo-controlled, double-blind, com-
parative study is underway in Japan to evaluate the
therapeutic effect of pyridoxamine on PMS/PMDD.

CONCLUSIONS

There is a discrepancy between actual clinical practice
and research recommendations when it comes to the
diagnosis of PMS/PMDD, and it is necessary to

develop simpler diagnostic methods such as disease
markers. SSRIs and drospirenone containing OCPs
have strong supporting evidence for their efficacy in
the treatment of PMDs. However, these drugs may be
ineffective in some cases, or may not be taken due to
contraindications or side effects. In the future, the
development of minimally invasive therapies such as
drugs for ALLO and pyridoxamine will also be
pursued.
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