
PREMENSTRUAL DYSPHORIC DISORDER 1 

  

Premenstrual Dysphoric Disorder 
- A Review of Neural and Cognitive Changes in  

Women with PMDD 

Bachelor Degree Project in Cognitive Neuroscience 
Basic level 22.5 ECTS 
Spring term 2017 
 
Liselotte Wiklund  
 
Supervisor: Judith Annett  
Examiner: Stefan Berglund 



PREMENSTRUAL DYSPHORIC DISORDER 2 

 

Abstract 

Around 3-8% of all women in reproductive age suffer from premenstrual dysphoric disorder 

(PMDD) which disenables them to live an ordinary life during the luteal phase (premenstrual 

phase) of the menstrual cycle. Throughout the premenstrual phase these women experience 

emotional, cognitive and physiological changes. Hitherto, the etiology of this disorder is 

unknown. Some consider the source of this state as non-biological, claiming that PMDD is a 

social construction imbedded in gender roles, that suggests that women should not show 

aggressive behavior or depressive mood unless it is during the premenstrual stage. Contradictory, 

research made in cognitive neuroscience claim that the origin is biological. It is assumed that the 

increased symptoms in women with PMDD is a result from dysfunctional sensitivity for the 

progesterone metabolite allopregnanolone that has a receptor in the GABAA system, hence, 

producing an anxious effect from high levels of allopregnanolone instead of the expected 

sedative, soothing effects. Research suggest that structural and functional changes occur in brain 

areas such as the hippocampus, parahippocampus, amygdala, cerebellum as well as in brain-

derived neurotrophic factor which is important for brain plasticity, growth and survival of 

neurons. Cognitive behaviors such as anticipation for negative stimuli, working memory and lack 

of cognitive control also seem to be affected by PMDD. Nonetheless, the evidence is 

inconsistent, the area of research face multiple issues in regards to study designs, hence making 

generalization at this point difficult. In sum, this essay reviews recent studies conducted in 

neuroscience of cognitive changes in women with PMDD, with focus on functional, structural 

and behavioral changes between the phases of the cycle.  

 

Keywords: PMDD, menstrual cycle, allopregnanolone, estrogen, progesterone, HPG-axis, 

cognition  



PREMENSTRUAL DYSPHORIC DISORDER 3 

Table of Content 

1. Introduction ................................................................................................................................. 4 

2. The Menstrual Cycle ................................................................................................................ 7 

   2.1 The Physiology of The Ovarian Cycle ................................................................................... 7 

2.1.1 Follicular Phase ............................................................................................................................8 
2.1.2 Luteal Phase .................................................................................................................................9 

   2.2 The Uterine Cycle / Menstrual Cycle .................................................................................. 10 

3. Neuroendocrine System ............................................................................................................ 11 

   3.1 Neurosteroids ....................................................................................................................... 12 

3.1.1 Estrogens ....................................................................................................................................13 
3.1.2 Progesterone ...............................................................................................................................14 

4. Menstrual Cycle Linked Disorders and Treatment ................................................................... 15 

3.1 Premenstrual Syndrome ................................................................................................................15 
4.2 Premenstrual Dysphoric Disorder .................................................................................................16 
4.3 Serotonin Reuptake Inhibitors .......................................................................................................19 

5. Neural Changes During the Menstrual Cycle ........................................................................... 20 

5.1 Hippocampus and Parahippocampal Gyrus ..................................................................................21 
5.2 Amygdala ......................................................................................................................................23 
5.3 Cerebellum ....................................................................................................................................25 
5.4 Brain-Derived Neurotrophic Factor ..............................................................................................26 

6. Changes in Behavior During the Menstrual Cycle ................................................................... 27 

6.1 Anticipation ...................................................................................................................................28 
6.2 Working memory ..........................................................................................................................30 
6.3 Cognitive Control ..........................................................................................................................31 

Discussion ..................................................................................................................................... 33 

Problems with Menstrual Cycle Research ..........................................................................................37 

References ..................................................................................................................................... 41 

Appendix A ................................................................................................................................... 50 

  



PREMENSTRUAL DYSPHORIC DISORDER 4 

1. Introduction 

Many of women remember the first time they experienced their period, their menstrual 

flow, during early adolescence with vivid memories of the initial visible sign that the menstrual 

cycle is starting and women are able to reproduce (Farage, Neill, & MacLean, 2009). Likewise, 

several females remember the start of reoccurring, moderate to severe, changes in both behavior 

and mood during the days preceding menstruation. Symptoms that are experienced include 

depressive mood, anxiety, mood swings, difficulties with cognitive functions and pain, which 

affect these women to such an extent that it disturbs their daily quality of life. Even though an 

estimated 91% in all women in reproductive age have experienced premenstrual symptoms 

during some point of their life (Tschudin, Bertea, & Zemp, 2010), it has long been a matter of 

concern that accepting these indications as factual occurring symptoms in popular culture as well 

as in science (Richardson, 1995). Although the high occurrence of affected women too little 

attention has been shed on this condition.  

The German psychoanalyst Karen Horney was in 1931 one of the first to highlight the 

reoccurring problems that women experience just before menstruation. Horney declared that it 

was noteworthy that so little attention was focused on the fact that many women experience both 

mental and physical disturbances during and just before menstruation (for translated citation see: 

Richardson, 1995). However, Horney believed that the symptoms were due to the repressed wish 

for pregnancy, because of the need to have a baby, an issue that she claimed was a normal state in 

preparation for pregnancy (Richardson, 1995).   

Conversely, the first clinical announcement on symptoms was labeled “premenstrual 

tensions”, which was presented by Robert Frank in 1931. Frank described patients who 

experience symptoms such as fatigue, irritability, problems with concentration and even attacks 

of pain. Frank also mentions some patients who were severely affected by these symptoms so 

that they were not able to leave bed for a couple of days (Frank, 1931).  

However, in 1953 the researchers Greene and Dalton stated that the term “premenstrual 

tension” was not suitable. This is because tension is only one of the components of the condition; 

consequently, the name fails to recognize that other symptoms could occur (Greene & Dalton, 

1953).  Henceforth, the authors introduced the term premenstrual syndrome (PMS). Greene and 

Dalton (1953) also stated that this term could include problematical concerns, with the term 

indicating that the symptoms only occur during the premenstrual phase, although some women 
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can experience these symptoms with the initiation around ovulation. Additionally, regarding the 

origin of the symptoms, Greene and Dalton (1953) put forward the belief that the syndrome was 

originated by water-retention that was due to abnormal increase of the steroid hormones estrogen 

and progesterone. The more severe state of PMS was recognized in 1987 in the Diagnostic and 

statistical manual of mental disorders (DSM-III-R). It was in the beginning labeled as an 

unspecified mood disorder, and was named “Late Luteal Phase Dysphoric Disorder”. The 

disorder is distinguished from PMS by this condition in cooperates more affective psychological 

issues and includes highly elevated symptoms. In 1994, the updated version of DSM included the 

new and current name premenstrual dysphoric disorder (PMDD) (Richardson, 1995). 

Nonetheless, it was not until this year, 2017, that, the World Health Organization included 

PMDD in their list of disorders (International Classification of Diseases, 2017). Although, 

clinical research has been made since 1931, it has not been classified as a disorder until now. 

Nearly 25% of all women in reproductive age are affected by PMS (Bäckström et al., 2014) and 

around 3-8% PMDD (Accortt, Stewart, Coan, Manber, & Allen, 2011). Therefore, it is essential 

to understand the source behind these reoccurring symptoms. Much research in the area of 

PMDD has been carried out since Greene and Daltons research. However hitherto, the etiology 

of PMDD is ambiguous. More recently, a growing body of research indicates an involvement 

between gonadal steroid hormones and the increased symptoms during the premenstrual phase 

(Andréen et al., 2009; Andréen, Spigset, Andersson, Nyberg, & Bäckström, 2006; Bäckström et 

al., 2014; Kask, Bäckström, Lundgren, & Sundström Poromaa, 2009; Ottander et al., 2005; 

Schiller, Schmidt, & Rubinow, 2014).  

Women who are affected are estimated to live 3000 days of their lifetime with symptoms 

that affect their daily life (Yen et al., 2012), that is around 8,21 years of every day experience of 

mood changes, anxiety, depression and/or cognitive dysfunction that could be relieved with the 

correct treatment. To be able to find the correct treatment, more research and understanding of 

the cause need to be completed.  

Nevertheless, the area of research has been criticized. Statements have been made in 

some spheres that the PMDD should not be seen as a biological issue (Browne, 2015; Ussher, 

2003). Some suggest that the reoccurring symptoms are consequences of physical or mental 

abuse, or results of stressful events. Hence, the behavioral, cognitive and physical changes that 

occur are seen merely a result of daily life and not biology (Browne, 2015). Browne (2015) 
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declares that rather, this is a matter of inequality and gender roles, that is deeply rooted in the 

between the genders, such as uneven workload at home. She continues with amplifying the belief 

that society has pushed women in to roles that women are examples of femininity and therefore 

women should not act out their aggression or depression in daily life.  A consequence of this is 

that women are only socially accepted to show their “real” emotion during the premenstrual 

phase, because of this culture acceptance (Browne, 2015). Hence, daily life is producing these 

premenstrual symptoms and not biology. Browne (2015) implies that it is of importance that this 

phenomenon should be highlighted in research, however, not as a mental disorder, rather a social 

construct. Further she claims that diagnosing these suffering women as mentally ill, could label 

them as “abnormal” or “problematic” and thus overlooking possible external stressors such as 

dysfunctional social relationships. She additionally states that in some cases women who have 

experienced domestic abuse could develop PMDD-like symptoms, and therefore it is of 

importance to consider confounding variables in such as social relationships instead of a 

diagnose of mental illness, that needs to be treated. 

Correspondingly, Ussher (2003) means that labeling the source PMDD as pathological is 

diminishing the role of the actual symptoms. That in regard of treating women with PMDD, the 

professionals should look at the individual and daily life issues (Ussher, 2003). She is claiming 

that labeling PMDD as a disorder is to subjectify women and therefore blaming the women’s 

body or mind for the outcome of symptoms, instead of looking for other causes outside of the 

women’s self. Hence, overlooking other human beings and/or situations contribution on mood 

swings and other affective changes. Moreover, Ussher means that the society is relying on the 

fact that women should behave feminine which in turn is not accepting women as moody, 

irregular in behavior or seen as angry or upset, and therefore it has grown a acceptance for 

women to show their real emotions during the premenstrual phase, and not during the other 

phases of the cycle (Ussher, 2003).   

 The aim with this essay is to evaluate recent published articles regarding the neural 

changes in cognition and mood in menstrual cycle-linked disorder such as PMS/PMDD. The 

primarily focus will be on PMDD, to analyze the neural involvement in cognitive and behavioral 

dysfunction experienced by women suffering from this condition. 

 The main focus will be on the relationship between the neuroendocrine system, which 

involves the reproductive organs as well as the central nervous system and multiple brain areas 
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by highlighting recent research in the field of neuroscience. It will start with an overview of the 

physiology and anatomy of the menstrual cycle, to provide essential background of the physical 

changes that do occur in the female body during the menstrual phases. Following this, a 

summary of the neuroendocrine system and neurosteroid hormones will be presented, to enable 

understanding of the physical changes that occur in the brain. This will be followed by a more 

detailed introduction PMS to be able to understand the more severe state PMDD that is the 

papers main focus, as well as a possible treatment. Leading to a section describing neurological 

changes during the menstrual cycle, both structural and functional as well as cognitive and 

behavioral changes. A discussion about the etiology of the disorder and the changes that do occur 

will be provided as well as discussing the issues with current research in this area.  

 Because of limited space and focus, this essay will not report on the mainly correlation 

studies which have their primary focus on the changes during the menstrual cycle connected with 

oral contraception, menopause, dysmenorrhea, endometriosis, or hormonal therapy. Behavioral, 

cognitive and neural changes that will be presented have been selected with regards to the most 

relevant and recent studies available. Furthermore, for the purpose of this essay, the term 

women/female will be used interchangeably for all who carry an ovary and uterus, and therefore, 

could be affected by the premenstrual symptoms.  

 

2.   The Menstrual Cycle  

The menstrual cycle is a crucial part of the reproductive system in the female body. It is 

built up by two parallel cycles the ovarian cycle and the uterine cycle. It is believed that the 

ovarian cycle that is regulated by hormones and connections with the brain is important for 

understanding PMDD. This section will describe the physiology and anatomy of the female 

reproductive organs and the reciprocal relationship with the brain. It will begin with the ovarian 

cycle, to continue with the uterine cycle to then merge into an introduction of the neuroendocrine 

system and its relationship to the menstrual cycle linked disorders of PMS and PMDD.  

 

2.1 The Physiology of The Ovarian Cycle 

The ovaries are parts of the female reproductive system, two almond-shaped organs that 

are situated near ovary and vagina in women (Martini, Nath, & Bartholomew, 2012). These are 

important for the female reproductive system because the ovaries produce immature egg cells 
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(oocytes) in oogenesis (egg maturation). The ovaries play an important role in the production and 

secretion of hormone steroids such as estrogen and progesterone, which are involved in the 

regulation of follicle stimulating hormone (FSH), which main function is to stimulate oocyte 

growth. The maturation of primary oocytes begins before birth with approximately seven million 

primordial oocytes (White & Porterfield, 2013).  Furthermore, when reaching puberty 

approximately 600.000 primary oocytes have gone trough atresia, a degeneration of egg cells 

(Martini et al., 2012). From puberty to menopause the maturation is regulated by the monthly 

ovarian cycle (Martini et al., 2012). The ovarian cycle can be divided into two phases the 

follicular phase (preovulatory phase) as well as the luteal phase (postovulatory phase) (Martini et 

al., 2012).  

 

2.1.1 Follicular Phase  

The ovarian cycle starts of with the follicular phase, which is categorized by the 

development of oocytes, to finish with an egg release called ovulation (egg release). In the 

beginning of the follicular phase, a small number of primary oocytes (egg cells) are selected for 

maturation within the ovaries, the start of this maturations being with the oocyte receiving a 

surrounding layer of follicular cells (Martini et al., 2012).  In the following days, the follicular 

cells enlarge in size because of constructing various layers of cells, including granulosa cells and 

theca cells (Martini et al., 2012). The theca cells of the follicles are important for the secretion of 

hormones, in order to supply androstenedione to the granulosa cells, which in turn produces 

estradiol together with androgens (Barrett, Barman, Boitano, & Brooks., 2010). Moreover, the 

theca cells will similarly provide pregnenolone to the granulosa cells, which in turn will alter it 

to progesterone (Barrett et al., 2010). This process includes many primary oocytes, but only a 

small portion of these oocytes develops further (Martini et al., 2012) while the other follicles go 

through atresia, self-death. Around eight to ten days within the ovarian cycle additional follicles 

have gone trough atresia and generally, only one follicle continues to mature (Martini et al., 

2012). The follicle that holds the greatest number of FSH receptors becomes the dominant 

follicle, the follicle that will persist to ovulation (White & Porterfield, 2013). The oocyte inside 

of the follicle is surrounded by a large number of granulosa cells that produces a large cavity 

called the antrum. Additionally, at this time luteinizing hormones (LH) is increasing, thus 

producing a so-called LH surge (Martini et al., 2012). Around day 14 of the ovarian cycle, the 
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ovaries are prepared to release the oocyte, the follicular wall ruptures, thus letting the oocyte to 

drift into the uterine tube with the help of fimbriae that is almost finger-like projections that 

reaches against the ovary. However, the two are not intact, but with the use of fluid inside of the 

lining in the tube the oocyte is able to drift. This process is known as ovulation and this will 

mark the end of the follicular phase (Martini et al., 2012). Consequently, women tend to ovulate 

about 450 times from menarche (the first menstrual cycle) to menopause (the ending menstrual 

cycle) (White & Porterfield, 2013).  

 

2.1.2 Luteal Phase 

Whilst, the oocyte travels through the uterine tube, the remaining empty follicle ruptures 

and damaged blood vessels fills up the hollow antrum together with the persisting granulosa 

cells. This, in turn, builds up a structure that acquires a distinctive yellow color, thus entitling the 

name corpus luteum, a process that is stimulated by LH. As the name indicates this is the start of 

the luteal phase of the ovarian cycle (Martini et al., 2012). The corpus luteum secretes mainly 

progesterone (also estrogen), thus the formation of the structure increases the progesterone levels 

in the luteal phase. The LH is regulated by a negative feedback loop together with progesterone. 

The high levels of LH seen at the end of the follicular phase stimulates an increase of 

progesterone secretion during the luteal phase. Further, the high levels of the progesterone, in 

turn, inhibit the secretion of LH thus producing a negative feedback loop. Hence, producing 

lower levels of LH, that, in turn, will lower the levels of progesterone in the end of the cycle 

(Fink, Pfaff, & Levine, 2012).  

This phase is recognized by the high amounts of progesterone (a steroid hormone) and 

lower levels of estrogen, however a rise in estrogen is seen around day 21 of the cycle, around 

the middle of the luteal phase, still, the amount of estrogen is lower in the luteal phase compared 

to the follicular phase.  The progesterone primary function is to stimulate the uterus to be able to 

prepare the uterine lining and the secretions of uterine glands for a possible fertilization to occur. 

If fertilization does not occur, the corpus luteum begins degenerate approximately 12 days after 

ovulation. Hence, the degeneration of the corpus luteum producing lower levels of both 

progesterone and estrogen and this results in the end of the luteal phase, and the ovarian cycle 

starts of again (Martini et al., 2012).  
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2.2 The Uterine Cycle / Menstrual Cycle 

In parallel with the ovarian cycle is the uterine cycle also labeled as menstrual cycle 

because of the changes in the uterine lining during the cycle that ends with the menstrual flow. 

The uterus is a small organ within the female reproductive system. The uterine wall consists of 

three layers, the outermost layer perimetrium, the middle layer the myometrium and the inner 

layer endometrium. The uterine cycle can be divided into three phases; it begins with menses, 

continues with the proliferative phase and ends with the secretory phase (Martini et al., 2012).  

The menses (menstruation phase) lasts generally between one to seven days, the 

proliferative phase last around seven to thirteen days, the secretory phase last about 14 days, thus 

a regular menstrual cycle last for 28 days (it can range from 21 to 35 days). This menstrual cycle 

is responsive to the changes in the endometrium, the inner layer of the uterus.  The changes occur 

simultaneously to the regulation of hormones of the ovarian cycle. The first two phases, menses 

and proliferative, correlate to the follicular phase of the ovarian cycle. Hence, the secretory phase 

occurs during the luteal phase (Martini et al., 2012). The first phase of the uterine cycle is 

menses; this phase is characterized by the sloughing of the endometrial surface of the uterine 

wall (Martini et al., 2012). The degenerated tissue and blood cells rapture from the uterine wall 

and flow into the uterine cavity and then flows trough a passage into the vagina, which causes 

the vaginal bleeding. During the menstruation, about 35-50 mL of blood are lost in the sloughing 

of the endometrium. This, in turn, can for some women cause pelvic pain and cramps, some 

women are suffering from dysmenorrhea that is extremely painful menstruations (Martini et al., 

2012).  

In the beginning of the proliferative phase the functional zone of the endometrium is 

absent, however, the basilar zone, the adjoining layer is still intact. During this phase the 

epithelial cells of the uterine glands proliferate (increases) and extent over the endometrial 

surface, thus restoring the uterine lining together with further growth and vascularization. This 

reconstruction of the inner lining of the uterus is stimulated by the high amounts of estrogens 

secreted by the developing follicles in the ovaries (Martini et al., 2012). 

 The secretory phase occurs during the proceeding ovulation of the ovarian cycle and 

perseveres as long as the corpus luteum is intact (Martini et al., 2012). The phase generally 

continues for 14 days, during this period the uterine glands enlarge, thus producing more 

secretion and the uterine wall extend and spiral through the tissues of the functional zone. In due 
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to the secretion of both progesterone and estrogens from the corpus luteum, the reconstruction of 

the endocrine wall stimulates and reaches its peak activity around 12 days after ovulation. The 

menstrual cycle ends when the corpus luteum stops generating stimulatory hormones, 

consequently, a new cycle begins with the onset of the menses (Martini et al., 2012). 

 From this part and forward, the term menstrual cycle will be used in the essay and thus 

include both the uterine and ovarian cycle. The following section will describe the 

neuroendocrine system that includes the menstrual cycle and its reciprocal relationship with the 

brain. This is important for the biological understanding of PMDD. Following this section, a 

toughly overview of the premenstrual linked disorders will be given.  

 

3. Neuroendocrine System 

 The anatomy of the menstrual cycle is important for the understanding of the physical 

and psychological changes that occur during the menstrual cycle. However, the secret to these 

changes is not only visible in the physiology of the reproductive organs of the ovaries. 

Explanations and theories behind these changes are hidden within the close relationship between 

the brain and the reproductive organs. Neurons and glands, build together with endocrine organs, 

such as the ovaries and adrenal gland, the neuroendocrine system (NES) (Di Comite, Grazia 

Sabbadini, Corti, Rovere-Querini, & Manfredi, 2007). The system has a close connection with 

the central nervous system, thus allowing the endocrine organs to interact with the brain. The 

NES communicates through neurotransmitters signals that are directed from the hypothalamus, 

to subsequently inform the pituitary gland to secrete hormones that in turn reaches the specific 

endocrine glands (Di Comite et al., 2007).  

A neuroendocrine organization that plays an important role in reproduction and the 

menstrual cycle is the hypothalamo-pituitary-gonadal axis (HPG axis) that includes the 

hypothalamus and pituitary gland in the brain and the ovaries in women (Handa & Weiser, 2014). 

The interplay between these structures is vital for the production and secretion of neurosteroid 

hormones, and the axis relies on feedback loop actions (Fink et al., 2012). When women reach 

puberty the HPG axis activates. The procedure starts with gonadotropin releasing hormone 

neurons that enhance secretion of gonadotropin releasing hormone (GnRH). GnRH controls 

complex procedures of the menstrual cycle, such as regulating follicular growth, ovulation and 

corpus luteum development depending on the amount of secretion (Röblitz et al., 2013). The 
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release of GnRH is stimulated in the arcuate nucleus of the hypothalamus (Ciechanowska, Lapot, 

Mateusiak, & Przekop, 2010), where GnRH is synthesized and secreted to be sent through the 

hypophysial portal vessels in the pituitary (Fink et al., 2012). Additionally, within the anterior 

pituitary GnRH binds to G-protein receptor in the gonadotropic cell (Ciechanowska et al., 2010). 

This, in turn, produces FSH as well as LH within the brain. Thereafter, the LH and FSH 

stimulate synthesis and secretion of estradiol and progesterone in the gonads and the brain 

(Handa & Weiser, 2014). The secretion of GnRH is stimulated in two modes, the pulsatile and 

surge mode (Maeda et al., 2010). In the pulsatile mode, the frequency and the dimension of 

pulses regulate the GnRH effect on LH and FSH. Low-frequency pulses activate FSH release, 

contrasting the high-frequency pulses that activate the LH surge that is expressed just before 

ovulation (Röblitz et al., 2013). This pulsatile manner is seen throughout the menstrual cycle and 

stimulates the folliculogenesis. The surge mode, on the other hand, generates the preovulatory 

surge of the LH that sequentially generates ovulation in the middle part of the menstrual cycle 

and is positively regulated by estrogen release (Maeda et al., 2010). The GnRH relies on a 

feedback loop from the steroid hormones. LH is negatively stimulated by low estrogen, thus low 

estrogen inhibits the secretion of LH from the pituitary gland (Maeda et al., 2010).  

 

3.1 Neurosteroids  

 Neuroactive steroids are steroids that are active in the brain but synthesized within the 

brain or endocrine organs. Neurosteroids are important for the understanding of the neural and 

behavioral changes that occur during the phases of the menstrual cycle. The most important 

neurosteroids that affect women during her reproductive years are estrogens and progesterone as 

well as the metabolite allopregnanolone (ALLO). These neurosteroids are female sex hormones 

that are synthesized in the nervous system, both in the central and peripheral. It can be found in 

neurons and myelinate glia cells as well as astrocytes (Birzniece et al., 2006). In short, estrogens 

are seen as the most potent female sex hormones that are critical for the maturation of the female 

sexual reproductive organs and the typical female phenotypes, while progesterone is important 

for the construction of the endometrium in the uterus and the preparation and maintenance of 

pregnancy. ALLO is believed to be involved in the occurrence of negative symptoms during 

PMDD. Furthermore, all of the mentioned steroids are considered to have an impact on cognitive 

and emotional behaviors, and even structural changes in the brain during the menstrual cycle 
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(Birzniece et al., 2006).  In this following section, the neurosteroids estrogen and progesterone 

will be presented in more detail, while ALLO will be introduced in the subsequent premenstrual 

disorder section. 

 

3.1.1 Estrogens  

Estrogens are steroid hormones that are derived from cholesterol by enzymatic 

modifications (Catenaccio, Mu, & Lipton, 2016). The main production of estrogens is 

constructed in the ovary. The secretion is regulated by the granulosa cells of the follicles in the 

ovaries together with the corpus luteum and the placenta (Barrett et al., 2010). The biosynthesis 

is dependent on the enzyme aromatase to be able to convert testosterone to estradiol as well as 

convert androstenedione to estrone (Barrett et al., 2010). The secretion of the steroid is 

stimulated by the release of the gonadotropins FSH and LS that is regulated by the pituitary 

gland and the amount of secretion is balanced by the ovarian cycle (Catenaccio et al., 2016). The 

levels of estrogens are highest during the late follicular phase (when progesterone levels are 

low), just before ovulation. Where the estrogen levels can reach as high as 2500 pmol/l compared 

to the early follicular phase that only holds approximately 200 pmol/l (Sundström Poromaa & 

Gingnell, 2014). After ovulation, the estrogen levels decline but increase during the middle luteal 

phase, throughout this time the progesterone levels are higher (Catenaccio et al., 2016). 

Estrogens are able to cross the blood and brain barriers of cell membrane because of their lipid 

structure, hence making them able to connect to receptors in the cell nuclei on the target cell 

(Borrow & Cameron, 2014). Estrone, estradiol and estriol are naturally occurring estrogens 

(Barrett et al., 2010). The different expression of estrogens plasma levels is altered during a 

woman´s life, with estriol being more potent during pregnancy, estrone in the transition to 

menopause, and estradiol as the most vigorous estrogen during the reproductive periods (Borrow 

& Cameron, 2014).  

Estrogen receptors (ER) are highly active in the human brain, especially in areas such as 

hypothalamus, amygdala and the hippocampus (Farage, Osborn, & MacLean, 2008). The 

prefrontal cortex, striatum and nucleus accumbens withhold numerous ER and these brain areas 

are important for cognitive functions such as learning and memory (Almey, Milner, & Brake, 

2015). ER exists in two types, receptor alpha (ERa) and beta (ERb) (Handa & Weiser, 2014). 

When the estrogens bind to their intra cellular receptors, the hormone binds to the hormone 
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response element, a short sequence of DNA, and thus alters the transcription (Borrow & 

Cameron, 2014). Estrogen has demonstrated an involvement with cognitive processes that relies 

on the neurotransmitter dopamine release, such as selective attention and object recognition 

memory. As a result of this, estrogen has the ability to influence dopamine transmission and 

receptor density (Almey et al., 2015). 

Estrogen has shown to have neuroprotective and psychoprotective effects as well as 

supporting growth and survival of neurons. When estrogen binds to their intra cellular receptor, 

the hormone binds to the hormone response element, a short sequence of DNA, and thus alters 

the transcription (Borrow & Cameron, 2014). Estrogen has receptors in the brain areas critical 

for memory, therefore it is probable that estrogen, in turn, is involved in regulating memory 

(Pompili, Arnone, & Gasbarri, 2012). Furthermore, estrogen has been seen to change dendrite 

density in multiple areas of the brain, such as hippocampus, hypothalamus, amygdala and the 

cortex in the rat brain. These areas are also sensitive to fluctuations of estrogen levels (Frankfurt, 

& Luine, 2015). These areas are important for cognitive function thus, the high receptor numbers 

in these areas could indicate that estrogen could play an important role in regulating cognition. 

 

3.1.2 Progesterone  

Progesterone is one of the main two neuroactive steroid hormones produced in the human 

menstrual cycle. Neuroactive steroids have the capability to modulate neural activities and are 

synthesized in the brain among other areas (Schiller et al., 2014). The main function of 

progesterone in the menstrual cycle is to enhance and control endometrial construction in 

preparing to hold a fertilized egg, during the luteal phase, supervised by the corpus luteum 

(Sundström Poromaa & Gingnell, 2014). However, progesterone has not only reproductive 

functions, progesterone endorses myelination, neuronal survival and dendritic growth (Rossetti, 

Cambiasso, Holschbach, & Cabrera, 2016). After a traumatic brain injury that affects the myelin 

on an axon, progesterone can contribute to the reconstruction of the lipid structure (Schumacher 

et al., 2014). Furthermore, progesterone also contributes to the function of regulating cognition, 

has an affect on mood, and inflammation (Brinton et al., 2008). Progesterone is conducted by the 

progesterone receptors (PR), which can be detectable in every neural cell (Brinton et al., 2008). 

The synthesis and secretion of progesterone in the ovary are regulated by the gonadotropins, 

FSH and LH primarily that, in turn, is controlled by the pituitary gland and hypothalamus in the 
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brain (Catenaccio et al., 2016). 

Progesterone is constructed from cholesterol and therefore contains a lipid structure, 

hence progesterone easily crosses the blood-brain barrier as well as the blood-nerve barrier 

making the progesterone bind to receptors either at the cell surface or cell nuclei. However, 

progesterone mainly binds to the PR located in the cell nuclei or cytoplasm (Brinton et al., 2008).  

Predominantly PRs are localized in brain areas, such as the amygdala, hippocampus, cortex, 

basal forebrain even glial cells and central grey matter (GM) (Pluchino et al., 2006). Hence, PR 

is able to express throughout the brain (Brinton et al., 2008). PR is divided into two isoforms PR-

A and PR-B, which are structurally related but expresses function differently. Progesterone act on 

inducing slower long-term actions on neurons. Thus, activating specific intracellular receptors 

that regulate gene-transcription and protein –synthesis, hence modifying the synthesis, release 

and metabolism of numerous neuropeptides, neurotransmitters and the associated receptors 

(Pluchino et al., 2006).  

The NES allows the hormones estrogen, progesterone and ALLO to influence the brain 

during contrasting phases of the menstrual cycle (Sacher, Okon-Singer, & Villringer, 2013). 

Fluctuating estrogen and progesterone levels have been shown to have an impact on the central 

nervous system as well as providing structural and functional changes in the brain. This, in turn, 

effects behavioral changes, thus providing changes in both behavior and mood during the phases 

of the cycle in women (Sacher et al., 2013). The next section will describe the down side of the 

fluctuating hormones affect in women during the premenstrual phase of the menstrual cycle.  

 

 

4. Menstrual Cycle Linked Disorders and Treatment 

 

3.1 Premenstrual Syndrome 

Numerous women experience unpleasant mental and physical symptoms during the last 

phase of their menstrual cycle, primarily the days before menstruation. The symptoms include 

affective changes, such as depressed mood, irritability and mood swings also anxiety-related 

feelings, such as restlessness, hopelessness, and tension are experienced. Moreover, symptoms 

also include behavioral changes and pain such as social withdrawal, problem with sleep, 

confusion, tenderness in the breast, headaches, skin problems such as acne, abdominal pain, 
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cramps and swelling (Dennerstein, Lehert, Bäckström, & Heinemann, 2010). This menstrual 

cycle-linked condition is termed premenstrual syndrome, and showing a prevalence of 25 % of 

women in reproductive age (Bäckström et al., 2014).  The American Congress of Obstetricians 

and Gynecologists (ACOG, 2001) defines PMS as “the cyclic occurrence of symptoms that are 

of sufficient severity to interfere with some aspects of life and that appear with consistent and 

predictable relationship to the menses” (p. 183). The National Institute of Mental Health 

criterions for diagnosis of PMS (for review see ACOG, 2001) proclaims that women must 

experience changes of at least 30% in an intensity of the symptoms from premenstrual phase to 

5-10 days in the cycle, this change is required be able to be measured instrumentally. 

Furthermore, the women must have a documentation of the changes that have occurred for at 

least two sequential menstrual cycles. The Diagnostic and Statistical Manual of Mental Disorders 

(5th ed.; DSM-5; American Psychiatric association, 2013) specify that PMS does necessarily to 

include affective symptoms, but the symptoms rather act behavioral and physical unlike the 

diagnosis included in PMDD mention down below.  

The symptoms of PMS generally express during late follicular phase during the LH surge 

with high serum levels of estrogen (with the highest peak one day before ovulation) to then 

continue throughout the luteal phase (Farage et al., 2008). This during the formation of the 

corpus luteum in the ovaries (Cubeddu et al., 2011). Symptoms are particularly expressed during 

the later part of the phase where both estrogen and progesterone levels are high (Farage et al., 

2008). 

 

4.2 Premenstrual Dysphoric Disorder 

PMDD is a severe dysphoric form of PMS that disturbs emotional functioning and well-

being of the affected women. As mentioned earlier the difference between PMS and PMDD is 

the increased severity of the experienced symptoms and includes more affective symptoms 

(Aperribai, Alonso-Arbiol, Balluerka, & Claes, 2016). The disorder has an estimated prevalence 

of 3-8% of all women in reproductive age (Accortt et al., 2011). PMDD is labelled as a 

psychoneuroendocrine disorder (Accortt et al., 2011), and it is characterized by the physical and 

emotional symptoms that are limited to the premenstrual phase, that embark approximate a week 

after ovulation (Protopopescu et al., 2008b). Women with PMDD usually experiences symptom 

alleviation a few days after the onset of menstrual flow (Gingnell, Morell, Bannbers, Wikström, 
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& Sundström Poromaa, 2012). 

The Diagnostic and Statistical Manual of Mental Disorders states the diagnosis criterion 

of PMDD (5th ed.; DSM-5; American Psychiatric association, 2013). The fifth version of DSM 

was the first version to include PMDD as a mental disorder. In the forth edition the disorder was 

classified as a mood disorder not otherwise specified. The fifth addition includes the criterion for 

how to diagnose the disease (Aperribai, et al., 2016). The criterion includes symptoms such as 

mood swings, irritability or anger, increased depressive mood, increased anxiety or tension as 

well as a lowered interested in social activates, concentration difficulties, lack of energy, changes 

in appetite, issues with sleeping, a decreased feeling of control and physical symptoms (see 

Appendix A for full criterion) (American Psychiatric Association, 2013). The disorder is seen 

worldwide and can therefore not be explained as a culture-bound disorder. However, the attitude 

towards the disorder is influenced by culture factors, such as the number of affected women that 

actually seek for help. The frequency and intensity of the symptoms is also believed to be 

affected by cultural and environmental factors. Scientist’s has not yet to discover the exact 

heritability of the syndrome, but it is estimated that approximately 50% is heritable for the 

symptoms (American Psychiatric Association, 2013).  

Nonetheless, the disorder is not fully understood and is underdiagnosed (Protopopescu et 

al., 2008b). Various hypotheses to understand the origin of the symptoms have been studied over 

the past decades. These include cortisol dysregulation, endorphin opioid withdrawal and 

dysregulated stress responses (for review see Kiesner & Granger, 2016). Nevertheless, the more 

debated area right now is the involvement of progesterone and estrogen, because of the 

appearance of the symptoms only occur during healthy menstrual cycles that include ovulation or 

with exogenous progesterone distribution (Bannbers, Kask, Wikström, Risbrough, & Sundström 

Poromaa, 2011) and with symptom withdrawal during anovulatory cycles (Gingnell, Bannbers, 

Wikström, Fredrikson, & Sundström-Poromaa., 2013). The neurotransmitter gamma-

aminobutyric acid (GABA) is believed to have a close relationship with PMDD. GABA is seen 

as the most important part of the major inhibitory system in the human brain. GABA 

concentrations are found throughout the brain, however, in regard to research of the menstrual 

cycle, the interest in GABA concentration is directed to the prefrontal cortex (PFC), 

hippocampus and thalamus (Birzniece et al., 2006). This is because the PFC is universally 

known to be involved in emotional regulation, cognitive function as well as connections to 
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mood-related disorders, as well as hippocampus involvement in learning and memory and 

thalamus in hormonal regulation. It is thought that the GABA concentration is involved with the 

elevated symptoms in PMDD since progesterone has a binding site at the GABA A receptor (De 

Bondt, De Belder, Vanhevel, Jacquemyn, & Parizel, 2015).  

More in-depth, the most prominent explanation of the origin of the disorder is the 

relationship with the progesterone metabolite ALLO and the recurrent symptoms (Andréen et al., 

2009; Andréen et al., 2006; Bäckström et al., 2014; Kask et al., 2009; Ottander et al., 2005; 

Schiller et al., 2014). ALLO shares the same lipid structure base of the cholesterol origin as 

progesterone and therefore travels within the blood and binds to receptors in the cell nuclei 

(Ottander et al., 2005). Similar to benzodiazepines, barbiturates and alcohol, ALLO is a positive 

modulator of GABAA, therefore, ALLO increases the activity of the neurotransmitter (Bäckström 

et al., 2014).  In the corpus luteum, which is formed during the luteal phase, important enzymes 

for synthesizing ALLO from progesterone are produced (Ottander et al., 2005). Hence plasma 

concentration and serum levels of both progesterone and ALLO are higher during the mid-luteal 

phase (Bäckström et al., 2014). The secretion of the hormone usually occurs in the ovary, though 

secretion also takes place in the central nervous system and the adrenal glands (Kask et al., 

2009). Furthermore, ALLO receptors are found in multiple areas of the brain, primarily in the 

amygdala, but also in the hypothalamus, prefrontal cortex, ventral striatum, hippocampus and 

substantia nigra (Schiller et al., 2014).  

ALLO proliferates hyper polarization (Ottander et al., 2005) by stimulating the GABA-

induced chloride ion influx by connecting with allosteric receptors (Bäckström et al., 2014). 

Subsequently, in low levels, ALLO induces adverse, anxiogenic effects whereas in high doses the 

hormone induces sedative properties (Andréen et al., 2006). Consequently, ALLO produces a 

biphasic effect in low/high doses (Andréen et al., 2009). However, the relationship with ALLO 

and PMDD symptoms are paradoxical. Women with PMDD experience anxiety related mood 

changes during higher ALLO serum levels instead of the contradictory induction of anxiolytic 

effects. Hence, the ordinary inhibitory GABAA system is thought to be impaired in women with 

PMDD. This complication is further seen in some individuals in relation to other GABAA 

modulators such as benzodiazepines, alcohol and barbiturates, with an increase of mood changes 

in higher serum levels (Bäckström et al., 2014).  

 The symptoms usually show a couple of days (2-3 days) preceding the highest serum 
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level of ALLO, thus indicating a delay of activation of symptoms. This lag time is proposed to 

occur due to a protein synthesis (Bäckström et al., 2014). Wang, Seippel, Purdy, and Bäckström 

(1996) presented in their study a serum increases in ALLO from 1.9 nmol/L in the follicular 

phase to 3.6 nmol/L in the luteal phase during the menstrual cycle. However, most research 

indicate that it is not the serum levels of the luteal phase that is the culprit for the symptoms, 

rather that the women experiencing PMDD have a higher sensitivity in ALLO receptors 

(Andréen et al., 2009; Bäckström et al., 2014) 

Furthermore, multiple studies have been made of ALLO role in affective disorders such 

as major depression, anxiety disorder, postpartum depression, impulsive aggression, 

posttraumatic-stress disorder and schizophrenia, thus indicating a relationship between ALLO 

and affective disorders (for review see Schüle, Nothdurfter, & Rupprecht, 2014). A study on rats 

made by Wang, Johnston, Ball and Brinton (2005) indicate that ALLO may also have an 

important role in neurogenesis. The study revealed that in a dose-dependent manner, ALLO 

produced a significant proliferation of neuron progenitor cells in the hippocampus. Additionally, 

results were also found in neural stem cells in humans (Wang et al., 2005).  

 

4.3 Serotonin Reuptake Inhibitors 

Serotonin is a neurotransmitter that is mediated in the brain with serotonergic neurons. 

This neurotransmitters involvement is seen in both behavioral and physical outcomes, in 

cognitive functions such as learning and memory as well as emotional responses such as mood, 

affect, aggression and sexual behavior, as well as sleeping patterns and food intake, thus is 

involved in mood regulation and wellbeing (Birzniece et al., 2006). Impairment in the serotonin 

system is believed to have an impact on the development of depression and anxiety disorders. 

Selective serotonin reuptake inhibitors (SSRI) are used as a medication for depressive and 

anxiety disorders. It works on the re-uptake action of the serotonin in the presynaptic terminal; 

more in-depth inhibits the re-uptake to enhance the activity of serotonin. SSRI has seen to be 

responsive to reduction of PMS/PMDD symptoms during the luteal phase of the menstrual cycle. 

It is thought that the treatment with SSRI decreases the sensitivity to the fluctuating 

neurosteroids during the luteal phase, especially to normalize the sensitivity to ALLO, thus, in 

turn, the soothing expression of the PMDD symptoms (Birzniece et al., 2006). SSRI seems to 

work on a different way of PMDD compared to other affective disorders such as depression.  
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Steinberg, Cardoso, Martinez, Rubinow, & Schmidt (2012) studied 24 women suffering from 

PMDD to examine the effect of the SSRI fluoxetine on four common PMDD symptoms; 

irritability, depression, anxiety and mood swings. Twelve of the women were given the SSRI 

fluoxetine (20mg/day), and 12 women had no treatment. Furthermore, the results indicated that 

the SSRI group did show relief in symptoms 42 hours after the onset of treatment. The results 

seem to show a relief in all of the four symptoms of irritability, mood swings, depression and 

anxiety (Steinberg et al., 2012). The author claims that this rapid increase of serotonin as seen 

when given SSRI to women with PMDD is enough for decreasing the symptoms. Opposite for 

how SSRI works on other mood disorders such as depression, that needs an acclimatizing period 

before the treatment works.  

Even though some research has been made on the relationship between ALLO and the 

symptoms in PMDD, the etiology is still unclear. Since women with PMDD are undergoing 

mood changes and elevated symptoms during the premenstrual phase, it is of importance to 

revise the current research regarding this issue. Hence, for a better understanding why these 

changes actually occur and to be able to find treatments, for symptom relief. To be able to do 

this, we need to look into the research area of neuroscience, especially cognitive neuroscience 

since most of the affective disorders can be explained in that area of research. This next section 

will provide current research made on the functional and structural changes that occur during the 

menstrual cycle phases, with an emphasis on women with PMDD.  

 

 

5. Neural Changes During the Menstrual Cycle  

This section will provide information about the brain morphology, plasticity, organization 

and activation of brain areas that are influenced by the fluctuating hormone levels during the 

follicular and luteal phases. The follicular phase begins with its onset the first day of 

menstruation and continues until ovulation (around day 14). The early stage of the phase is 

characterized by low levels of steroid hormones, both progesterone and estrogen. During the LH 

surge, right before ovulation stimulating estrogen levels to rise to its highest peak, while 

progesterone levels are still low (Sacher et al., 2013).  Following the high estrogen follicular 

phase are the luteal phase. Right after ovulation, estrogen secretion is dropping with a significant 

reduction. Thus, mediate levels of steroid hormone characterize this phase right after ovulation. 
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However, a rise in both progesterone and estrogen are experienced during mid luteal phase, 

where progesterone has its highest peak of the menstrual cycle. Just before ending the luteal 

phase, both estrogen and progesterone secretion is reduced (Sacher et al., 2013).  

 

5.1 Hippocampus and Parahippocampal Gyrus 

  Protopopescu et al. (2008a) studied 21 women where each participant was scanned with a 

MRI, once during late follicular phase (days 10-12) and once during late luteal phase (1-5 day 

before menstruation). Ten of the women were screened positive for PMDD, by meeting the 

DSM-IV criteria. The phases were registered with the use of ovulation test as well as counting 

techniques, that involved counting days from the last menstruation then adding the number of 

days that the patient has until ovulation, which is generally 14 days. Significant results showed 

an increase of GM volume in hippocampus during the follicular phase as well as a decrease of 

GM volume in the basal ganglia (Protopopescu et al., 2008a). However, no significant results 

were found for difference between women with PMDD and women without.  

Showing similar results of hippocampal GM volume, Lisofsky, Lindenberger, & Kühn 

(2015a) studied 25 healthy women their menstrual cycles throughout three subsequent months. 

MRI brain scanning was conducted four times during the menstrual cycle, the early follicular 

phase, late follicular phase, ovulation, and mid-luteal phase. Additionally, hormonal levels were 

measured with the use of both ovulation urine test and blood plasma samples. Lisofsky et al. 

(2015a) denoted that an increase of hippocampal GM volume in the late follicular phase 

compared to mid luteal phase was found. This is during the high FSH concentrations that 

stimulate higher levels of estrogen. The authors claim that this could signify that an affiliation 

exist between elevated estrogen levels and increase of hippocampal GM volume, thus, indicating 

an involvement with estrogens in neuroplasticity (Lisofsky et al., 2015a). Additionally, evidence 

for amplified functional connectivity of the left and right hippocampus with the bilateral superior 

parietal lobule was found as well during late follicular phase (Lisofsky et al., 2015a). Lisofsky et 

al. (2015a) suggest that mid luteal phase does not display an increasing GM volume, as results of 

the high amount of progesterone during that phase, and the combination of high estrogen and 

progesterone could affect the increasing GM volume. The higher activity in the hippocampal 

area could explain why some women experience higher emotional satisfaction during the 

follicular phase in menstrual cycle (Sacher et al., 2013) and therefore women can feel the 
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contrary during the premenstrual phase. This since hippocampus are involved in cognitive and 

emotional processes such as memory, learning and motivation (Fanselow & Dong, 2010) and 

therefore this structural change can show its effect in behavioral situations.  

Nonetheless, structural changes seem to occur in the hippocampal regions during the 

menstrual cycle, but studies comparing women with PMDD against women without show us 

another side of the coin. Jeong, Ham, Bin, Jung, and Joe (2012) studied 15 women with PMDD 

and 15 healthy women to measure GM volume differences between the two groups during the 

luteal phase. Contradicting to earlier mentioned results, this research indicates an increased 

volume in the left hippocampal gyrus in the PMDD participants compared to the other women 

which in turn will then produce higher state of anxiety (Jeong et al., 2012). Similar, this could 

also be interpreted in regard to learning and memory during the luteal phase in women with 

PMDD (Smith., 2013). During adolescence, the number of GABAA receptors in the hippocampal 

cells is increasing (Smith., 2013). Enhanced activity from ALLO in the GABAA receptors, 

increases the inhibitory actions by the GABAA receptor. This increased sensitivity for the 

secretion of ALLO is believed to express sedative effects during high levels of ALLO (Smith., 

2013). However, as mention earlier ALLO works paradoxical in women with PMDD. Instead of 

expressing sedative affects during high levels of ALLO, the women with PMDD experiences 

high levels of anxiety and stress (Bäckström et al., 2014). Hence, lacking the inhibitory effect of 

ALLO in hippocampus could contribute to the symptoms that women with PMDD is 

experiencing (Smith., 2013). 

 Furthermore, Jeong et al. (2012) found a decrease in the left parahippocampal gyrus 

during the luteal phase in women with PMDD and not within women without (Jeong et al., 

2012). The parahippocampal area is believed to be involved in emotional processing and self-

regulation, functions that in women with PMDD are impaired during the premenstrual phase. 

Moreover, the parahippocampal area is seemed to work as a communicator between the 

hippocampus and the amygdala (Jeong et al., 2012).  The authors claims that these structural 

changes could explain why women with PMDD tend to respond to an negative stimuli differently 

during the premenstrual phase, because of possible hyperactivity in the hippocampal area that 

excessively identifies negative stimuli, and later on the parahippocampal area fail to inhibit the 

emotional stimuli from the amygdala (Jeong et al., 2012). Henceforth, women with PMDD have 

a propensity to over exaggerate negative stimuli and this, in turn, enhances the possibility for 
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increased amount of behavioral, physical and emotional responses.  

   

5.2 Amygdala 

Many women are experiencing mood changes during the late luteal phase of their menstrual 

cycle. A prevalent explanatory theory for these mood changes is the believed relationship 

between hormones and the amygdala (Gingnell et al., 2012; Ossewaarde et al., 2013; 

Protopopescu et al., 2008b;). Amygdala has shown to hold numerous receptors for both estrogen 

and progesterone, especially in the medial part of the amygdala (Ossewaarde et al., 2013).  

Protopopescu et al. (2008b) performed a de novo functional magnetic resonance imaging 

(fMRI) study on PMDD. Comparing patients with PMDD (n: 8) to controls (n: 12) by measuring 

the blood oxygen level dependent (BOLD) on neurological responses to word stimuli. This in 

regard to studying emotionally associated word stimuli with a Go/NoGO inhibitory control task. 

Brain scans were conducted during both phases of the ovarian cycle, the follicular phase was 

conducted approximately 8-12 days after the onset of menstruation and the luteal phase was 

scanned around one to five days before the onset of menstruation. Their study showed results of 

increase of activity in the amygdala in association with negative words in participants with 

PMDD during the premenstrual phase (Protopopescu et al., 2008b). Thus, this result implies that 

patients with PMDD could experience an increase in the responsiveness to negative emotional 

stimuli during the late luteal phase. Additionally, the results indicated a decrease in medial 

orbitofrontal cortex (mOFC) activation during negative stimuli in subjects with PMDD 

compared to controls during the premenstrual phase (luteal phase). According to the authors, 

these results imply a lowered ability to inhibit negative emotion in patients with PMDD. The 

mOFC is believed to regulate amygdala output and this, in turn, influences emotional regulation, 

decision-making and inhibitory control. Hence patients with PMDD experience difficulties in 

preventing negative emotion during the premenstrual phase in a Go/NoGo task (Protopopescu et 

al., 2008b). Moreover, Protopopescu et al. (2008b) found a decrease during premenstrual phase 

and an increase in postmenstrual phase in the nucleus accumbens (NAcc) to positive words in 

women with PMDD (Protopopescu et al., 2008b). NAcc is believed to be involved in processing 

a spectrum of positive stimuli; consequently, these results imply that women with PMDD could 

during their premenstrual phase experience inhibition in the processing of positive emotion to 

later experience an increase of this ability during menstruation and the following days 
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(Protopopescu et al., 2008b).  

However, results in studies on the activity of the amygdala in patients with PMDD are 

varying (Gingnell et al., 2012). Gingnell et al. (2012) study mentioned earlier in the text studied 

14 patients with PMDD and 15 controls. The researchers studied the reactivation of the amygdala 

with the use of fMRI scanning for BOLD signals during exposure to pictures of emotional faces 

as well as shapes. Progesterone and estrogen serum levels were measured, along with controlling 

for the two menstrual phases by counting days from the onset of the menstrual flow. All the 

participants performed two FMRI settings (one during the mid-follicular phase and one late 

luteal phase) (Gingnell et al., 2012). Contradictory to Protopopescu et al. (2008b) study, the 

results in Gingnell et al. (2012) analysis showed a significantly higher activation in the bilateral 

amygdala of the patients with PMDD during the follicular phase instead of the proposed 

activation during the luteal phase. A significant correlation to progesterone (not with estrogen) 

serum concentrations during the follicular phase was found. However, the study included a 

measure of high and low trait anxiety of the individuals with PMDD (Gingnell et al., 2012). 

Results indicated an interaction effect with women who rated higher trait anxiety and higher 

levels of activation in the right amygdala during the luteal phase compared to the follicular 

phase. These results are more in line with Protopopescu et al. (2008b) study, but the results did 

not incorporate all of the PMDD patients and thus are showing a relationship between high trait 

anxiety together with PMDD and higher activation of the amygdala rather than a generally high 

activation of the amygdala in patients with PMDD (Gingnell et al., 2012).  

Ossewaarde et al. (2013) conducted a study of changes in GM volume of the amygdala and 

menstrual phases, including examining possible associations with high levels of stress and 

elevated amygdala activity with the use of magnetic resonance imaging (MRI). The study 

incorporated movie clips with both aversive and neutral content that would evoke stressful or 

neutral emotions in the participants. Results suggested a relationship between negative mood that 

was provoked by stress during premenstrual phase (late luteal phase) and increased GM volume 

in the medial nucleus of the amygdala. Hence, a significant increase in activation in the 

amygdala during the premenstrual phase (luteal phase) was obtained. Ossewaarde et al. (2013) 

continue with suggesting that this correlation could generate from the high number of gonad 

hormones receptors in this specific area of the amygdala, thus, indicating a relationship between 

increased GM volume and high levels of progesterone and estrogen (Ossewaarde et al., 2013).  
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In sum, these results could mean that women with PMDD are more prone to experience 

higher activity in the amygdala when exposed to high rated stressful situations during the 

premenstrual stage. The results, which indicate a decreased ability for inhibiting negative stimuli, 

together with the increased responsiveness to negative emotional also lay important groundwork 

for the understanding for why these women experience elevated emotional symptoms during this 

phase. However, since the studies are showing inconsistent results regarding this brain area, 

future research is required to be able to find if causation exist between the functional changes 

within the amygdala and the diagnosis of PMDD.  

 

5.3 Cerebellum 

Berman, London, Morgan, and Rapkin (2013) studied the relationship between PMDD and 

activity in the cerebellar region and its link to emotional processing. Twelve women with PMDD 

(diagnosed consistent with the PMDD criteria via DSM-IV), and 13 healthy women were 

included in the study. The study design incorporated brain scanning with the use of MRI during 

the luteal phase as well as positron-emission tomography (PET) scanning during both the luteal 

phase and the follicular of the cycle together with measurement of mood symptoms. The results 

indicated that women with PMDD had an increased GM volume in the cerebellum compared to 

healthy women during the luteal phase. The increase in activation was found in the cerebellar 

regions that are connected to emotional processing such as the midline vermis and fastigial 

cerebellar regions, which communicate with the limbic system (Berman et al., 2013). 

Furthermore, the study showed significant results that women with PMDD did not experience 

regression of age-related GM loss in the midline vermis and fastigial regions in the cerebellum to 

the same extent as healthy women. Which the authors state could imply that the elevated 

processing of emotional stimuli in women with PMDD actually could act as a shield against 

reduction of GM caused by age. This because of the enhanced responsiveness to emotional 

stimuli helps the cerebellum to strengthen its synapses and therefore increases the GM volume 

(Berman et al., 2013). This in turn could explain the amplified proficiency for women with 

PMDD to experience more emotionally related stimuli around the premenstrual phase.  

 Earlier studies by the same research group have been made and the outcomes showed 

similar results (Rapkin et al., 2011) with an increased GM volume in the vermis region in the 

cerebellum during the luteal phase compared to follicular phase. This increase was only found in 



PREMENSTRUAL DYSPHORIC DISORDER 26 

women with PMDD and a correlation between this increase and symptoms worsening were 

found. The study included 12 women with PMDD and 12 women without, both progesterone and 

estrogen plasma levels were assessed as well as PET scanning and self-report measurements. 

Additional urine test for ovulation was conducted before brain scanning, to control for measuring 

the correct phases. Scanning was performed during the late follicular phase and late luteal phase. 

No changes in the amount of plasma progesterone and estrogen levels were found between the 

groups. Besides the relationship with the limbic system the cerebellum is also the site for 

numerous GABAA receptors (Rapkin et al., 2011), thus a relationship between ALLO sensitivity 

and activation in the cerebellum region could be possible. This relationship could be an 

underlying cause of the experienced increase of negative emotion during the premenstrual phase 

in women with PMDD, since these women have a higher activity in the emotional cerebellum 

region during this phase.  

 

5.4 Brain-Derived Neurotrophic Factor 

Brain-derived neurotrophic factor (BDNF) is a neurotrophin (in the protein family) that is 

believed to be important for brain plasticity, with growth and survival of neurons (Oral et al., 

2015). This is because BDNF performs as a neurotransmitter on post-synaptic neurons, thus, 

providing aiding capabilities that influence depolarization in post-synaptic neurons, increasing 

the ability for long-lasting changes in neurons (Cubeddu et al., 2011) and strengthening of 

synapses (Komulainen et al., 2008). Lower serum levels of BDNF have been shown to be linked 

with mood disorders, postpartum depression and anxiety traits (Oral et al., 2015). Cubeddu et al. 

(2011) reported findings that indicated differences in plasma levels of BDNF in women with 

PMS and women without PMS. Women without PMS had a higher level of BDNF in their blood 

during the luteal phase and lower levels during follicular phase similarly to the levels of 

progesterone and estrogen indicating that a relationship could occur. By contrast, the women 

with PMS had lower levels of BDNF in luteal phase compared to the follicular phase of the 

menstrual cycle (Cubeddu et al., 2011). Studies have been made on BDNF contribution to 

cognitive function, and it has been shown that lower levels of BDNF are a biomarker of 

cognitive dysfunction in women (Komulainen et al., 2008). However, Komulainen et al. (2008) 

studied women in non-reproductive age (age 55-74), hence the results should be interpreted to 

reproductive women with caution. However, these results indicate a relationship between the 
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levels of BDNF and estrogen (Komulainen et al., 2008). This goes in line with former studies; 

Scharfman and Maclusky (2006) performed a study on the relationship between estradiol and 

BDNF and implied that the effects of estrogen may be induced by BDNF.  

Nonetheless, at this time no studies have been made in regard to BDNF and PMDD, future 

studies should incorporate the more severe form of premenstrual symptoms to be able to get an 

greater understanding if BDNF is important for the occurrence of enhanced symptoms in the 

diagnosis.  

 

6. Changes in Behavior During the Menstrual Cycle 

A fundamental part of humans is the ability to use cognition, a multidimensional set of 

intellectual functions (Luine, 2014). Cognition enables us to learn, retain and recall information. 

It includes mental abilities in such as being able to hold attention, create and evoke memories, 

produce language and more complex skills involving reasoning, judgment and evaluation (Luine, 

2014). Steroid hormones such as estrogen and progesterone have an important role in regulating 

memory and learning. The limbic system involves multiple brain structures such as the 

hypothalamus, thalamus, amygdala, olfactory bulb, mammillary bodies and the nucleus 

accumbens, as well as cortical areas including the insula, medial prefrontal cortex, cingulate 

gyrus, parahippocampal gyrus also hippocampal formation (Catenaccio et al., 2016). These 

regions have a strong influence on reproductive function and neuroendocrine homeostasis as well 

as storing and retrieving memories, emotional processing and decision-making. Consequently, 

researchers are arguing that these brain structures are involved in women’s fluctuating behaviors 

during the menstrual cycle causing behavioral changes during the different phases (Catenaccio et 

al., 2016). 

  Anecdotal evidence implies that some women experience both emotional and physical 

symptoms during the premenstrual phase, such as mood swings, depression, anxiety and pain. 

However, more cognitive issues such as problems with the sensation and perception of senses 

such as increased smell, sound and light sensitivity is also common. Even problems with 

memory and concentration as well as feelings of being disorganized and language difficulties 

occur. Nevertheless, anecdotal evidence provides a foundation of the issues that women can 

experience during the luteal phase of the menstrual cycle. Research made on the changes 

throughout the menstrual cycle is initiated in multiple areas, such as olfaction (Doty & Cameron, 



PREMENSTRUAL DYSPHORIC DISORDER 28 

2009), vision (Lusk, Carr, Ranson, Bryant, & Felmingham, 2015), and pain (Veldhuijzen et al., 

2013), verbal fluency (Griksiene & Ruksenas, 2011; Maki, Rich, & Rosenbaum, 2002; 

Mordecai, Rubin, & Maki, 2008; Solís-Ortiz & Corsi-Cabrera, 2008), visuospatial abilities 

(Hausmann, Slabbekoorn, Van Goozen, Cohen-Kettenis, & Güntürkün, 2000) and attraction 

(Gangestad & Thornhill, 1998; Georgiadis & Kringelbach, 2012; Gildersleeve, Haselton, & 

Fales, 2014; Puts et al., 2013; Rupp et al., 2009) to name a few. Yet, empirical research is still 

limited in studies regarding PMDD. This essay will mainly shine a light on the more severe state 

of premenstrual symptoms that is shown in PMDD.  

Next section will introduce some of the empirical evidence that has been made through 

neuroscientific and psychological studies. Because of the limited space in this essay, a selection 

of cognitive functions was required. A reasonable large amount of studies made in this area in 

regard to the changes during the menstrual phases. Therefore, the areas were chosen essentially 

in relation to the primary focus on changes that occur in the menstrual cycle in relation to 

PMDD. Whilst, a lack of valid studies made in regard to the PMDD state and cognition is 

evident, so therefore some studies that did not include patients with PMDD will be incorporated. 

Following section will mainly focus the changes in anticipation, inhibitory control, and working 

memory during the menstrual cycle.  

  

6.1 Anticipation  

Studies made on PMDD patients have implied that a plausible relationship between 

increased symptoms and a change in anticipation could occur during the luteal phase of the 

menstrual cycle (Bannbers et al., 2011). Dreher et al. (2007) studied the hormonal changes of 

estrogen and progesterone in 13 healthy women and the behavioral changes in relation to reward 

anticipation during the different phases of the menstrual cycle. Plasma levels of hormones were 

conducted and the luteal phase showed higher levels of both estradiol and progesterone. Dreher 

et al. (2007) were interested in studying the relationship with changes in cognitive functions 

during the menstrual cycle, especially the anticipating of an uncertain reward. This was studied 

on women during both phases of the menstrual cycle with an fMRI and a task involving 

monetary reward (Dreher et al., 2007). The results of fMRI scanning indicated an higher 

activation of reward anticipation during the follicular phase, this in regards to activation in the 

reward system including the orbitofrontal cortex, amygdala, middle frontal gyrus, medial orbital 
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sulcus, and anterior prefrontal cortex. A correlation was found between estradiol secretion and 

amygdala and hippocampus in the follicular phase, however, a negative correlation with estradiol 

was found in regard to hypothalamus during the same phase. The negative relationship with 

estradiol was additionally found in thalamus, dorsolateral prefrontal cortex, anterior cingulate 

cortex and bilateral fronto-polar cortex (Dreher et al., 2007). These results imply that the reward 

system is more activated in both anticipation and the receiving of the reward during the follicular 

phase compared to the luteal phase of the menstrual cycle in healthy women.  

 In Dreher et al. (2007) study on reward anticipation, the brain areas of anterior cingulate 

cortex and dorsolateral prefrontal cortex were more active during the luteal phase of the 

menstrual cycle. Contradicting the positive relationship to estrogen during the follicular phase in 

regard to reward anticipation, the luteal phase is characterized by a positive relationship between 

the anticipation and progesterone. Thus, the results imply that the different hormones evoke 

anticipation for reward during the specific phases, namely, progesterone in the luteal phase and 

estrogen during the follicular phase. However, during the actual receiving of the reward in the 

luteal phase both estrogen and progesterone play an important role for different brain areas. 

Estradiol levels seem to correlate with activity of the orbitofronal cortex as well as the amygdala. 

By contrast, activity in the anterior cingulate cortex and fronto-polar cortex is correlated 

positively with progesterone.   

Healthy women show a higher degree of activation for anticipation for reward stimuli 

during the follicular phase. Nonetheless, because of the changes that occur in the brain of a 

woman with PMDD, Bannbers et al. (2011) studied the possibility for an impaired potential for 

anticipating emotional stimuli with the use of emotional pictures and unpleasant pulsating sounds 

(Bannbers et al., 2011). More in detail, the study looked at the acoustic startle response, a 

physiological reflex to auditory stimuli. PMDD patients showed an increase of anticipation for 

both positive and negative stimuli during the luteal phase, implying that the ability to responding 

to emotional stimuli is enhanced and more sensitive in regards of anticipation (Bannbers et al., 

2011).  Gingnell et al. (2013) studied the relationship between emotional anticipation, actual 

emotional stimulation and the premenstrual disorder PMDD with the use of pictures with 

emotional content. Brain scanning was carried out with fMRI in the mid follicular phase as well 

as in late luteal phase in 14 women with PMDD and 14 women without. Blood serum 

progesterone and estrogen levels were measured in all of the participants upon the fMRI 
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sessions. The results indicated that differences occur in women with PMDD compared to 

controls, in regards to the anticipation of emotional stimuli although not the actual emotional 

response. This response is seen in a raised activation within the anterior medial prefrontal cortex 

(mPFC) as well as dorsolateral prefrontal cortex (dlPFC) during the luteal phase when exposed 

to negative stimuli. Yet, this activation was only seen in regards to the anticipation of the 

negative emotion, and not to the actual negative stimuli. This indicates that women with PMDD 

could experience an elevated activation to believed negative stimuli (Gingnell et al., 2013). The 

mPFC is believed to have a relationship with the regulation of the sympathetic nervous system, 

especially during trading and fearful situations. Hence, this relationship of the higher activation 

of the mPFC and anticipation of negative stimuli could possibly describe a relationship of the 

reoccurring symptoms of rumination and higher proneness for anxiety in women with PMDD 

(Gingnell et al., 2013). 

 

6.2 Working memory 

Memory is a critical cognitive function in human beings that allows us to function normally 

in daily life. Working memory is needed to be able to understand and process new information. It 

is temporarily holding information while new information is coming in and updating or 

manipulates the existing data. This type of memory is important to be able to use other kinds of 

cognitive abilities (Joseph, Swearingen, Corbly, Curry, & Kelly, 2012). Yen et al. (2012) found 

results showing a decreased of performance in an N-back test, a cognitive test measuring 

working memory, in women with PMDD (n=64) during the luteal phase compared to women 

deprived of PMDD (n=62). Nonetheless, no changes were found in the follicular phase between 

women with PMDD and women without. Hence, this implies that the disorder affecting the 

women during the premenstrual phase consolidates a deficit in working memory during the luteal 

phase (Yen et al., 2012). A newer study by the same research department revealed equal 

conclusions with a lower performance in the cognitive task (N-back & Go/NoGo task) measuring 

working memory (Yen et al., 2012). Working memory has shown to have an important impact on 

cognitive functions, because of the involvement in short-term storage of memory as well as 

recognition and understanding of information. The impairment that is seen in women with 

PMDD during the luteal phase implies a decreased working memory, consequently, this can 

reduce the capability to use important functions such as problem-solving and organizational 
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skills. Hence, this could relate to women with PMDD experience feelings of lower concentration 

skills during this phase of the menstrual cycle (Yen et al., 2012).  

Similar results were found in a study executed by Reed, Levin, and Evans (2008). The study 

design included measurement on cognitive, affective and appetite functions. The study included 

29 women (15 without PMDD, 14 with PMDD), hormonal levels were measured as well as five 

cognitive tasks, four subjective rating tests of mood, one balance tests together with two test 

measuring appetite and food consumption. No significant differences between the two groups 

were found concerning hormone levels (Reed et al., 2008). The cognitive task included digit 

symbol substitution task, as well as digit immediate digit recall, delay digit recognition, 4-h, 

delayed word recall tasks to study the function of working memory during the menstrual cycle. 

Further, the study also included the same assignments but with the focus on word recognition 

and recall (Reed et al., 2008). Women with PMDD performed worse than controls in the delayed 

digit recognition, as well as on the four hours delayed word recall during the luteal phase. 

Furthermore, women with PMDD have a higher tendency to perform worse on the delayed word 

recognition and the four hours delayed word recall. Thus, the women with PMDD showed an 

overall decrease in cognitive performance. However, in the divided attention task, both PMDD 

participants and control showed a decrease in tracking speed during the luteal phase (Reed et al., 

2008). The combined result of the measurements indicated an overall decline of cognitive 

performance during the luteal phase in women with PMDD. Thus, this combined result of 

decreased performance in cognitive tasks indicated a malfunctioning working memory during the 

luteal phase within women with PMDD. The mood measurements implied an increase of 

dysphoric mood in the luteal phase and not in the follicular phase. Moreover, no changes in 

working memory were found during the follicular phase (Reed et al., 2008). The measurements 

of appetite indicated that women with PMDD tend to obtain a craving for fatty and high protein 

diet during the luteal phase, it also contained higher calorie intake compared to both control and 

follicular phase measurements (Reed et al., 2008).   

 

6.3 Cognitive Control 

Cognitive control and inhibitory control are executive functions of cognition and helps us 

to make important decisions when it is crucial to be able to select and prioritize a suitable 

response/behavior to a stimulus. Women with PMDD tend to experience difficulties with 
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inhibition of their impulses during the late luteal phase of the menstrual cycle, hence they are 

experiencing reduced capability for cognitive control.   

Yen et al. (2014) studied cognitive control in women with PMDD (n: 59) and controls (n: 

74); all of the participants went trough a Go/NoGo task as well as hormone measurement, 

biochemistry test and questioners. The results indicated a decline in cognitive control during the 

premenstrual phase within women with PMDD. Nonetheless, this change was only seen in 

women with a specific genotype. This study denoted a relationship with this decline in 

performance to the G/G genotype of HTP1A, this is supposed to have an involvement in 

inhibiting the serotonin neurotransmission, however evaluating this relationship is outside the 

scope of this essay, besides of implying that a relationship with this decrease of performance 

could be of serotonin dysfunction in women with PMDD (Yen et al., 2014).  

Bannbers et al. (2012) studied this inhibitory control in natural cycling healthy women (n: 

13) and women that were diagnosed with PMDD (n: 14). Response inhibition was measured with 

the use of a Go/NoGo test while brain-scanning measurements were conducted with an fMRI. 

The fMRI scanning was planned to occur during mid follicular phase as well as late follicular 

phase to be able to measure the differences in relation to hormones levels. No difference in 

estradiol was found throughout the cycle, however a difference was found in progesterone levels, 

whereof the women with PMDD had lower levels during the luteal phase. Neither of the 

hormones showed a significant correlation with the changes in brain activity. The reaction time 

and the number of correct answers did not differ between the groups (Bannbers et al., 2012). On 

the other hand, women with PMDD showed a decrease in activation throughout the menstrual 

cycle in the parietal area, more precisely in the bilateral inferior parietal lobule, right postcentral 

gyrus as well as right superior parietal lobule in regard to response inhibition. Even a part of the 

basal ganglia was affected; the right caudate body did show a decrease in activation during the 

menstrual cycle as well. One difference between the groups and menstrual phases was found in 

the insula, where the women with PMDD had an increase during the luteal phase and a 

contrasting decrease during the follicular phase in comparison with the women without PMDD 

(Bannbers et al., 2012). However, these results do not imply that healthy women perform better 

than women with PMDD in Go/NoGO tasks, therefore it does not provide results that can be 

incorporated into explaining why some women have a tendency to have issues with inhibition 

control. Nonetheless, it does provide more information to the understanding of neurological 
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changes that do occur within women with PMDD that differs from women not suffering from 

severe premenstrual symptoms (Bannbers et al., 2012).  

 

Discussion 

The menstrual cycle is a complex circuitry, involving multiple organs and is depended on 

hormonal release. The main aim of this essay was to provide a review of recent studies on 

PMS/PMDD and emphasizing the neural and behavioral changes that occur during the luteal 

phase. The foremost focus of this essay has been PMDD. This is of importance because of the 

lack of etiology and understanding for the source of the problems that women experience during 

the last phase of the menstrual cycle. Further, it is of significance to highlight the involvement of 

the brain and nervous system in regard to the elevated symptoms.  

The essay started with an overview of the physiology of the menstrual cycle that includes 

the ovarian cycle. To further describe the brains involvement within the menstrual cycle, the 

NES, as well as the steroid hormones of estrogen and progesterone, were presented. Following 

this, an introduction of PMS/PMDD, one possible treatment, and the most frequently tried, 

subsequent a section regarding neural changes, subsequent with a section describing behavioral 

changes was provided. 

Moving on to the results from the presented studies, the main inquiry in this essay was to 

be able to present evidence for structural changes that actually occur during the menstrual cycle, 

to be able to respond to the belief that PMS/PMDD is only an exaggerated reaction to daily life 

issues as claimed by Browne (2015).  

The HPG-axis is essential for women to be able to retain a functional reproductive state 

(Fink et al., 2012). All of the segments of the axis are depended upon each other; the 

hypothalamus and pituitary gland are needed to produce FSH and LH, which in turn support the 

ovaries (and the brain) to secrete estrogen and progesterone (Handa & Weiser, 2014). As seen in 

this essay, this collaboration is not only central for the menstrual cycle to function, but also 

changes regarding several neural changes and thus affecting cognitive functions (Fink et al., 

2012). Regarding the neural changes that occur in the hippocampal area, it is evident that 

gonadal hormones could play an important part in structural alterations during the menstrual 

cycle (Protopopescu et al., 2008a; Lisofsky et al., 2015a). Particularly since the increased ALLO 

secretion during adolescence is seen to promote activity in the GABAA receptors (Smith, 2013), 
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thus, stimulating growth the dendrites of the cells in the hippocampus. The change in activation 

and GM volume is apparent during the menstrual cycle correlating to fluctuating hormones 

during the reproductive years of women (Protopopescu et al., 2008a; Lisofsky et al., 2015a).  

Likewise, a relationship with estrogen and neural changes is suggested in earlier research 

(Pompili et al., 2012; Frankfurt, & Luine, 2015) showing that high levels of estrogen produce 

stronger dendrite density and activation. Therefore, this might relate to the increase of 

hippocampal GM during the high levels of estrogen in the follicular phase in healthy women as 

seen in Lisofsky et al. (2015a). The difference between healthy women and women with PMDD 

could be explained by the dysfunction of ALLO secretion in GABAA receptors during the luteal 

phase (Bäckström et al., 2014). Since it is seen that hippocampus includes high numbers of 

GABAA receptors that are highly sensitive to the fluctuating levels of ALLO (Smith, 2013). 

This, in turn, could explain the paradoxical effects in regard to the activation in the hippocampal 

area in women with PMDD during the luteal phase. Hence, since the variances in outcome 

effected by the sensitivity to ALLO is different in women with PMDD (Bäckström et al., 2014). 

Henceforth, the changes in activation in the hippocampal area could be opposite in concerning 

healthy women and women with PMDD, thus, explaining the higher activation during the luteal 

phase in PMDD compared to healthy women. Furthermore, since hippocampus is also a part of 

the limbic system and this system is important for mood regulation (Catenaccio et al., 2016), this 

could also explain the elevated symptoms regarding mood, anxiety and depression in women 

with PMDD.  

Nonetheless, Jeong et al. (2012) claim that the increase of activation in the hippocampal 

area, together with the decrease in the parahippocampal area could be contributing to the 

experience negative symptoms in women with PMDD given the lack of inhibition of negative 

stimuli during the premenstrual phase. It is plausible that these changes occur since studies have 

shown that biological changes occur in the hippocampal area throughout the menstrual cycle 

(Lisofsky et al., 2015a). However, Jeong et al. reported an increase in the left hippocampal 

gyrus, albeit this evidence is only provided from one study. Therefore, it is still to early for a 

generalization to be made (Jeong et al., 2012), more studies need to be completed including 

participants with PMDD to be able to report a causal relationship.  

The hippocampal area, as well as the parahippocampal area, is seen to have an influence 

on the emotional regulation stimulated by other limbic structures such as the amygdala. Similar 
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to the hippocampus, the amygdala holds numerous estrogen and progesterone receptors 

(Ossewaarde et al., 2013). However, the research is providing inconsistent results concerning the 

amygdala activation throughout the cycle in women with PMDD. Protopopescu et al. (2008b) 

implied a relationship with higher activation in the amygdala when exposed to negative stimuli 

in the luteal phase during an inhibitory control task. They, therefore, argued that this could 

explain the increased responsiveness to negative stimuli. Controversially, an increased activation 

was found in the follicular phase instead of the luteal phase in Gingnell et al. (2012) study. 

However, the studies included different stimuli (visual and verbal stimuli) and could therefore 

account the different results.  

Moving on, interesting results were found in other areas in Protopopescu et al. (2008b) 

study. A decrease was found in the mOFC during negative stimuli in the luteal phase in women 

with PMDD. The authors claim that this could enhance the possibilities for a reduced inhibition 

for negative stimuli since the brain area plays an important role in regulating the output of the 

amygdala (Protopopescu et al., 2008b). Which in turn could support the fact that the amygdala 

could be involved in why some women do experience mood swings, and consequently therefor 

could explain the elevated sensitivity to negative stimuli.  

Furthermore, the changes concerning cognitive functions the essay has provided results 

indicating that PMDD influences certain cognitive variations during the premenstrual phase. 

Such as a decreased performance in cognitive test related to working memory (Yen et al., 2012), 

increased anticipation for negative stimuli (Gingnell et al., 2012) and acoustic stimulation 

(Bannbers et al., 2012), worse performance in task regarding word and digit recall and 

recognition (Reed et al., 2008). As seen in Yen et al. (2012) the women’s performance on the 

working memory task, did show a positive association with PMDD symptoms and poorer 

performance during the luteal phase in high demand task. Thus, a relationship with deterioration 

in working memory and PMDD during the luteal phase is likely. The authors assert that these 

differences in working memory between women with PMDD and women without, could be 

explained by multiple factors, including lack of a pronounced sample size, an elevated sensitivity 

to withdrawal of estrogen during the premenstrual phase or that women with PMDD is suffering 

from a defective serotonin functioning (Yen et al., 2012).  

The serotonin involvement is interesting since serotonin is thought to be involved with 

working memory as well as depressive mood (Yen et al., 2012). Besides, it is possible that SSRI 
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could reverse the decrease in working memory during the luteal phase within women with 

PMDD. As mentioned earlier SSRI is believed to help to normalize the sensitivity for ALLO 

secretions seen in women with PMDD (Birzniece et al., 2006). Maybe then the decreased 

working memory within PMDD could be an outcome from the women experiencing sensitivity 

for ALLO secretion.  

Taking this together, women with PMDD are experiencing biological, neurological and 

behavioral changes during the premenstrual phase of the menstrual cycle. As described earlier to 

this date studies regarding different brain areas seems to change in activation during the late 

luteal phase. This seen in an increase in activation in the amygdala during a emotional inhibitory 

control task, an decrease in medial orbitofrontal cortex for regulating negative stimuli and for 

positive stimuli an decrease was found in the nucleus accumbens (Protopopescu et al., 2008a). 

This could be why some women experience a change in emotional regulation and that PMDD 

could be responsible for increased brain activation for emotional processing. Furthermore, this 

essay also put forward a study showing significant results for a decrease in GM volume in the 

hippocampus during the late luteal phase, as well as an increase in the parahippocampal region 

(Jeong et al., 2012). In sum, this could mean that women with PMDD tend to response to, 

especially negative stimuli differently compared to healthy women. The increasing of GM in the 

hippocampal area during the premenstrual stage could in turn produce hypersensitivity for 

stimuli thus, women with PMDD easier can experience a enhanced affect from the negative 

stimuli and to excessively identify this kind of stimuli. This together with an increase activity in 

the amygdala (Protopopescu et al., 2008b), cerebellum (Berman et al., 2013; Rapkin et al., 2011) 

and parahippocampus (Jeong et al., 2012) could explain the struggle the brain encounters during 

this period of time to be able to actually inhibit the emotional affect from the stimuli that it 

usually does in the other phases of the cycle.   

The alteration in cognitive function presented in this essay showed significant results 

regarding changes in anticipation, working memory and cognitive control. The higher sensitivity 

for anticipation for negative stimuli in women with PMDD, could explain the stressed emotional 

regulation and also could explain why some women tend to feel more sensitive in social 

relationships and thus affecting their social and family life. The changes in anticipation was 

believed to be seen in the mPFC as well as the dlPFC, which are also known to play a role in 

cognitive and emotional processing. This combined with the decline in cognitive control ( 
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Bannbers et al., 2012; Yen et al., 2014)could in turn provide concerns for these women when the 

can experience a decrease in the ability to inhibit responses and therefore behave or respond in a 

way that they normally would inhibit. Further, Reed et al. (2008) study implied that women with 

PMDD showed a decline in cognitive performance during multiple tasks during the luteal phase 

compared to the follicular phase. The author’s emphases that this could incorporate till increased 

dysphoric mood, changes in food cravings and tasks that is depended on working memory. 

Similar results was also found in Yen et al. (2012) and Yen et al. (2014) which showed lower 

performance in cognitive task measuring working memory.  

Combining the mentioned significant results in neural activation and cognitive function, I 

claim in that accepting Browne (2015) and Ussher (2003) statement that the foundation of 

PMDD should not be labeled as pathological or biological is unjustified. Although the PMDD 

research contains contradicting evidence, various studies imply neural and biological 

involvement. Additionally, anecdotal evidence indicates that some women are not consciously 

aware of which menstrual phase they are in while experiences elevated symptoms of PMDD, 

hence, claiming that women are suppressing these feelings until a specific “time of the month” in 

my opinion is implausible. Therefore, in my opinion, it does not hold, to claim that women 

experiencing premenstrual symptoms are a result of the social system, claiming that "women can 

only show their worse sides during the premenstrual phase”, thus, keeping their feelings to 

themselves during in the previous weeks. This due to the fact that some of these women do not 

control for the current phase of the cycle, and therefore they cannot adapt their behavior to what 

is seen as socially correct. Therefore, to my knowledge, blaming the social construction of 

femininity cannot defend the experience of elevated symptoms experienced by women with 

PMDD. However, likewise, as Browne (2015) & Ussher (2003) claim, it is important to not 

diminish these women’s extent of symptoms. Conversely, it is of importance to continue to study 

the development of the symptoms as a biology and pathologic phenomenon.  

 

Problems with Menstrual Cycle Research 

This part of the essay will start off with a discussion regarding the flaws that menstrual 

cycle linked research encounter in the present moment. Considerable research has been done in 

regard to the menstrual cycle, but evidence and results have shown inconsistency. This 

problematic issue is rooted in the methodical differences throughout studies (Hjelmervik et al., 
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2012). To this date, no regulation of when to collect hormonal data is provided. This can make 

the generalization of the results difficult. As mentioned earlier, the hormones levels are 

fluctuating throughout the menstrual cycle, hence, if the measurements are conducted at different 

times during the phases the results will differ (Lisofsky et al., 2015b). Therefore, I suggest that a 

regulation for when to conduct these measurements should be stated. It is not enough to measure 

the hormonal data within each phase (the follicular or luteal phase), the researchers must also 

specify for which dates within the phase when the measurements have been conducted. Since, for 

example, considerable variance will be seen when the data is measured in the early follicular 

phase compared to late follicular phase and so on. Since the follicular phase includes a surge of 

estrogen just before ovulation that will provide neurological changes in the brain. Furthermore, 

this can be seen in late part of the luteal phase as well, that are experiencing a falling of both 

estrogen and progesterone, compared to the early luteal phase that is noticeably high in both 

hormones (Lisofsky et al., 2015b). Therefore, the decision of measuring two separate phases is 

not enough; the researchers should also be more accurate to collect samples from the same days 

of the phase, to be able to provide accurate results since the hormones are fluctuating. Hence, it 

is essential for future findings that more studies follow the exact same pattern in collecting 

hormonal measurement during the cycle, to be able to control the normal hormonal fluctuation 

and cycle phases (Hjelmervik et al., 2012).  

Furthermore, when studying the menstrual cycle as well as fluctuating hormones, the 

same measure and diagnostic fluids need to be used, as currently, blood, urine and saliva 

measurements are used to measure the magnitude of secreted hormones. Thus, the hormonal 

fluctuation can differ from study to study based on the measurement tools that have been used 

(Hjelmervik et al., 2012). Furthermore, considerable part of the literature on research on the 

menstrual cycle does not actually include measurements of the hormones, instead of the 

operational definition only includes calendar counting, from the women´s first day of menses and 

approximately 14 days to ovulation (generally counted on a 28-day long cycle).  This could 

however cause largely distorted measures when the researchers cannot be certain which phase 

the participants are in (Hodgetts, Weis, & Hausmann., 2015).  

Moreover, another issue that to a great extent affect most of the research studies made on 

PMS/PMDD and the menstrual cycle is the lack of strong sample sizes. Numerus studies are 

made with smaller sized groups and can therefore not exclude the possibility of type 1 error, thus 
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providing a higher chance that the positive result is, in fact, a positive false (Bannbers et al., 

2011; Bannbers et al., 2012; De Bondt et al., 2013; Gingnell et al., 2012; Gingnell et al., 2013; 

Jeong et al., 2012). For that reason, it is crucial for future studies to include a larger sample size 

to be able to control for the confounding variables of type 1 errors.  

At the present moment, plentiful research has been conducted in this area, however much 

of it, is still requiring modifications in vital areas such as stronger operational definition designs. 

Furthermore, it is essential for this area to increase the volume of research as well as expand the 

sample sizes. As well as working on developing concrete guidelines for how to conduct the 

hormonal measurements, this will further be valuable in the requirement to improve the 

accurateness of the actual phases measured during the cycle, which is recommended.  

As discussed earlier in this paper, menstrual cycle related changes occur in different areas 

in the brain during the follicular and luteal phase. The hormonal changes that occur have been 

recognized to change both grey matter volume (Lisofsky et al., 2015a; Pletzer et al., 2010) and 

multiple brain area activation (Ossewaarde et al., 2013; Protopopescu et al., 2008b;). Therefore, 

even in other areas than menstrual cycle research, scientists should take the different menstrual 

cycle phases into account when studying human behavior, to be able to account for reliable 

results (De Bondt et al., 2013). Consequently, if menstrual cycle phases are not controlled, the 

outcome results can be distorted and provide heterogeneous results (De Bondt et al., 2013). The 

researchers Hodgetts et al. (2015) mention this issue in their article. They mean that because of 

lack of control for the different fluctuations during the menstrual cycle, the results on language 

lateralization and the differences between men and women have reached an erroneous 

conclusion. Thus, the inconsistency of the study results could depend on the fact that the lack of 

control for hormonal changes during the menstrual cycle does not provide accurate results 

(Hodgetts et al., 2015).  

In sum, research about the menstrual cycle and PMDD is highly complex and is still 

facing conflicting evidence together with multiple methodological issues. It is therefore, in the 

end, difficult and too early to draw conclusion and generalizations from the excising research in 

regard to the etiology of PMDD. Still, the overall picture of the collected evidence is aiming at 

that the origin of PMDD could be biological and is incorporated in complex brain structures that 

are changing in regard to fluctuating hormones or dysfunctional regulation of GABAA 

modulators. That in turn affects some women’s cognitive and emotional behaviours during the 
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luteal phase of the cycle. Since the menstrual cycle is highly depended on the NES, cooperation 

with the brain as well as the ovaries, we should not overlook the possibilities for a biological 

origin of the disorder. The recognition of the biology of the disorder could, in turn, impact the 

women suffering from premenstrual symptoms in daily life, because of more knowledge about 

the disorder could in turn open up for a possible future with adequate treatment for these women. 

Hence, future research might hopefully provide with the correct treatment and thus, give them a 

chance of reduced suffering for the individual woman.  
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Appendix A 

DSM-V criteria for Premenstrual Dysphoric Disorder Diagnostic Criteria 

 

A.   In the majority of menstrual cycles, at least five symptoms must be present in the final 

week before the onset of menses, start to improve within a few days after the onset of 

menses, and become minimal or absent in the week postmenses. 

B.   One (or more) of the following symptoms must be present: 

1.   Marked affective labiality (e.g., mood swings; feeling suddenly sad or tearful, or 

increased sensitivity to rejection).  

2.   Marked irritability or anger or increased interpersonal conflicts. 

3.   Marked depressed mood feelings of hopelessness, or self-deprecating thoughts. 

4.   Marked anxiety, tension, and/or feelings of being keyed up or on edge. 

C.   One (or more) of the following symptoms must additionally be present, to reach a total of 

five symptoms when combined with symptoms from Criterion B above.  

1.   Decreased interest in usual activities (e.g., work, school, friends, hobbies). 

2.   Subjective difficulties in concentration. 

3.   Lethargy, easy fatigability, or marked lack of energy. 

4.   Marked change in appetite; overeating; or specific food cravings. 

5.   Hypersomnia or insomnia 

6.   A sense of being overwhelmed or out of control. 

7.   Physical symptoms such as breast tenderness or swelling, joint or muscle pain, a 

sensation of “bloating,” or weight gains. 

Note: the symptoms in Criteria A-C must have been met for most menstrual cycles that 

occurred in the preceding year. 

D.   The symptoms are associated with clinically significant distress od interference with 

work, school, usual social activates, or relationship with others (e.g., avoidance of social 

activates; decreased productivity and efficiency at work, school or home). 

E.   The disturbance is not merely an exacerbation of the symptoms of another disorder, such 

as major depressive disorder, panic disorder, persistent depressive disorder (dysthymia), 

or personality disorder (although it may co-occur with any of these disorders). 

F.  Criterion A should be confirmed by prospective daily ratings during at least two 
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symptomatic cycles. (Note: The diagnosis may be provisionally prior to this 

confirmation).  

G.   The symptoms are not attributable to the physiological effects of a substance (e.g., a drug 

of abuse, a medication, other treatment) or another medical condition (e.g., 

hyperthyroidism).  

 

(American Psychiatric Association, 2013) 

 

 

 

 

 

 

 

 

	  


