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Abstract

Premenstrual Syndrome (PMS) and migraine are two clinically distinct but biologically intertwined
conditions that disproportionately affect individuals of reproductive age. Both disorders are characterized by
cyclical patterns tied to hormonal fluctuations—most notably the abrupt withdrawal of estrogen and changes in
progesterone levels during the luteal phase. Recent research reveals a convergence of underlying mechanisms,
including dysregulation of the serotonergic and GABAergic systems, neurovascular instability, and heightened
inflammatory responses. This narrative review explores how a shared neuroendocrine axis may drive the
manifestation of both PMS and migraine, resulting in overlapping physical and emotional symptoms. By
examining these interconnected pathways, we aim to illuminate opportunities for integrated diagnostic strategies
and multimodal therapeutic approaches that consider the full scope of hormonal, neurological, and immune
interactions. Understanding the "one axis, two faces" framework could be the key to more effective and
individualized care.
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1. Introduction

Premenstrual Syndrome (PMS) affects up to 75% of menstruating individuals, with 3–8% experiencing severe
forms such as Premenstrual Dysphoric Disorder (PMDD) (Yonkers et al., 2008). Migraines, particularly
menstrual migraines, affect approximately 20% of women of reproductive age, with attacks frequently occurring
in the perimenstrual period (Vetvik & MacGregor, 2017). The temporal overlap of PMS symptoms and
migraines suggests a shared pathophysiological basis. Both conditions are influenced by hormonal fluctuations,
neurotransmitter dysregulation, and neurovascular changes, indicating potential common therapeutic targets
(MacGregor, 2004).

Recent studies highlight that beyond hormonal influences, genetic predispositions and environmental factors
play critical roles in modulating susceptibility to both conditions (Buse et al., 2013). Stress, sleep disturbances,
and lifestyle choices, including diet and physical activity, have been identified as significant modulators of
symptom severity (Schiavone et al., 2015). Moreover, neuroinflammatory processes and immune system
dysregulation have been increasingly recognized as contributing to the pathogenesis of both PMS and migraines
(Calhoun & Hutchinson, 2009). There is growing evidence suggesting that fluctuations in estrogen and
progesterone affect central nervous system sensitivity, potentially triggering both mood and pain disorders
(Nappi et al., 2013). Additionally, alterations in hypothalamic-pituitary-adrenal (HPA) axis function have been
linked to both PMS and migraine pathophysiology, particularly in relation to stress response regulation
(Facchinetti et al., 2003). Recognizing these shared mechanisms is crucial for developing integrated treatment
approaches that address both PMS and migraine symptoms. This narrative review aims to explore the complex
interplay of hormonal, neurochemical, and inflammatory factors underlying the comorbidity of PMS and
migraines, while highlighting potential diagnostic and therapeutic strategies.

2. Hormonal Fluctuations as a Common Trigger

Hormonal fluctuations, particularly involving estrogen and progesterone, are central to the pathophysiology of
both PMS and migraines. The cyclical nature of these hormonal shifts throughout the menstrual cycle
significantly influences the onset and severity of symptoms in susceptible individuals. Estrogen and progesterone
not only regulate reproductive functions but also modulate neurochemical pathways, vascular reactivity, and
inflammatory responses, all of which are implicated in PMS and migraine pathogenesis.

2.1 Estrogen Withdrawal Hypothesis

Estrogen plays a pivotal role in modulating both mood and migraine susceptibility. The estrogen withdrawal
hypothesis suggests that the abrupt decline in estrogen levels during the late luteal phase triggers both PMS
symptoms and migraine attacks (Halbreich & Kahn, 2001). Estrogen withdrawal leads to increased cortical
excitability, alterations in serotonin metabolism, and heightened sensitivity to pain stimuli (MacGregor, 2004).

Beyond its neurochemical effects, estrogen withdrawal impacts vascular stability, contributing to cerebral
vasodilation and neurogenic inflammation, common triggers in migraine pathophysiology (Silberstein &
Merriam, 1991). Estrogen influences nitric oxide production, which affects vascular tone and may exacerbate
headaches when estrogen levels drop sharply (Vetvik & MacGregor, 2017). Furthermore, estrogen interacts with
the hypothalamic-pituitary-adrenal (HPA) axis, modulating stress responses that can trigger both mood
disturbances and migraines (Facchinetti et al., 2003). Studies have also indicated that estrogen fluctuations
influence glutamate transmission, increasing neuronal excitability and migraine susceptibility (Calhoun &
Hutchinson, 2009). The presence of estrogen receptors in brain regions involved in pain modulation, such as the
trigeminal nucleus caudalis, suggests a direct role in migraine pathogenesis (Nappi et al., 2013). Hormonal
therapies aiming to stabilize estrogen levels have shown promise in reducing both PMS and migraine symptoms,
supporting the centrality of this mechanism (MacGregor, 2014).

2.2 Progesterone and Neurosteroids

Progesterone and its metabolites, such as allopregnanolone, influence GABAergic neurotransmission, which
plays a role in mood stabilization and pain modulation. Fluctuations in progesterone may contribute to both
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mood instability in PMS and increased migraine susceptibility through altered GABA receptor sensitivity
(Epperson et al., 2002).

Progesterone withdrawal, similar to estrogen, has been linked to increased anxiety and depressive symptoms due
to reduced GABAergic activity (Pearlstein & Steiner, 2008). Allopregnanolone acts as a positive allosteric
modulator of GABA-A receptors, promoting inhibitory neurotransmission and exerting anxiolytic effects; its
decline during the luteal phase may exacerbate PMS-related mood symptoms (Benedetti et al., 2015).
Additionally, progesterone influences neuroinflammatory processes, with fluctuations potentially triggering
cytokine release that sensitizes pain pathways associated with migraines (Rapkin & Akopians, 2012). The
interplay between progesterone, neurosteroids, and neurotransmitter systems underscores the complexity of
hormonal contributions to both PMS and migraines. Understanding these mechanisms is essential for developing
targeted therapies that address the neuroendocrine basis of these conditions.

3. Neurotransmitter Dysregulation

Neurotransmitter imbalances play a crucial role in the pathophysiology of both PMS and migraines. Fluctuations
in key neurotransmitters such as serotonin, dopamine, and gamma-aminobutyric acid (GABA) contribute to
mood disturbances, cognitive changes, and heightened pain sensitivity observed in individuals affected by these
conditions. Hormonal shifts, particularly the withdrawal of estrogen and progesterone during the luteal phase,
have been shown to influence neurotransmitter synthesis, release, and receptor sensitivity, leading to the
complex symptomatology characteristic of PMS and migraines.

3.1 Serotonergic Dysfunction

Serotonin (5-HT) is a key neurotransmitter involved in both mood regulation and migraine pathophysiology.
Reduced serotonergic activity during the luteal phase has been linked to depressive symptoms in PMS and
migraine attacks (Pearlstein & Steiner, 2008).

Low serotonin levels are associated with irritability, mood swings, and depressive symptoms commonly
observed in PMS. In migraines, serotonin deficiency leads to vasodilation of cerebral blood vessels, contributing
to migraine pathogenesis (Kroeze & Roth, 1998). Estrogen withdrawal reduces tryptophan availability, the
precursor for serotonin synthesis, exacerbating serotonergic deficits during the premenstrual phase (Halbreich,
2003). Additionally, fluctuations in serotonin can affect the hypothalamic-pituitary-adrenal (HPA) axis, further
dysregulating mood and stress responses (Girdler & Klatzkin, 2007). Selective serotonin reuptake inhibitors
(SSRIs) have demonstrated efficacy in alleviating PMS symptoms, while triptans, which act on serotonin
receptors, are effective in managing acute migraine attacks (Freeman et al., 1999). The bidirectional influence of
serotonin on mood and pain pathways highlights its central role in the comorbidity of PMS and migraines.

3.2 Dopamine and GABA Systems

Dopaminergic hypersensitivity and GABAergic dysfunction are implicated in both PMS and migraines.
Dopamine receptor sensitivity may influence migraine aura, while GABAergic dysregulation affects both mood
stability and cortical excitability (Girdler & Klatzkin, 2007).

Dopaminergic hypersensitivity has been linked to symptoms such as nausea, fatigue, and mood fluctuations,
which are common in both PMS and migraine prodromes (Peroutka, 1997). Additionally, dopamine
dysregulation may contribute to increased stress sensitivity, aggravating both conditions (Rapkin & Lewis, 2013).
GABA, the primary inhibitory neurotransmitter in the central nervous system, plays a critical role in mood
regulation and the modulation of cortical excitability. Progesterone-derived neurosteroids, such as
allopregnanolone, enhance GABAergic activity, producing anxiolytic and mood-stabilizing effects; however,
abrupt changes in their levels during the menstrual cycle may lead to mood dysregulation and increased migraine
susceptibility (Epperson et al., 2002). The complex interplay between dopaminergic and GABAergic systems
underscores the neurochemical basis of PMS and migraines, providing potential targets for therapeutic
intervention.
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4. Neurovascular and Inflammatory Mechanisms

Neurovascular and inflammatory mechanisms are central to the pathogenesis of both PMS and migraines. These
mechanisms involve complex interactions between hormonal fluctuations, vascular reactivity, and immune
responses, contributing to the diverse symptoms experienced during the premenstrual phase and migraine attacks.

4.1 Neurovascular Dysregulation

Migraine is traditionally considered a neurovascular disorder characterized by altered cerebral blood flow and
vascular reactivity. Similar vascular changes may occur in PMS, where hormonal fluctuations affect endothelial
function and cerebral perfusion (Silberstein & Merriam, 1991). Estrogen, known for its vasodilatory effects,
modulates nitric oxide synthesis, and its withdrawal leads to increased vascular tone and reactivity, potentially
triggering migraine attacks (Edvinsson & Uddman, 2005).

Emerging evidence suggests that estrogen withdrawal impacts cerebral blood flow through both direct and
indirect mechanisms involving the autonomic nervous system (Ashkenazi & Silberstein, 2006). Hormonal
fluctuations also alter the expression of vasoactive peptides such as calcitonin gene-related peptide (CGRP), a
key mediator in migraine pathogenesis (Russo, 2015). Additionally, changes in prostaglandin levels during the
menstrual cycle may contribute to neurovascular instability, exacerbating both PMS symptoms and migraines
(Maizels & Burchette, 2004). Neuroimaging studies have shown that cortical spreading depression (CSD), a
wave of neuronal depolarization associated with migraine aura, is influenced by hormonal changes, further
linking PMS to migraine pathophysiology (Pietrobon & Moskowitz, 2013). Estrogen’s effects on mitochondrial
function and oxidative stress also play a role in vascular health, potentially contributing to migraine
susceptibility during hormonal fluctuations (Finocchi & Sassos, 2012).

4.2 Inflammatory Mediators

Pro-inflammatory cytokines and prostaglandins are elevated during the luteal phase, contributing to both PMS
symptoms (e.g., bloating, breast tenderness) and migraine pathogenesis. These mediators can sensitize
nociceptive pathways, enhancing pain perception (Rapkin & Akopians, 2012).

Elevated levels of interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and C-reactive protein (CRP) have
been associated with increased severity of PMS and migraine attacks (Mateen et al., 2016). Hormonal
fluctuations, particularly the drop in estrogen, are known to trigger systemic inflammatory responses, which may
exacerbate both mood symptoms and headaches (Graziottin & Gambini, 2006). Furthermore, neuroinflammation
involving glial cell activation has been implicated in the pathogenesis of migraines and may also contribute to
PMS-related cognitive and emotional disturbances (Dodick, 2018). The interplay between estrogen,
inflammation, and vascular reactivity underscores the complex neuroimmune mechanisms underlying these
conditions. Anti-inflammatory treatments, such as NSAIDs, have shown efficacy in managing both PMS and
migraine symptoms, supporting the role of inflammation in their pathophysiology (Sances et al., 2004).

5. Comorbidity Between PMS and Migraine

Epidemiological studies show that individuals with PMS are more likely to experience migraines, and vice versa.
The comorbidity is associated with greater symptom severity, increased disability, and poorer quality of life
(Pavlović et al., 2015).

Women with both conditions often report more frequent and severe headaches, heightened mood disturbances,
and greater sensitivity to environmental triggers compared to those with either condition alone (Breslau et al.,
2003). This comorbidity suggests a potential genetic predisposition, as both PMS and migraines have been
linked to polymorphisms in genes regulating serotonin and estrogen metabolism (Martin et al., 2006). The
presence of comorbid anxiety and depression is also more common in individuals with both conditions,
suggesting shared neurobiological mechanisms (Fuh et al., 2007). Hormonal fluctuations can exacerbate both
mood disorders and migraines, indicating overlapping endocrine and neurological pathways (Bigal et al., 2008).
Additionally, both PMS and migraines have been associated with dysregulation of the hypothalamic-pituitary-
adrenal (HPA) axis, contributing to stress sensitivity and symptom chronicity (Kim et al., 2004). Understanding
the comorbidity between PMS and migraines is essential for developing integrated treatment strategies that
address the full spectrum of symptoms.
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6. Diagnostic Challenges and Considerations

Diagnosing PMS and migraines requires careful symptom tracking to establish the cyclical pattern and hormonal
correlation. Due to overlapping symptoms, distinguishing between primary mood disorders, chronic headaches,
and hormonally driven conditions can be challenging.

6.1 Symptom Diaries

Symptom diaries, such as the Daily Record of Severity of Problems (DRSP) and headache diaries, help identify
temporal associations between hormonal changes and symptom fluctuations (Yonkers et al., 2008). These tools
enable clinicians to differentiate between menstrual-related migraines and other headache types, such as tension-
type headaches or cluster headaches, which may have different triggers and treatment approaches.

Technological advancements have led to the development of mobile health applications that facilitate real-time
symptom tracking, improving diagnostic accuracy (Johannes et al., 2000). Additionally, incorporating hormonal
level assessments alongside symptom diaries can provide valuable insights into the hormonal triggers of both
PMS and migraines (Bigal et al., 2008). Patient-reported outcome measures (PROMs) are increasingly used in
clinical practice to assess the impact of symptoms on quality of life and guide personalized treatment plans (Kim
et al., 2004). Accurate documentation of symptoms over multiple menstrual cycles is crucial for differentiating
PMS from other mood or anxiety disorders.

6.2 Differential Diagnosis

Differential diagnosis is critical to avoid misclassification and ensure appropriate treatment. Conditions such as
thyroid disorders, polycystic ovary syndrome (PCOS), and endometriosis can mimic PMS symptoms, while
secondary headache disorders may present similarly to migraines.

Neuroimaging and hormonal assays may be necessary in complex cases to rule out underlying neurological or
endocrine disorders (Pavlović et al., 2015). Moreover, psychiatric evaluation can help differentiate between
PMS-related mood disturbances and primary mood disorders, which may require different therapeutic
approaches (Breslau et al., 2003). Early and accurate diagnosis not only improves patient outcomes but also
reduces the risk of chronicity and associated disability.

7. Therapeutic Approaches

7.1 Pharmacological Treatments

Pharmacological approaches to mitigating PMS-related migraines revolve around SSRIs, combined oral
contraceptives, triptans, NSAIDs, and other supportive agents (Pearlstein & Steiner, 2008). SSRIs can alleviate
mood symptoms by modulating serotonergic pathways, potentially leading to a decrease in migraine frequency
(Pearlstein & Steiner, 2008). Combined oral contraceptives effectively stabilize hormonal fluctuations, thereby
reducing PMS symptoms and menstrual migraines (Calhoun, 2012). Triptans, widely regarded as the first-line
therapy for acute migraines, show particular efficacy against menstrual migraine attacks (Bigal & Lipton, 2006).
Through the inhibition of prostaglandin synthesis, NSAIDs mitigate both PMS-induced discomfort and the
inflammatory components of migraine (Sances et al., 2004). Personalizing these interventions based on
individual symptom severity, comorbidities, and treatment response is a fundamental strategy for optimizing
outcomes (Nappi et al., 2013). Moreover, magnesium supplementation and the combination of hormonal with
non-hormonal pharmacotherapies can provide additional benefits by addressing neurotransmitter dysregulation
linked to both PMS and migraines (Genazzani et al., 2010; Sances et al., 2004).

7.2 Non-Pharmacological Interventions

Non-pharmacological interventions such as Cognitive Behavioral Therapy (CBT), lifestyle modifications, and
stress-reduction techniques play a pivotal role in reducing the impact of PMS and migraine. CBT employs
structured approaches to transform negative thought patterns and decrease anxiety, factors that exacerbate PMS
and migraine severity (Holroyd et al., 2010). Regular exercise bolsters endorphin release, helps regulate mood,
and may diminish the frequency of migraine episodes (Rains et al., 2005). Mindfulness meditation and relaxation
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training are valuable in modulating the autonomic nervous system, potentially lowering migraine intensity
(Freedman, 2014). Dietary modifications, including reduced caffeine and sodium intake, can address fluid
retention and mitigate common migraine triggers (MacGregor, 2015). Ensuring adequate sleep hygiene by
maintaining consistent sleep-wake times helps stabilize circadian rhythms that influence hormonal fluctuations
(ACOG, 2015). When combined with vitamin and mineral supplementation, these lifestyle strategies create a
synergistic effect, significantly improving outcomes for individuals suffering from both PMS and migraines
(Nappi et al., 2013; Rains et al., 2005).

8. Future Directions and Research Gaps

Future research into PMS-migraine comorbidity must focus on developing standardized diagnostic criteria that
can enhance consistency in both clinical practice and research (Charles, 2018). Reliable criteria would lead to
more precise patient stratification in clinical trials, thereby improving the validity of subsequent findings.
Advanced genomic and proteomic approaches could elucidate individualized risk factors and hormonal
mechanisms underlying these interrelated conditions (Genazzani et al., 2010). Pinpointing the specific
neurochemical and neuroinflammatory pathways common to PMS and migraines could open the door to novel,
targeted therapies (Nappi et al., 2013; Bigal & Lipton, 2006). Such advancements rely on effective collaboration
among specialists in neurology, gynecology, and psychiatry, ensuring a holistic understanding and management
of these disorders (Calhoun, 2012). Digital health tools and wearable devices further represent a promising
frontier for gathering real-time data on hormonal fluctuations and migraine triggers (Charles, 2018). Ultimately,
bridging the existing research gaps demands a concerted effort that addresses biological, psychological, and
lifestyle factors to improve patient care.

9. Conclusion

In conclusion, PMS and migraines share overlapping pathophysiological elements, including hormonal
imbalances, neurotransmitter dysregulation, and neurovascular changes, which collectively affect patient well-
being (Pearlstein & Steiner, 2008). Recognizing the synergy between these conditions is vital for formulating
comprehensive treatment plans that address both their somatic and psychological dimensions. Pharmacological
interventions such as SSRIs, triptans, and combined hormonal therapies can substantially alleviate the combined
symptom burden when carefully tailored to patient needs (Calhoun, 2012). Concurrently, non-pharmacological
approaches like CBT, regular exercise, and dietary modifications enhance resilience and reduce the impact of
PMS and migraine triggers (Holroyd et al., 2010). Ongoing research should prioritize refining diagnostic criteria
and identifying biomarkers that support a more individualized approach to management (Charles, 2018). Such
integrated and personalized care depends on collaboration across multiple disciplines to address the multifaceted
nature of PMS-related migraines. By combining evidence-based pharmacological and lifestyle interventions,
healthcare providers can significantly improve the quality of life for individuals affected by both PMS and
migraines (Rains et al., 2005).
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