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Abstract

The menopausal transition represents a critical neuroendocrine window during which fluctuating ovarian hormones significantly impact mood and cognition, yet
the underlying mechanisms and optimal management strategies remain informatively understood. This review synthesizes current evidence on the neuroendocrine
pathways-including hormonal fluctuations, receptor dynamics, and neurotransmitter alterations—that contribute to perimenopausal mood disorders and cognitive
decline. It further evaluates both hormonal and non-hormonal interventions, highlighting the need for integrated, personalized treatment approaches to address these
complex symptoms. Key topics include the role of estrogen and progesterone in modulating serotonergic and dopaminergic systems, the impact of hypothalamic-
pituitary-adrenal axis dysregulation, and structural and functional brain changes observed during perimenopause. The review also examines the efficacy of hormone
therapy, antidepressants, cognitive behavioral therapy, and complementary treatments such as acupuncture and herbal medicine. Clinical insights are drawn from
recent trials assessing transdermal estradiol, micronized progesterone, and traditional formulations, offering a comparative perspective on their benefits and
limitations. Additionally, the influence of genetic factors, lifestyle, and psychosocial stressors on symptom severity is discussed, emphasizing the heterogeneity of
perimenopausal experiences. The relationship between vasomotor symptoms, sleep disturbances, and cognitive impairment is explored, alongside emerging evidence
linking perimenopausal symptoms to long-term neurological risks. Future research should prioritize longitudinal studies to clarify the timing and duration of hormone
therapy for cognitive protection and explore the mechanisms of non-hormonal interventions. There is also a critical need to develop biomarker-guided, personalized
treatment frameworks that integrate biological, psychological, and social dimensions of perimenopausal health.
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Introduction

The impact of perimenopause on mood and cognition has
garnered significant scientific interest, primarily due to the profound
neuroendocrine changes that occur during this transitional period
[1-5]. The fluctuating levels of sex hormones, particularly estrogen
and progesterone, are central to understanding the neurobiological
mechanisms underlying mood disturbances and cognitive alterations
in perimenopausal women [6-10]. One of the key neuroendocrine
mechanisms involves the fluctuations of estrogen and progesterone
during the menopausal transition [11-15]. As documented in recent
reviews, these hormonal variations exert a profound influence on
the central nervous system, affecting mood regulation and cognitive
functions [16]. Estrogen, especially estradiol, plays a pivotal role
in modulating neurotransmitter systems, including serotonergic,
dopaminergic, and cholinergic pathways, which are integral to mood
stabilization and cognitive processes [17, 18]. The decline in estrogen
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levels of post-menopause is associated with increased vulnerability
to mood disorders such as depression and anxiety, highlighting the
hormone’s neuroprotective and neuromodulatory roles [16].

Further elucidating these mechanisms, neuroendocrine changes
during menopause include alterations in hypothalamic-pituitary-
adrenal axis activity, which can influence stress responses and mood
regulation [19-23]. The neuroendocrine system’s adaptation to
declining ovarian hormones may contribute to the onset of mood
disturbances, with hot flashes and sleep disruptions serving as both
symptoms and potential mediators of mood and cognitive impairment
[24, 25]. The neuroendocrine alterations are not only limited to
hormonal fluctuations but also involve changes in receptor density and
sensitivity within the brain, impacting neural plasticity and cognitive
resilience [26]. The relationship between estrogen and cognitive
function has been extensively studied, with evidence suggesting
that estrogen exerts neuroprotective effects that support memory,
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attention, and executive functions. Estrogen’s modulation of synaptic
plasticity and neurogenesis is believed to underpin these cognitive
benefits. Consequently, the decline in estrogen during perimenopause
correlates with reports of cognitive decline, including memory lapses
and decreased processing speed [27]. Systematic reviews and meta-
analyses have reinforced the notion that hormone therapy, particularly
estrogen-based regimens, can mitigate some of these cognitive deficits,
although results vary depending on timing, formulation, and individual
factors [26].

In addition to cognitive effects, mood disturbances during
perimenopause are closely linked to neuroendocrine dysregulation
[28-32]. The fluctuations in estrogen and progesterone influence
serotonergic pathways, which are critical in the pathophysiology
of depression [33-37]. Estrogen’s ability to enhance serotonergic
transmission and receptor sensitivity suggests that hormonal
fluctuations can precipitate or exacerbate depressive symptoms [31].
Moreover, stress-related mechanisms, including dysregulation of
the hypothalamic-pituitary-adrenal axis, further compound mood
disturbances, indicating a complex interplay between neuroendocrine
factors and psychological stressors [38].

Treatment strategies aimed at alleviating mood and cognitive
symptoms during perimenopause often involve hormone therapy,
which has shown promise in improving both domains [39-43].
Hormone therapy, typically involving estrogen with or without
progestogen, has been demonstrated to improve mood stability
and cognitive performance in menopausal women [27]. The
neuroprotective effects of estrogen are thought to be mediated through
multiple pathways, including antioxidant properties, modulation of
neurotrophic factors, and enhancement of synaptic connectivity [17].
However, the efficacy of hormone therapy is influenced by factors such
as timing of initiation, duration, and individual health status, with some
studies indicating potential risks that necessitate careful consideration
[44]. Beyond hormone therapy, non-pharmacological interventions
such as cognitive behavioral therapy and stress management
techniques have been explored to address mood and cognitive issues.
These approaches aim to mitigate the impact of neuroendocrine
dysregulation by reducing psychological stress, which can further
disrupt ovarian function and exacerbate neuropsychiatric symptoms
[38]. The integration of psychological and hormonal treatments may
offer a comprehensive approach to managing perimenopausal mood
and cognitive disturbances.

Overall, the neuroendocrine mechanisms underlying mood and
cognitive changes during perimenopause are complex and multifaceted.
Fluctuations in estrogen and progesterone levels significantly influence
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neurotransmitter systems, receptor sensitivities, and neural plasticity,
thereby affecting mood regulation and cognitive functions. Hormone
therapy remains a cornerstone of treatment, with evidence supporting
its benefits in mitigating neuropsychiatric symptoms, although
individual factors must be considered. Future research continues to
explore the nuanced interactions between neuroendocrine changes
and psychological factors, aiming to optimize therapeutic strategies for
women navigating this transitional phase.

Neuroendocrine Mechanisms

Perimenopausal depression is a significant concern, with
hormonal fluctuations triggering neuroinflammation and oxidative
stress, leading to neuronal damage (Table 1). This highlights the
need for targeted treatments that address these specific pathologies
[45]. The neuroendocrine system plays a crucial role in regulating
mood and cognition during perimenopause. A significant decline
in ovarian hormones, particularly 17p-estradiol, has been linked to
cognitive decline and mood disorders. Estradiol is known to influence
neurophysiological processes that support cognitive function, and
its reduction during perimenopause may contribute to the increased
prevalence of mood disorders and cognitive impairments in this
population [46]. Research indicates that up to 80% of perimenopausal
and postmenopausal women report neurological symptoms, including
mood changes and cognitive difficulties [46]. The interplay between
hormonal changes and neurobiological factors is complex, with
evidence suggesting that alterations in neurotransmitter systems,
particularly those involving serotonin and dopamine, may exacerbate
mood disturbances during this transition [47].

Estrogen influences cognitive functions through its action on
estrogen receptors in the brain [48-51]. Studies using advanced
neuroimaging techniques, such as 18F-fluoroestradiol positron
emission tomography, have shown that estrogen receptor density
increases during menopause, which may be a compensatory response
to declining estrogen levels. However, higher estrogen receptor density
is paradoxically associated with poor memory performance and
mood symptoms, suggesting a complex relationship between estrogen
signaling and cognitive outcomes [26, 52]. Cognitive complaints during
perimenopause, such as memory issues, are common, but objective
evidence of cognitive decline is inconclusive. Some studies suggest that
cognitive deficits are mild and transient, with within-person changes in
estradiol levels being positively associated with attention and memory
performance [53].

The decline in estrogen and progesterone during perimenopause
affects neurotransmitter systems, including serotonin, norepinephrine,

Table 1: Key neuroendocrine changes and their impact during perimenopause.

System/component Change during perimenopause
Estrogen Significant fluctuation and eventual decline
Progesterone Fluctuation and decline

Hypothalamic-pituitary-gonadal
axis loss of ovarian feedback

Hypothalamic-pituitary-adrenal

axis Often dysregulated, increased reactivity

Neurotransmitters (serotonin,
norepinephrine)

Neuroinflammation

KNDy neurons (hypothalamus)
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Increased follicle-stimulating hormone/luteinizing hormone due to

Altered synthesis, release, and receptor sensitivity
Increased glial cell activation, inflammatory markers

Altered signaling due to loss of estrogen feedback

Potential impact on mood and cognition

Reduced neuroprotection, altered serotonin/dopamine signaling, decreased
synaptic plasticity, leading to low mood and memory issues

Altered GABAergic function (affecting anxiety, sleep), loss of neuroprotective
effects

Menstrual irregularity: serves as a biomarker of transition, indirectly linked to
symptoms
Heightened stress response, increased cortisol, exacerbating anxiety and
depressive symptoms

Directly contributes to depression, anxiety, irritability, and impaired attention

This contributes to neuronal damage, brain fog, and may increase long-term
risk for neurodegeneration

Primarily drives vasomotor symptoms (hot flashes), which disrupt sleep and
secondarily impair cognition
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and dopamine, which are crucial for mood regulation. These hormonal
changes can lead to mood disturbances, such as depression and anxiety,
which are prevalent during this transition [28, 54]. Perimenopausal
symptoms like mood changes and brain fog have been linked to
later-life cognitive and behavioral symptoms, potentially increasing
dementia risk. Estrogen-based hormone therapy may mitigate some
of these symptoms, although its effectiveness varies [55]. Hormone
replacement therapy can help alleviate some cognitive and mood
symptoms by prolonging the neuroprotective effects of estrogens. It
has been shown to positively affect mood and cognitive efficiency by
modulating neurotransmitter systems and neural activity. However,
the benefits of hormone replacement therapy are not uniform across all
women, and its use should be carefully considered based on individual
health profiles [12]. The uncoupling of the estrogen receptor network
from the brain’s bioenergetic system during perimenopause can lead
to a hypometabolic state, contributing to neurological dysfunction and
potentially increasing the risk of neurodegenerative diseases [56, 57].
Estrogen’s role as a master regulator of brain metabolism underscores
its importance in maintaining cognitive and mood stability. The
perimenopausal transition represents a critical period where these
regulatory mechanisms are disrupted [56, 57].

The perimenopausal transition involves significant changes
in the hypothalamic-pituitary-gonadal axis, with fluctuating and
often elevated levels of follicle-stimulating hormone and luteinizing
hormone due to decreased ovarian sensitivity and feedback inhibition
from estradiol and inhibin B [58, 59]. These hormonal changes are
associated with menstrual irregularities and can lead to increased bone
turnover and alterations in lipid profiles, impacting overall health
[58]. The perimenopausal period is marked by changes in monoamine
neurotransmitter systems, including serotonin and norepinephrine,
which are crucial for mood regulation and cognitive function. These
changes may contribute to the increased incidence of perimenopausal
depression [28]. Alterations in the function of GABAergic and opioid
systems in the central nervous system are also observed, potentially
leading to mood and cognitive dysfunctions during this transition
[59]. Glial cell-induced neuroinflammation is another aspect of the
neuroendocrine changes during perimenopause. This inflammation
can exacerbate neurological symptoms and may increase the risk of
neurodegenerative diseases later in life [28]. The perimenopausal
transition is considered a critical period for the emergence of
neurological diseases, with some women experiencing increased
amyloid-beta deposition, a risk factor for Alzheimer’s disease,
particularly in those carrying the APOE-4 genotype [60].

Genetic polymorphisms in estrogen receptor genes, such as
ESR1 and ESR2, influence the variability in menopausal symptoms
among women. These polymorphisms modulate the effects of
fluctuating estradiol levels, impacting symptom trajectories during
perimenopause [61]. Perimenopause is associated with significant
changes in brain structure, connectivity, and energy metabolism.
These changes are specific to menopausal endocrine aging and
involve brain regions responsible for higher-order cognitive processes
[60]. The hypothalamus, a critical brain region for neuroendocrine
regulation, undergoes transcriptomic changes during perimenopause.
These include alterations in inflammatory pathways and kisspeptin/
neurokinin B/dynorphin (KNDy) neuron signaling, which are crucial
for thermoregulation and reproductive hormone regulation [62]. The
perimenopausal transition is marked by increased neuroinflammation,
primarily due to estrogen depletion. This inflammation is linked
to the activation of glial cells and altered KNDy neuron activity,
which can exacerbate neurological symptoms and increase the risk

J Womens Health Care Manage, Volume 7:1

Citation: Graham A, Alekhya K, Devarakonda A, Antil J (2026) The Impact of Perimenopause on Mood and Cognition: A Review of Neuroendocrine
Mechanisms and Treatment Strategies. ] Womens Health Care Manage, Volume 7:1. 171. DOI: https://doi.org/10.47275/2692-0948-171

of neurodegenerative diseases like Alzheimer’s disease [59, 63]. The
loss of ovarian steroid feedback during perimenopause significantly
impacts the activity of KNDy circuits in the hypothalamus, which
are essential for regulating reproductive hormones and maintaining
neuroendocrine homeostasis [63].

While the decline in estrogen is a central factor in perimenopausal
mood and cognitive changes, other factors such as social stressors,
lifestyle, and individual health conditions also play a role. The
interaction between the hypothalamic-pituitary-adrenal axis and
the hypothalamic-pituitary-gonadal axis, as well as epigenetic
changes, contribute to the complexity of perimenopausal depression
and cognitive issues. Additionally, the brain’s ability to produce
neurosteroids independently suggests alternative pathways for
addressing mood and cognitive changes during menopause. These
insights highlight the need for personalized approaches in managing
perimenopausal symptoms, considering both hormonal and non-
hormonal factors.

Cognitive Impairments in Perimenopause

Cognitive problems are prevalent during perimenopause, with
studies indicating that verbal learning and memory are particularly
affected. Recent findings suggest that deficits in processing speed,
attention, and working memory may also emerge during this period. The
heterogeneity of cognitive profiles among women in perimenopause
indicates that while some may experience significant cognitive decline,
others may retain cognitive strengths. Factors such as depression, sleep
disturbances, and vasomotor symptoms have been associated with
cognitive difficulties during perimenopause. Neuroimaging studies
have begun to identify changes in brain activity patterns that correlate
with cognitive performance, highlighting the need for further research
to elucidate the underlying neural mechanisms [43].

Nearly two-thirds of women report subjective cognitive difficulties,
including memory problems and attention deficits, during the
menopausal transition. These symptoms are often referred to as ‘brain
fog’ and can include issues with language and executive function [64,
65]. Mood changes, such as increased anxiety and depression, are
common during perimenopause and are associated with cognitive
decline. These symptoms can exacerbate cognitive difficulties and
are linked to the risk of dementia [55]. Hot flashes and night sweats,
common vasomotor symptoms, can disrupt sleep and contribute to
cognitive difficulties by affecting attention and memory [53, 64]. The
decline in estrogen levels during perimenopause is a primary factor
affecting cognitive function. Estrogen has a neuroprotective role, and
its reduction can lead to cognitive and mood symptoms. Hormone
replacement therapy has been suggested as a potential intervention to
mitigate these effects [52].

Neuroimaging studies have shown that estrogen receptor
density in the brain increases during menopause, which may be a
compensatory response to declining estrogen levels. This increase
is associated with poor memory performance and mood symptoms
[52]. Perimenopause is characterized as a neurological transition
state, where the uncoupling of the estrogen receptor network from
the brain’s bioenergetic system can lead to a hypometabolic state. This
state is associated with neurological dysfunction and may increase the
risk of neurodegenerative diseases [56, 57]. Differentiating between
cognitive decline due to perimenopause and other conditions like adult
attention deficit hyperactivity disorder (ADHD) is crucial for effective
management. Neuropsychological assessments and screening tools
can help in distinguishing these conditions [65]. The perimenopausal
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transition may offer a window of opportunity for interventions aimed
at preventing age-related neurological diseases. Understanding the role
of estrogen and its receptors in brain metabolism is key to developing
such interventions [57].

Memory issues are one of the most commonly reported cognitive
symptoms during perimenopause, with many women experiencing
forgetfulness and difficulty recalling information [64]. Studies have
shown that these memory problems are not solely due to aging but
are linked to hormonal changes during the menopausal transition.
The prevalence of memory complaints peaks during the menopausal
transition, with a significant number of women reporting severe
memory issues [66]. Attention deficits, including difficulties in
maintaining focus and processing information, are also prevalent
during perimenopause [64]. These deficits can affect daily tasks that
require sustained concentration, such as work-related activities
and managing household responsibilities [67]. Some women report
language-related issues, such as finding the right words or following
conversations, which can be frustrating and impact communication
[64]. These difficulties are often transient but can be distressing and affect
social interactions and professional communication [68]. Cognitive
symptoms during perimenopause can lead to decreased productivity
at work and challenges in managing daily tasks at home [55, 69]. The
combination of cognitive and other menopausal symptoms, such as
mood swings and sleep disturbances, can exacerbate the impact on
daily life, leading to increased stress and reduced quality of life [70, 71].

The CAN-PROTECT study by Crockford et al. [55] investigated
the relationship between perimenopausal symptoms and later-
life cognitive and behavioral changes, revealing several significant
associations. Brain fog, weight changes, and mood changes, these
perimenopausal symptoms were significantly associated with poorer
subjective cognitive function, as measured by the everyday cognition
(ECog-II) scale. Specifically, brain fog (b = 74.8, 95% confidence
interval (CI) [47.2, 108.0], p < 0.001), weight changes (b = 24.4, 95%
CI [8.9, 42.2], p = 0.001), and mood changes (b = 36.2, 95% CI [17.3,
58.3], p < 0.001) all predicted higher (worse) ECog-II scores. The use
of either estrogen-based or non-estrogen-based menopausal hormone
therapy during menopause was not found to be significantly associated
with current ECog-1I scores. Weight changes (b = 24.4, 95% CI [2.4,
51.1], p = 0.03) and mood symptoms (b = 68.4%, 95% CI [36.3, 108.1],
p <0.001) experienced during perimenopause were significantly linked
to poorer current scores on the mild behavioral impairment checklist
(MBI-C), indicating more emergent and persistent neuropsychiatric
symptoms. MBI-C scores varied depending on the type of menopausal
hormone therapy used. Estrogen-based menopausal hormone therapy
was associated with a statistically significant 26.9% lower MBI-C
score (95% CI [-43.3, =5.7], p = 0.02), suggesting a mitigating effect.
In contrast, non-estrogen-based menopausal hormone therapy did
not show a significant difference in MBI-C scores (b = -19.1, 95% CI
[-44.6, 18.1], p = 0.3). In summary, the study indicates that certain
perimenopausal symptoms, particularly brain fog, weight changes, and
mood changes, may predict a greater risk for cognitive and behavioral
decline later in life. Furthermore, estrogen-based menopausal hormone
therapy appears to potentially mitigate the relationship between
perimenopausal symptoms and neuropsychiatric symptoms, though
longitudinal research is needed to explore the underlying mechanisms.

A study by Hayashi et al. [66], conducted as a cross-sectional
analysis of the Japan Nurses’ Health Study, provides several key
findings regarding complaints of reduced cognitive functioning
during perimenopause. Out of 15,019 participants, 12,507 responded
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to the 4-year survey, resulting in an 83.3% response rate. The mean
age of respondents at the time of the 4-year survey was 46.5 years,
with a range of 27 to 82 years. Approximately 38.2% of the women
in the study population were within the menopausal transition age
range (45 to 54 years). The subjective complaint of ‘poor memory or
forgetfulness’ showed its highest prevalence (81.7%) in the 50 to 54
age group. This included 27.9% reporting severe complaints and 53.8%
reporting slight complaints. After 55 years of age, the prevalence of
these complaints gradually decreased. ‘Poor memory or forgetfulness’
was identified as the most common complaint among the 21-item
subjective symptoms for women aged 50 to 54 years. For women aged
45 to 54 years, principal component analysis identified six factors
accounting for 56.4% of the common variance among the 21 subjective
symptoms. ‘Poor memory or forgetfulness’ primarily belonged to the
somatic symptoms group (factor 2) and was also closely associated with
the psychological symptoms group (factor 1). Multivariable modified
Poisson regression analysis revealed that severe complaints of reduced
cognitive functioning were significantly associated with uncertain or
postmenopausal status, shorter sleeping hours (less than 5 h or 5 to less
than 6 h), night-shift work, and severe vasomotor symptoms. Severe
complaints of reduced cognitive functioning were significantly linked
to severe vasomotor symptoms, hot flashes, and sweats. Specifically, the
adjusted prevalence ratio was 1.77 for hot flashes and 1.67 for sweats,
indicating a higher likelihood of cognitive complaints in their presence.
In summary, the study highlights that ‘poor memory or forgetfulness’
is a highly prevalent complaint during the perimenopausal transition,
peaking in the early 50 s. It is closely linked to both somatic and
psychological symptoms, and its severity is significantly associated with
menopausal status, sleep patterns, night-shift work, and vasomotor
symptoms.

While the cognitive symptoms associated with perimenopause are
well-documented, the exact mechanisms remain partially understood.
The interplay between hormonal changes and cognitive function
is complex, and further research is needed to fully elucidate these
relationships. Additionally, while hormone replacement therapy shows
promise, its long-term effects and efficacy require more investigation.
Understanding these dynamics is crucial for developing effective
strategies to support cognitive health in perimenopausal women.

Treatment Strategies

Given the impact of perimenopause on mood and cognition,
various treatment strategies have been explored (Table 2). Hormone
therapy has been a traditional approach, but current guidelines from
the North American Menopause Society do not support its use for
cognitive problems due to insufficient evidence [43]. However, some
animal studies suggest that combined hormone treatments may alleviate
working memory issues [43]. Non-pharmacological interventions,
such as mindfulness and cognitive training, have gained attention for
their potential to improve mood and cognitive function in women
experiencing mild cognitive impairment [72]. These approaches may
offer safe and feasible options, particularly in populations where
pharmacological treatments are contraindicated or poorly tolerated.
Acupuncture has also emerged as a promising treatment for comorbid
depression and insomnia during perimenopause, with studies
indicating its efficacy in alleviating symptoms with minimal adverse
effects [73]. The mechanisms by which acupuncture exerts its effects
may involve neuroendocrine modulation, suggesting a multifaceted
approach to treatment [73].
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Table 2: Overview of treatment strategies for perimenopausal mood and cognitive symptoms.

Intervention category Examples

Hormone therapy Transdermal estradiol, OMP4

Non-hormonal
pharmacotherapy

Psychological interventions Cognitive behavioral therapy and mindfulness

Lifestyle modifications

Complementary and alternative| Acupuncture, black cohosh, remifemin®, Chinese herbal formulas

medicine (e.g., Huanglian Wendan Tang)

Lifestyle modifications

. Diet and exercise: A balanced diet and regular physical
activity are crucial in managing perimenopausal symptoms. These
lifestyle changes can help control weight, reduce cardiovascular and
bone health risks, and improve overall well-being. However, achieving
permanent dietary changes can be challenging, and evidence on their
long-term benefits is still emerging [74].

. Sleep hygiene: Educating women about good sleep practices
is essential, as poor sleep quality is common during perimenopause.
Addressing primary sleep disorders and vasomotor symptoms can
significantly improve sleep quality [75].

Hormonal therapies

. Menopausal hormone therapy: Menopausal hormone
therapy is the most effective treatment for vasomotor symptoms and
can be safely initiated in women without contraindications. It involves
estrogen-progestogen therapy or estrogen alone for women who have
had a hysterectomy [76]. Hormonal contraceptives also offer non-
contraceptive benefits, such as relief from vasomotor symptoms and
mood stabilization [77].

. Progesterone therapy: Oral micronized progesterone
(OMP4) is a physiological therapy that can alleviate vasomotor
symptoms, improve sleep, and treat menorrhagia. It is particularly
beneficial for women with higher estradiol and lower progesterone
levels [78].

Non-hormonal therapies

. Antidepressants and psychotherapy: Antidepressants and
cognitivebehavioral therapyarefirst-line treatments for perimenopausal
depression. Hormone therapy may also have antidepressant effects,
particularly in women with vasomotor symptoms [79].

. Alternative therapies: Non-hormonal prescription therapies,
such as gabapentinoids and clonidine, can offer relief from hot flashes.
However, the effectiveness of natural health products like isoflavones
and black cohosh remains inconclusive [76].

Psychological and cognitive interventions

. Cognitive behavioral therapy: Cognitive behavioral therapy
has shown positive effects on vasomotor symptoms and can be an
effective non-pharmacological treatment option [76].

. Cognitive health: Lifestyle modifications, including increased
aerobic exercise and a diet rich in vegetables, can help reduce the risk of
cognitive decline during perimenopause [75].

While these strategies provide a comprehensive approach to
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Selective serotonin reuptake inhibitors/serotonin-norepinephrine
reuptake inhibitors (e.g., escitalopram), gabapentinoids

Regular aerobic exercise, balanced diet, sleep hygiene

Primary indication and notes

First-line for vasomotor symptoms; can improve mood and sleep, which may
secondarily help cognition. Timing is critical (window of opportunity hypothesis)

First-line for depression/anxiety; also effective for vasomotor symptoms.
Alternative for women who cannot use hormone therapy

Effective for low mood, anxiety, and coping with vasomotor symptoms/sleep
issues. Low risk, high patient acceptance

Foundation of management. Improves overall well-being, reduces cardiovascular/
bone risk, can mitigate symptoms

Mixed evidence: some show promise for mood, anxiety, and vasomotor symptoms
in clinical studies. Safety and standardization can be concerns

managing perimenopausal symptoms, it is important to consider
individual patient preferences and medical histories. Some women
may choose not to pursue treatment, and healthcare providers should
respect these decisions while offering support and information.
Additionally, cultural and traditional therapies may be integrated into
treatment plans, ensuring cultural sensitivity and safety [76].

Clinical Studies

Perimenopause is a transitional phase around menopause
characterized by various physical and psychological symptoms.
Treatment strategies for perimenopause aim to optimize women’s
health during this period, but clinical trial data are limited, making it
challenging to establish evidence-based treatment standards. The North
American Menopause Society has developed consensus opinions to
guide clinicians in managing perimenopausal symptoms, emphasizing
individualized care and the inclusion of women in decision-making
processes. Various treatment strategies, including hormonal therapies,
herbal remedies, and lifestyle modifications, have been explored to
address the diverse symptoms associated with perimenopause.

A study by Gao et al. [80] investigating the effectiveness of modified
Huanglian Wendan Tang for treating perimenopausal emotional
disorders yielded several key results. The treatment group, which
received modified Huanglian Wendan Tang, showed a significantly
higher total effective rate compared to the control group, which was
treated with Shugan Jieyu capsule. This difference was statistically
significant (p < 0.05). Both the treatment group and the control group
experienced significant decreases in their Hamilton depression scale
(HAMD-17) scores after treatment. Similarly, both groups also saw
significant reductions in their Hamilton anxiety scale scores post-
treatment. Crucially, the HAMD-17 and Hamilton anxiety scale scores
in the treatment group were significantly lower than those in the
control group after treatment, indicating a superior improvement in
depression and anxiety symptoms with modified Huanglian Wendan
Tang (p < 0.05). In summary, the results suggest that modified
Huanglian Wendan Tang is more effective than Shugan Jieyu capsule
in improving clinical efficacy and reducing symptoms of depression
and anxiety in patients with perimenopausal emotional disorders.

The primary aim of a study by Wang et al. [81] was to determine
whether Guilu Erxian Jiao helps relieve perimenopausal syndrome,
especially given that many women in Taiwan prefer Guilu Erxian
Jiao over hormonal replacement therapy for these symptoms.
Perimenopausal women experiencing symptoms were divided into
three groups: (i) high-dose Guilu Erxian Jiao: 200 mg per day, (ii)
low-dose Guilu Erxian Jiao: 100 mg per day, and (iii) placebo: Guilu
Erxian Jiao-free starch powder. All treatments were administered in
the same capsule form, one capsule per day, for a duration of two
months. Serum estradiol and follicle-stimulating hormone levels were
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tested at pre-treatment, 1-month post-treatment, and 2-month post-
treatment. Clinical symptoms were assessed using a questionnaire
before and after two months of treatment. After two months, serum
estradiol levels significantly increased in the high-dose Guilu Erxian
Jiao group (200 mg/day). High-dose Guilu Erxian Jiao elevated serum
estradiol levels more than the low dose. No significant differences in
serum follicle-stimulating hormone levels were observed among the
groups after Guilu Erxian Jiao treatment. Improvements in clinical
symptoms were noted in both the high-dose and low-dose Guilu
Erxian Jiao groups. However, a significant amelioration of clinical
symptoms, particularly for hectic sweats and palpitation, was observed
in the low-dose group (100 mg/day) compared to the high-dose group.
The study concluded that Guilu Erxian Jiao is effective for relieving
perimenopausal syndrome. Despite the high-dose elevating estradiol
more, the low-dose showed better improvement in specific clinical
symptoms, indicating that Guilu Erxian Jiao is beneficial for treating
perimenopausal syndrome

A study by Jie and Chunquan [82] investigated the clinical efficacy
and safety of remifemin in treating perimenopause syndrome, yielding
several significant results. Three months after remifemin treatment,
symptoms of perimenopause syndrome were significantly relieved.
Specifically, sweat, hot flashes, and sleep disorders disappeared in some
patients. The clinical total effective rate reached 92.3%. Clinical trials
demonstrated that scores for both Kupperman menopausal index and
the menopause rating scale and (likely symptom assessment scales)
showed great statistical significance when compared to the control group
and to the values before treatment (p < 0.001). In the therapy group,
the levels of female serum follicle-stimulating hormone, luteinizing
hormone, and estradiol after treatment showed no significant changes
compared to pre-treatment levels (p > 0.05). Fasting blood glucose
levels also showed no significant changes after treatment compared
to before treatment (p > 0.05). Lipid metabolism levels exhibited
significant changes after treatment (p < 0.05). Specifically, triglyceride,
total cholesterol, and low-density lipoprotein levels decreased, while
high-density lipoprotein levels increased (p < 0.05 for all). Liver and
kidney function, as well as endometrial thickness, showed no significant
variance before and after treatment. Atypical hyperplasia and
malignant cells were not detected in cervical smears both before and
after treatment. The study reported a low incidence of side effects. Six
patients experienced stomach upset, four felt breast tenderness (which
disappeared without discontinuing remifemin), and only one patient
reported a slight headache. No serious adverse effects such as abnormal
vaginal bleeding, bellyache, edema, or breast nodules were observed. In
summary, the study concluded that remifemin demonstrates significant
clinical curative effects in improving perimenopausal symptoms, with
a high safety profile and low incidence of side effects, making it well-
accepted by patients.

The primary objective of a study by Lingzhi [83] was to investigate
the effect and safety of hormone replacement therapy in patients
diagnosed with perimenopausal syndrome. A total of 112 patients
with perimenopausal syndrome from Jiaozuo Second People’s
Hospital (China) were included in the study. Patients were randomly
divided into two groups, A and B, with 56 cases in each group. Group
A received oryzanol tablets (30 mg per dose, three times a day) and
group B received hormone replacement therapy. Clinical efficacy was
assessed using Kupperman scores. Various parameters were recorded
both before and after treatment, including Kupperman scores, follicle-
stimulating hormone, estradiol, corpus luteum surviving levels, and
endometrial thickness. Adverse reactions were also monitored in both
groups. After treatment, both groups showed significant reductions in
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Kupperman scores, follicle-stimulating hormone, and corpus luteum
surviving levels (all p < 0.05). Conversely, estradiol and endometrial
thickness significantly increased in both groups after treatment (all
p < 0.05). Group B (hormone replacement therapy) demonstrated
significantly lower Kupperman scores, follicle-stimulating hormone,
and corpus luteum surviving levels compared to group A (oryzanol
tablets) (all p < 0.05). Additionally, estradiol and endometrial thickness
were significantly higher in group B than in group A (all p < 0.10). No
obvious adverse drug reactions were observed in any of the patients
after treatment. The study concluded that hormone replacement
therapy is both effective and safe for patients with perimenopausal
syndrome. It can effectively alleviate clinical symptoms and improve
the quality of life for these patients. This study highlights the beneficial
role of hormone replacement therapy in managing perimenopausal
syndrome, showing superior efficacy compared to oryzanol tablets
while maintaining a good safety profile.

A study by Cao et al. [84] aimed to evaluate the effectiveness
of Chinese herbal medicine granules combined with traditional
Chinese medicine-based psychotherapy (TBP) for perimenopausal
depression. A multicenter, randomized, placebo-controlled clinical
trial. Conducted in nine hospitals in China between August 2015
and June 2017. Included 307 women diagnosed with perimenopausal
depression. Participants were randomly assigned to two groups: (i)
Bushen Tiaogan formula plus TBP (n = 156) and (ii) placebo plus TBP
(n = 151). All participants received 8 weeks of treatment and were
followed up for an additional 4 weeks. Scores on the Greene climacteric
scale (GCS), self-rating depression scale (SDS), and self-rating anxiety
scale (SAS). Serum levels of sex hormones and lipids, as well as
adverse events. The Bushen Tiaogan formula-plus-TBP group showed
significantly lower average GCS, SDS, and SAS scores after treatment
compared to the placebo-plus-TBP group, with the greatest differences
observed at the end of the 12 week (all p < 0.001). GCS scores 10.8
(Bushen Tiaogan formula + TBP) vs 18.5 (placebo + TBP). SDS scores,
30.7 (Bushen Tiaogan formula + TBP) vs 45.4 (placebo + TBP). SAS
scores, 28.6 (Bushen Tiaogan formula + TBP) vs 42.6 (placebo +
TBP). Bushen Tiaogan formula + TBP significantly reduced basal
follicle-stimulating hormone levels (p = 0.045) and triglycerides (p =
0.039), while increasing high-density lipoprotein cholesterol levels (p
<0.001) compared to placebo treatments with TBP. No serious adverse
events were reported, and safety indices (complete blood counts,
renal function, and liver function) remained within normal ranges
before and after treatments. The study concluded that treatment with
the Bushen Tiaogan formula combined with TBP was more effective
than TBP alone in improving perimenopausal depression symptoms,
sexual hormone levels, and blood lipid conditions in women with mild
perimenopausal depression.

A study by Zhou et al. [85] investigated the relationship
between hormone levels, quality of life, and depression symptoms in
perimenopausal women, as well as the effects of electroacupuncture.
It compared electroacupuncture with escitalopram as interventions.
A total of 242 participants with mild to moderate perimenopausal
depression were enrolled from six hospitals in China. Each participant
underwent a 12-week intervention period followed by a 12-week
follow-up period. Primary outcome, the HAMD-17. Secondary
outcomes, the menopause-specific quality of life scale (MENQOL),
and serum levels of follicle-stimulating hormone, luteinizing hormone,
and estrogen. The structural equation model revealed that hormone
levels were not directly associated with HAMD-17 scores (p = 0.852).
MENQOL was statistically correlated with HAMD-17 and acted as an
intermediary variable (p <0.001). Electroacupuncture progressively
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showed positive impacts on both MENQOL and HAMD-17 during
the follow-up period (p <0.05) (Figure 1). Cognitive impairment was
identified as the dominant dimension of perimenopausal depression.
The study concluded that hormonal shock might indirectly lead to
perimenopausal depression by affecting clinical symptoms and poor
quality of life, which in turn induces cognitive impairment. This impact
on cognition is considered embodied. Electroacupuncture was found
to have a positive effect on perimenopausal depression and overall
quality of life.

A study by Gordon et al. [86] investigated the efficacy of
transdermal estradiol plus intermittent micronized progesterone
(TE+IMP) in preventing depressive symptoms during the menopause
transition. The study included 172 participants, with 130 (76%) being
white and 70 (19%) African American. The mean age of participants
was 51 years, and the average household income ranged from 50,000
to 79,999. At baseline, women randomized to TE+IMP and placebo
groups did not significantly differ in demographic or psychosocial
variables. By visit 12, the reproductive stage distribution in the placebo
group was 17% early perimenopausal, 49% late perimenopausal, and
32% early postmenopausal. Overall, 25% of participants (43 out of
172) developed clinically significant depressive symptoms (CES-D
score of at least 16) at least once during the study. Women assigned
to the placebo group were significantly more likely to develop CES-D
score (216) at least once during the intervention phase compared to
those receiving TE+IMP. Specifically, 32.3% of the placebo group
reached this threshold versus 17.3% of the TE+IMP group, with an
odds ratio of 2.5 (95% CI, 1.1 to 5.7; p = 0.03). The placebo group also
exhibited a significantly higher mean CES-D score across the 12-month
intervention period (p=0.03). TE+IMP was associated with a decrease in

CES-D scores compared to placebo, and this effect remained significant
even after removing outliers. The beneficial mood effects of TE+IMP
were significantly moderated by baseline reproductive stage. Benefits
were evident among women in the early menopause transition (f, —4.2;
standard error of the mean (SEM), 1.2; p <0.001). No significant mood
benefits were observed for women in the late menopause transition (B,
-0.9; SEM, 0.3; p = 0.23) or among postmenopausal women (3, —0.3;
SEM, 1.1; p = 0.92). Stressful life events experienced in the 6 months
prior to enrollment also moderate the treatment effect (Figure 2).
The mood benefits of TE+IMP increased with a greater number of
stressful life events (B, 1.22; SEM, 0.40; p = 0.003). For women with two
or more stressful life events, TE+IMP was associated with one fewer
instance of CES-D compared to placebo. Baseline estradiol levels,
baseline vasomotor symptoms, history of depression, and history of
abuse were not found to significantly moderate the effects of TE+IMP
on depressive symptoms. Adverse effects such as spotting, mild or
moderate bleeding, heavy bleeding, and prolonged bleeding were more
commonly reported by participants in the TE+IMP group compared to
the placebo group. The treatment groups did not differ in the reporting
of other adverse effects like breast tenderness, bloating, headache, or
weight gain. Three severe adverse events led to study termination: two
cases of major depressive disorder in the placebo group and one case
of acute deep vein thrombosis in the TE+IMP group. In summary, the
study demonstrates that 12 months of TE+IMP effectively prevented
the development of CES-D in initially euthymic perimenopausal and
early postmenopausal women, particularly benefiting those in early
menopause transition and those with a higher number of recent
stressful life events. While some adverse effects like bleeding were more
common with TE+IMP, the overall findings support its prophylactic
use for mood symptoms in this population.
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Figure 1: (a) Correlation analysis, a significant positive correlation was found between the hormone levels (follicle-stimulating hormone and luteinizing hormone) and the severity of
MENQOL. Furthermore, a higher MENQOL score was positively correlated with a higher score on the depression scale (HAMD). (b) Conceptual framework, (b1) Hormonal factors
(follicle-stimulating hormone, luteinizing hormone, estrogen, and overall hormonal fluctuation) are the primary drivers of the various symptoms experienced during perimenopause, (b2)
These clinical symptoms collectively impact the patient’s overall quality of life, and (b3) This decline in quality of life is associated with depression, with cognitive impairment being a
particularly prominent feature of the depressive symptoms. (¢) Structural equation model, a mediation model was constructed where ‘hormones’ (a latent variable indicated by follicle-
stimulating hormone and luteinizing hormone) directly influence the mediator variable ‘MENQOL’ (representing symptoms and quality of life). MENQOL, in turn, has a direct effect on
‘HAMD-17’ (depression). This confirms that the effect of hormones on depression is indirectly mediated through the patient's experience of symptoms and quality of life [85].
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Figure 2: The model-based analysis revealed that the effect of the treatment (TE+IMP) on depression scores (CES-D) was dependent on the number of stressful life events. A statistically
significant reduction in depression scores was observed specifically in the (a) high-stress group (55 women; p = 0.005). In contrast, the treatment did not produce a significant effect for
women with (b) moderate (46 women; p = 0.70) or (c) low levels of stress (72 women; p = 0.53) [86].

While these studies provide valuable insights into the treatment
of perimenopausal syndrome, they also highlight the need for
further research to establish evidence-based guidelines. The diversity
of treatment options reflects the complexity of perimenopausal
symptoms and the necessity for personalized care. Additionally, the
potential for non-hormonal treatments to offer relief with fewer side
effects presents an attractive alternative for many women. However,
the choice of treatment should be guided by individual patient needs,
preferences, and risk factors, ensuring a holistic approach to managing
this transitional phase.

J Womens Health Care Manage, Volume 7:1

Conclusion

The literature collectively underscores the significant impact
of hormonal fluctuations during perimenopause on mood and
cognitive function, with neuroendocrine mechanisms playing a
central role. Estrogen and progesterone level variations critically
influence neurobiological pathways involving neurotransmitters such
as serotonin, dopamine, as well as neurosteroidogenesis processes,
which together modulate mood regulation and cognitive performance.
Estrogen receptor subtypes, notably estrogen receptor-a and estrogen
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receptor-(3, demonstrate differential effects on neural circuits implicated
in affective and cognitive domains, with emerging evidence indicating
receptor density changes during neuroendocrine aging that may reflect
compensatory or pathological adaptations. Moreover, dysregulation
of the hypothalamic-pituitary-adrenal axis interacts with ovarian
hormone fluctuations, amplifying vulnerability to stress and depressive
symptoms, especially in women with histories of psychosocial stress or
early life trauma. These complex interactions highlight the necessity
of integrating biological and psychosocial factors in understanding
perimenopausal mood disorders.

Regarding treatment strategies, hormone replacement therapy,
particularly transdermal estrogen formulations, appears effective in
alleviating depressive symptoms and improving sleep quality for many
women during perimenopause. However, the long-term cognitive
benefits of hormone therapy remain inconclusive, and concerns about
safety, including risks of thrombosis and stroke, necessitate cautious,
individualized clinical decision-making. Selective estrogen receptor
modulators present promising alternatives with potentially favorable
side effect profiles but require more rigorous clinical evaluation.
Psychosocial interventions such as cognitive behavioral therapy
and mindfulness-based approaches have demonstrated efficacy in
improving mood and cognitive complaints, yet their integration into
routine care is limited, highlighting a critical gap in service provision
and multidisciplinary management. The heterogeneity of clinical
presentations and symptoms overlap with menopausal vasomotor and
sleep disturbances complicate diagnosis and treatment, underscoring
the need for validated screening tools and personalized therapeutic
approaches.

In conclusion, the literature advocates for a biopsychosocial
model that considers hormonal sensitivity, receptor dynamics, and
psychosocial stressors to tailor interventions effectively. Advances in
neuroimaging and neurochemical studies provide promising avenues
for biomarker development to guide treatment selection. Nevertheless,
substantial gaps remain in longitudinal research, mechanistic clarity
of receptor subtype functions, and the development of integrated care
models that combine hormone therapy with psychosocial support.
Addressing these limitations is essential to optimize outcomes for
women experiencing mood and cognitive disturbances during
perimenopause.

Acknowledgments

None.

Conflict of Interest
None.

References

1. Barth C, Villringer A, Sacher J (2015) Sex hormones affect neurotransmitters and
shape the adult female brain during hormonal transition periods. Front Neurosci 9:
1-20. https://doi.org/10.3389/fnins.2015.00037

2. Shifren JL, Gass ML, NAMS Recommendations for Clinical Care of Midlife Women
Working Group (2014) The North American Menopause Society recommendations for
clinical care of midlife women. Menopause 21: 1038-1062. https://doi.org/10.1097/
gme.0000000000000319

3. Zhu A, Song S, Pei L, Huang Y (2024) Supportive care of female hormones in
brain health: what and how?. Front Pharmacol 15: 1-17. https://doi.org/10.3389/
fphar.2024.1403969

4. Ancelin ML, Ritchie K (2005)
related cognitive disorders. Curr
org/10.2174/138161205774913228

Lifelong endocrine fluctuations and
Pharm Des 11: 4229-4252. https://doi.

J Womens Health Care Manage, Volume 7:1

20.

21.

22.

23.

24.

Citation: Graham A, Alekhya K, Devarakonda A, Antil J (2026) The Impact of Perimenopause on Mood and Cognition: A Review of Neuroendocrine
Mechanisms and Treatment Strategies. ] Womens Health Care Manage, Volume 7:1. 171. DOI: https://doi.org/10.47275/2692-0948-171

Barth C, Crestol A, de Lange AMG, Galea LA (2023) Sex steroids and the female brain
across the lifespan: insights into risk of depression and Alzheimer’s disease. Lancet
Diabetes Endocrinol 11: 926-941. https://doi.org/10.1016/s2213-8587(23)00224-3

Saraswat N, Wal P, Pal RS, Wal A, Pal Y, et al. (2021) A detailed biological
approach on hormonal imbalance causing depression in critical periods (postpartum,
postmenopausal and perimenopausal depression) in adult women. Open Biol J 9: 17-
35. https://doi.org/10.2174/1874196702109010017

Schiller CE, Johnson SL, Abate AC, Schmidt PJ, Rubinow DR (2016) Reproductive
steroid regulation of mood and behavior. Compr Physiol 6: 1135-1160. https:/doi.
org/10.1002/cphy.c150014

Sundstrom Poromaa IS, Gingnell M (2014) Menstrual cycle influence on cognitive
function and emotion processing—from a reproductive perspective. Front Neurosci 8:
1-16. https://doi.org/10.3389/fnins.2014.00380

McCarthy M, Raval AP (2020) The peri-menopause in a woman’s life: a systemic
inflammatory phase that enables later neurodegenerative disease. J Neuroinflammation
17: 1-14. https://doi.org/10.1186/s12974-020-01998-9

Zsido RG, Villringer A, Sacher J (2017) Using positron emission tomography to
investigate hormone-mediated neurochemical changes across the female lifespan:
implications for depression. Int Rev Psychiatry 29: 580-596. https://doi.org/10.1080/
09540261.2017.1397607

Wise PM, Smith MJ, Dubal DB, Wilson ME, Krajnak KM, et al. (1999) Neuroendocrine
influences and repercussions of the menopause. Endocr Rev 20: 243-248. https://doi.
org/10.1210/edrv.20.3.0364

Genazzani AR, Bernardi F, Pluchino N, Beglivomini S, Lenzi E, et al. (2005)
Endocrinology of menopausal transition and its brain implications. CNS Spectr 10:
449-457. https://doi.org/10.1017/s1092852900023142

Hall JE (2015) Endocrinology of the menopause. Endocrinol Metab Clin North Am
44: 485-496. https://doi.org/10.1016/j.ec1.2015.05.010

Catenaccio E, Mu W, Lipton ML (2016) Estrogen- and progesterone-mediated
structural neuroplasticity in women: evidence from neuroimaging. Brain Struct Funct
221: 3845-3867. https://doi.org/10.1007/s00429-016-1197-x

Del Rio JP, Alliende MI, Molina N, Serrano FG, Molina S, et al. (2018) Steroid
hormones and their action in women’s brains: the importance of hormonal balance.
Front Public Health 6: 1-15. https://doi.org/10.3389/fpubh.2018.00141

Fidecicchi T, Giannini A, Chedraui P, Luisi S, Battipaglia C, et al. (2024)
Neuroendocrine mechanisms of mood disorders during menopause transition: a
narrative review and future perspectives. Maturitas 188: 1-9. https://doi.org/10.1016/j.
maturitas.2024.108087

Sun Q, Li G, Zhao F, Dong M, Xie W, et al. (2024) Role of estrogen in treatment
of female depression. Aging (Albany NY) 16: 3021-3042. https://doi.org/10.18632/
aging.205507

Newman M, Donahue HJ, Neigh GN (2024) Connecting the dots: sex, depression,
and musculoskeletal health. J Clin Invest 134: 1-11. https://doi.org/10.1172/jci180072

Gordon JL, Girdler SS, Meltzer-Brody SE, Stika CS, Thurston RC, et al. (2015)
Ovarian hormone fluctuation, neurosteroids, and HPA axis dysregulation in
perimenopausal depression: a novel heuristic model. Am J Psychiatry 172: 227-236.
https://doi.org/10.1176/appi.ajp.2014.14070918

Hantsoo L, Jagodnik KM, Novick AM, Baweja R, di Scalea TL, et al. (2023) The
role of the hypothalamic-pituitary-adrenal axis in depression across the female
reproductive lifecycle: current knowledge and future directions. Front Endocrinol 14:
1-22. https://doi.org/10.3389/fendo.2023.1295261

Zhu'Y, Wu X, Zhou R, Sie O, Niu Z, et al. (2021) Hypothalamic-pituitary-end-organ
axes: hormone function in female patients with major depressive disorder. Neurosci
Bull 37: 1176-1187. https://doi.org/10.1007/s12264-021-00689-6

Oyola MG, Handa RJ (2017) Hypothalamic—pituitary—adrenal and hypothalamic—
pituitary—gonadal axes: sex differences in regulation of stress responsivity. Stress 20:
476-494. https://doi.org/10.1080/10253890.2017.1369523

Bhattacharya A, Chakraborty M, Chanda A, Algahtani T, Kumer A, et al. (2024)
Neuroendocrine and cellular mechanisms in stress resilience: from hormonal influence
in the CNS to mitochondrial dysfunction and oxidative stress. J Cell Mol Med 28:
1-18. https://doi.org/10.1111/jemm.18220

Giannini A, Caretto M, Genazzani AR, Simoncini T (2021) Neuroendocrine changes
during menopausal transition. Endocrines 2: 405-416. https://doi.org/10.3390/
endocrines2040036

Pages: 9-11


https://doi.org/10.47275/2692-0948-171
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2015.00037/full
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2015.00037/full
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2015.00037/full
https://doi.org/10.3389/fnins.2015.00037
https://journals.lww.com/menopausejournal/citation/2014/10000/the_north_american_menopause_society.5.aspx
https://journals.lww.com/menopausejournal/citation/2014/10000/the_north_american_menopause_society.5.aspx
https://journals.lww.com/menopausejournal/citation/2014/10000/the_north_american_menopause_society.5.aspx
https://doi.org/10.1097/gme.0000000000000319
https://doi.org/10.1097/gme.0000000000000319
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2024.1403969/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2024.1403969/full
https://doi.org/10.3389/fphar.2024.1403969
https://doi.org/10.3389/fphar.2024.1403969
https://www.eurekaselect.com/article/5490
https://www.eurekaselect.com/article/5490
https://doi.org/10.2174/138161205774913228
https://doi.org/10.2174/138161205774913228
https://www.thelancet.com/journals/landia/article/PIIS2213-8587(23)00224-3/abstract
https://www.thelancet.com/journals/landia/article/PIIS2213-8587(23)00224-3/abstract
https://www.thelancet.com/journals/landia/article/PIIS2213-8587(23)00224-3/abstract
https://doi.org/10.1016/s2213-8587(23)00224-3
https://openbiologyjournal.com/VOLUME/9/PAGE/17/FULLTEXT/
https://openbiologyjournal.com/VOLUME/9/PAGE/17/FULLTEXT/
https://openbiologyjournal.com/VOLUME/9/PAGE/17/FULLTEXT/
https://openbiologyjournal.com/VOLUME/9/PAGE/17/FULLTEXT/
https://doi.org/10.2174/1874196702109010017
https://onlinelibrary.wiley.com/doi/10.1002/j.2040-4603.2016.tb00705.x
https://onlinelibrary.wiley.com/doi/10.1002/j.2040-4603.2016.tb00705.x
https://doi.org/10.1002/cphy.c150014
https://doi.org/10.1002/cphy.c150014
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2014.00380/full
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2014.00380/full
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2014.00380/full
https://doi.org/10.3389/fnins.2014.00380
https://link.springer.com/article/10.1186/s12974-020-01998-9
https://link.springer.com/article/10.1186/s12974-020-01998-9
https://link.springer.com/article/10.1186/s12974-020-01998-9
https://doi.org/10.1186/s12974-020-01998-9
https://www.tandfonline.com/doi/full/10.1080/09540261.2017.1397607
https://www.tandfonline.com/doi/full/10.1080/09540261.2017.1397607
https://www.tandfonline.com/doi/full/10.1080/09540261.2017.1397607
https://doi.org/10.1080/09540261.2017.1397607
https://doi.org/10.1080/09540261.2017.1397607
https://academic.oup.com/edrv/article-abstract/20/3/243/2530813?redirectedFrom=fulltext&login=false
https://academic.oup.com/edrv/article-abstract/20/3/243/2530813?redirectedFrom=fulltext&login=false
https://doi.org/10.1210/edrv.20.3.0364
https://doi.org/10.1210/edrv.20.3.0364
https://www.cambridge.org/core/journals/cns-spectrums/article/abs/endocrinology-of-menopausal-transition-and-its-brain-implications/B63E3DB7CC07D8AC189D295CAC3B2724
https://www.cambridge.org/core/journals/cns-spectrums/article/abs/endocrinology-of-menopausal-transition-and-its-brain-implications/B63E3DB7CC07D8AC189D295CAC3B2724
https://www.cambridge.org/core/journals/cns-spectrums/article/abs/endocrinology-of-menopausal-transition-and-its-brain-implications/B63E3DB7CC07D8AC189D295CAC3B2724
https://doi.org/10.1017/s1092852900023142
https://www.sciencedirect.com/science/article/abs/pii/S0889852915000511?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0889852915000511?via%3Dihub
https://doi.org/10.1016/j.ecl.2015.05.010
https://link.springer.com/article/10.1007/s00429-016-1197-x
https://link.springer.com/article/10.1007/s00429-016-1197-x
https://link.springer.com/article/10.1007/s00429-016-1197-x
https://doi.org/10.1007/s00429-016-1197-x
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2018.00141/full
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2018.00141/full
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2018.00141/full
https://doi.org/10.3389/fpubh.2018.00141
https://www.maturitas.org/article/S0378-5122(24)00182-8/fulltext
https://www.maturitas.org/article/S0378-5122(24)00182-8/fulltext
https://www.maturitas.org/article/S0378-5122(24)00182-8/fulltext
https://doi.org/10.1016/j.maturitas.2024.108087
https://doi.org/10.1016/j.maturitas.2024.108087
https://www.aging-us.com/article/205507/text
https://www.aging-us.com/article/205507/text
https://doi.org/10.18632/aging.205507
https://doi.org/10.18632/aging.205507
https://www.jci.org/articles/view/180072
https://www.jci.org/articles/view/180072
https://doi.org/10.1172/jci180072
https://psychiatryonline.org/doi/10.1176/appi.ajp.2014.14070918
https://psychiatryonline.org/doi/10.1176/appi.ajp.2014.14070918
https://psychiatryonline.org/doi/10.1176/appi.ajp.2014.14070918
https://doi.org/10.1176/appi.ajp.2014.14070918
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2023.1295261/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2023.1295261/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2023.1295261/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2023.1295261/full
https://doi.org/10.3389/fendo.2023.1295261
https://link.springer.com/article/10.1007/s12264-021-00689-6
https://link.springer.com/article/10.1007/s12264-021-00689-6
https://link.springer.com/article/10.1007/s12264-021-00689-6
https://doi.org/10.1007/s12264-021-00689-6
https://www.tandfonline.com/doi/full/10.1080/10253890.2017.1369523
https://www.tandfonline.com/doi/full/10.1080/10253890.2017.1369523
https://www.tandfonline.com/doi/full/10.1080/10253890.2017.1369523
https://doi.org/10.1080/10253890.2017.1369523
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.18220
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.18220
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.18220
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.18220
https://doi.org/10.1111/jcmm.18220
https://www.mdpi.com/2673-396X/2/4/36
https://www.mdpi.com/2673-396X/2/4/36
https://doi.org/10.3390/endocrines2040036
https://doi.org/10.3390/endocrines2040036

o

Citation: Graham A, Alekhya K, Devarakonda A, Antil J (2026) The Impact of Perimenopause on Mood and Cognition: A Review of Neuroendocrine
Mechanisms and Treatment Strategies. ] Womens Health Care Manage, Volume 7:1. 171. DOI: https://doi.org/10.47275/2692-0948-171

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Igbal AZ, Wu SK, Zailani H, Chiu WC, Liu WC, et al. (2023) Effects of omega-3
polyunsaturated fatty acids intake on vasomotor symptoms, sleep quality and
depression in postmenopausal women: a systematic review. Nutrients 15: 4231.
https://doi.org/10.3390/nu15194231

Mosconi L, Nerattini M, Matthews DC, Jett S, Andy C, et al. (2024) In vivo brain
estrogen receptor density by neuroendocrine aging and relationships with cognition
and symptomatology. Sci Rep 14: 1-15. https://doi.org/10.1038/s41598-024-62820-7

Conde DM, Verdade RC, Valadares AL, Mella LF, Pedro AO, et al. (2021)
Menopause and cognitive impairment: a narrative review of current knowledge.
World J Psychiatry 11: 412-428. https://doi.org/10.5498/wjp.v11.i8.412

Han Y, Gu S, Li Y, Qian X, Wang F, et al. (2023) Neuroendocrine pathogenesis
of perimenopausal depression. Front Psychiatry 14: 1-12. https://doi.org/10.3389/
fpsyt.2023.1162501

Pluchino N, Bucci F, Cela V, Cubeddu A, Genazzani AR (2011) Menopause and
mental well-being: timing of symptoms and timing of hormone treatment. Womens
Health (Lond) 7: 71-80. https://doi.org/10.2217/whe.10.80

Alexander JL, Dennerstein L, Woods NF, Kotz K, Halbreich U, et al. (2007)
Neurobehavioral impact of menopause on mood. Expert Rev Neurother 7: S81-S91.
https://doi.org/10.1586/14737175.7.11s.s81

Albert KM, Newhouse PA (2019) Estrogen, stress, and depression: cognitive and
biological interactions. Annu Rev Clin Psychol 15: 399-423. https://doi.org/10.1146/
annurev-clinpsy-050718-095557

Rasgon N, Shelton S, Halbreich U (2005) Perimenopausal mental disorders:
epidemiology and phenomenology. CNS Spectr 10: 471-478. https://doi.org/10.1017/
$1092852900023166

Lokuge S, Frey BN, Foster JA, Soares CN, Steiner M (2011) Depression in women:
windows of vulnerability and new insights into the link between estrogen and serotonin.
J Clin Psychiatry 72: e1563-e1569. https://doi.org/10.4088/jcp.11com07089

Borrow AP, CameronNM (2014) Estrogenic mediation of serotonergic and neurotrophic
systems: implications for female mood disorders. Prog Neuropsychopharmacol Biol
Psychiatry 54: 13-25. https://doi.org/10.1016/j.pnpbp.2014.05.009

Rybaczyk LA, Bashaw MJ, Pathak DR, Moody SM, Gilders RM, et al. (2005) An
overlooked connection: serotonergic mediation of estrogen-related physiology and
pathology. BMC Womens Health 5: 1-10. https://doi.org/10.1186/1472-6874-5-12

Garcia-Rios RI, Mora-Pérez A, Soria-Fregozo C (2017) Depression and Serotonergic
Changes during the Climacteric and Postmenopausal Stages: Hormonal Influences. In
A Multidisciplinary Look at Menopause. Inopen.

Turek J, Gasior £ (2023) Estrogen fluctuations during the menopausal transition are a
risk factor for depressive disorders. Pharmacol Rep 75: 32-43. https://doi.org/10.1007/
$43440-022-00444-2

Hu'Y, Wang W, Ma W, Wang W, Ren W, et al. (2025) Impact of psychological stress
on ovarian function: insights, mechanisms and intervention strategies. Int J Mol Med
55: 1-29. https://doi.org/10.3892/ijmm.2024.5475

Toffol E, Heikinheimo O, Partonen T (2015) Hormone therapy and mood in
perimenopausal and postmenopausal women: a narrative review. Menopause 22: 564-
578. https://doi.org/10.1097/gme.0000000000000323

Gava G, Orsili I, Alvisi S, Mancini I, Seracchioli R, et al. (2019) Cognition, mood and
sleep in menopausal transition: the role of menopause hormone therapy. Medicina 55:
668. https://doi.org/10.3390/medicina55100668

Bagga SS, Tayade S, Lohiya N, Tyagi A, Chauhan A (2025) Menopause dynamics:
from symptoms to quality of life, unraveling the complexities of the hormonal shift.
Multidiscip Rev 8: 2025057-2025057. https://doi.org/10.31893/multirev.2025057

Koire A, Joffe H, Buckley R (2022) Menopausal hormone therapy and the mind: the
role of hormone replacement in the prevention and treatment of cognitive decline,
dementia, and cognitive dysfunction of depression. Harv Rev Psychiatry 30: 215-225.
https://doi.org/10.1097/hrp.0000000000000339

Metcalf CA, Duffy KA, Page CE, Novick AM (2023) Cognitive problems in
perimenopause: a review of recent evidence. Curr Psychiatry Rep 25: 501-511. https://
doi.org/10.1007/511920-023-01447-3

Mehta J, Kling JM, Manson JE (2021) Risks, benefits, and treatment modalities of
menopausal hormone therapy: current concepts. Front Endocrinol 12: 1-14. https://
doi.org/10.3389/fendo.2021.564781

Liang G, Kow ASF, Yusof R, Tham CL, Ho YC, et al. (2024) Menopause-
associated depression: impact of oxidative stress and neuroinflammation on the

J Womens Health Care Manage, Volume 7:1

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

central nervous system—a review. Biomedicines 12: 184. https://doi.org/10.3390/
biomedicines12010184

Jett S, Schelbaum E, Jang G, Yepez CB, Dyke JP, et al. (2022) Ovarian steroid
hormones: a long overlooked but critical contributor to brain aging and Alzheimer’s
disease. Front Aging Neurosci 14: 1-40. https://doi.org/10.3389/fnagi.2022.948219

Kooij JJS, De Jong M, Agnew-Blais JC, Amoretti S, Madsen KB, et al. (2025)
Research advances and future directions in female ADHD: the lifelong interplay of
hormonal fluctuations with mood, cognition, and disease. Front Glob Womens Health
6: 1-12. https://doi.org/10.3389/fgwh.2025.1613628

Nilsson S, Gustafsson JA (2002) Biological role of estrogen and estrogen receptors.
Crit Rev Biochem Mol Biol 37: 1-28. https://doi.org/10.1080/10409230290771438

Sherwin BB (2003) Estrogen and cognitive functioning in women. Endocr Rev 24:
133-151. https://doi.org/10.1210/er.2001-0016

McEwen BS (2001) Invited review: estrogens effects on the brain: multiple sites
and molecular mechanisms. J Appl Physiol 91: 2785-2801. https://doi.org/10.1152/
jappl.2001.91.6.2785

Daniel JM (2013) Estrogens, estrogen receptors, and female cognitive aging: the impact
of timing. Horm Behav 63: 231-237. https://doi.org/10.1016/j.yhbeh.2012.05.003

Henderson VW, Guthrie JR, Dudley EC, Burger HG, Dennerstein L (2003) Estrogen
exposures and memory at midlife: a population-based study of women. Neurology 60:
1369-1371. https://doi.org/10.1212/01.wnl.0000059413.75888.be

Grummisch JA, Tottenham LS, Gordon JL (2023) Within-person changes in
reproductive hormones and cognition in the menopause transition. Maturitas 177: 1-8.
https://doi.org/10.1016/j.maturitas.2023.107804

Vliet EL, Davis VL (1991) New perspectives on the relationship of hormone changes
to affective disorders in the perimenopause. NAACOGs Clin Issues Perinat Womens
Health Nurs 2: 453-471.

Crockford JF, Guan DX, Einstein G, Smith EE, Ismail Z (2024) Cognitive and
behavioral decline predicted by perimenopausal symptoms: a CAN-PROTECT study.
Alzheimers Dement 20: €092052. https://doi.org/10.1002/alz.092052

Brinton RD (2016) Reproductive Aging of Neuroendocrine Systems. In Hormones,
Brain and Behavior (Third Edition), pp 465-476.

Brinton RD, Yao J, Yin F, Mack WIJ, Cadenas E (2015) Perimenopause as a
neurological transition state. Nat Rev Endocrinol 11: 393-405. https://doi.org/10.1038/
nrendo.2015.82

Burger HG, Teede HJ (2007) Endocrine changes during the perimenopause. In
Treatment of the Postmenopausal Woman. Academic Press, pp 67-76.

Giannini A, Caretto M, Simoncini T (2019) Neuroendocrine Changes of the
Menopausal Transition. In Brinton R, Genazzani A, Simoncini T, Stevenson J (eds)
Sex Steroids’ Effects on Brain, Heart and Vessels. ISGE Series. Springer, pp 1-7.

Mosconi L, Berti V, Dyke J, Schelbaum E, Jett S, et al. (2021) Menopause impacts
human brain structure, connectivity, energy metabolism, and amyloid-beta deposition.
Sci Rep 11: 1-16. https://doi.org/10.1038/s41598-021-90084-y

Grub J, Willi J, Stss H, Ehlert U (2024) The role of estrogen receptor gene
polymorphisms in menopausal symptoms and estradiol levels in perimenopausal
women—findings from the Swiss perimenopause study. Maturitas 183: 1-8. https://doi.
org/10.1016/j.maturitas.2024.107942

Bloom JC, Torres E, Pereira SA, Arvizu-Sanchez L, Fontes AN, et al. (2024)
Transcriptomic insights into hypothalamic aging during menopause: a comparative
analysis of human and mouse models. bioRxiv 2024: 1-35.  https:/doi.
0rg/10.1101/2024.10.05.616758

Eghlidi DH, Haley GE, Noriega NC, Kohama SG, Urbanski HF (2010) Influence of
age and 17B-estradiol on kisspeptin, neurokinin B, and prodynorphin gene expression
in the arcuate-median eminence of female rhesus macaques. Endocrinology 151:
3783-3794. https://doi.org/10.1210/en.2010-0198

Greendale GA, Karlamangla AS, Maki PM (2020) The menopause transition and
cognition. JAMA 323: 1495-1496. https://doi.org/10.1001/jama.2020.1757

Kardel D, Weber S (2024) B-74 the effect of perimenopause on women’s executive
functioning: a systematic review. Arch Clin Neuropsychol 39: 1169-1169. https://doi.
org/10.1093/arclin%2Facae067.235

Hayashi K, Ideno Y, Nagai K, Lee JS, Yasui T, et al. (2022) Complaints of reduced
cognitive functioning during perimenopause: a cross-sectional analysis of the Japan
Nurses’” Health Study. Womens Midlife Health 8: 1-9. https://doi.org/10.1186/s40695-
022-00076-9

Pages: 10-11


https://doi.org/10.47275/2692-0948-171
https://www.mdpi.com/2072-6643/15/19/4231
https://www.mdpi.com/2072-6643/15/19/4231
https://www.mdpi.com/2072-6643/15/19/4231
https://doi.org/10.3390/nu15194231
https://www.nature.com/articles/s41598-024-62820-7
https://www.nature.com/articles/s41598-024-62820-7
https://www.nature.com/articles/s41598-024-62820-7
https://doi.org/10.1038/s41598-024-62820-7
https://www.wjgnet.com/2220-3206/full/v11/i8/412.htm
https://www.wjgnet.com/2220-3206/full/v11/i8/412.htm
https://www.wjgnet.com/2220-3206/full/v11/i8/412.htm
https://doi.org/10.5498/wjp.v11.i8.412
https://www.frontiersin.org/journals/psychiatry/articles/10.3389/fpsyt.2023.1162501/full
https://www.frontiersin.org/journals/psychiatry/articles/10.3389/fpsyt.2023.1162501/full
https://doi.org/10.3389/fpsyt.2023.1162501
https://doi.org/10.3389/fpsyt.2023.1162501
https://journals.sagepub.com/doi/10.2217/WHE.10.80
https://journals.sagepub.com/doi/10.2217/WHE.10.80
https://journals.sagepub.com/doi/10.2217/WHE.10.80
https://doi.org/10.2217/whe.10.80
https://www.tandfonline.com/doi/full/10.1586/14737175.7.11s.S81
https://www.tandfonline.com/doi/full/10.1586/14737175.7.11s.S81
https://doi.org/10.1586/14737175.7.11s.s81
https://www.annualreviews.org/content/journals/10.1146/annurev-clinpsy-050718-095557
https://www.annualreviews.org/content/journals/10.1146/annurev-clinpsy-050718-095557
https://doi.org/10.1146/annurev-clinpsy-050718-095557
https://doi.org/10.1146/annurev-clinpsy-050718-095557
https://www.cambridge.org/core/journals/cns-spectrums/article/abs/perimenopausal-mental-disorders-epidemiology-and-phenomenology/5A35125F244139DBBF794E692A5EC34B
https://www.cambridge.org/core/journals/cns-spectrums/article/abs/perimenopausal-mental-disorders-epidemiology-and-phenomenology/5A35125F244139DBBF794E692A5EC34B
https://doi.org/10.1017/s1092852900023166
https://doi.org/10.1017/s1092852900023166
https://www.psychiatrist.com/jcp/commentary-depression-women-windows-vulnerability/
https://www.psychiatrist.com/jcp/commentary-depression-women-windows-vulnerability/
https://www.psychiatrist.com/jcp/commentary-depression-women-windows-vulnerability/
https://doi.org/10.4088/jcp.11com07089
https://www.sciencedirect.com/science/article/abs/pii/S0278584614001006?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278584614001006?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278584614001006?via%3Dihub
https://doi.org/10.1016/j.pnpbp.2014.05.009
https://link.springer.com/article/10.1186/1472-6874-5-12
https://link.springer.com/article/10.1186/1472-6874-5-12
https://link.springer.com/article/10.1186/1472-6874-5-12
https://doi.org/10.1186/1472-6874-5-12
https://www.intechopen.com/chapters/56195
https://www.intechopen.com/chapters/56195
https://www.intechopen.com/chapters/56195
https://link.springer.com/article/10.1007/s43440-022-00444-2
https://link.springer.com/article/10.1007/s43440-022-00444-2
https://doi.org/10.1007/s43440-022-00444-2
https://doi.org/10.1007/s43440-022-00444-2
https://www.spandidos-publications.com/10.3892/ijmm.2024.5475
https://www.spandidos-publications.com/10.3892/ijmm.2024.5475
https://www.spandidos-publications.com/10.3892/ijmm.2024.5475
https://doi.org/10.3892/ijmm.2024.5475
https://journals.lww.com/menopausejournal/abstract/2015/05000/hormone_therapy_and_mood_in_perimenopausal_and.14.aspx
https://journals.lww.com/menopausejournal/abstract/2015/05000/hormone_therapy_and_mood_in_perimenopausal_and.14.aspx
https://journals.lww.com/menopausejournal/abstract/2015/05000/hormone_therapy_and_mood_in_perimenopausal_and.14.aspx
https://doi.org/10.1097/gme.0000000000000323
https://www.mdpi.com/1648-9144/55/10/668
https://www.mdpi.com/1648-9144/55/10/668
https://www.mdpi.com/1648-9144/55/10/668
https://doi.org/10.3390/medicina55100668
https://malque.pub/ojs/index.php/mr/article/view/5363
https://malque.pub/ojs/index.php/mr/article/view/5363
https://malque.pub/ojs/index.php/mr/article/view/5363
https://doi.org/10.31893/multirev.2025057
https://journals.lww.com/hrpjournal/abstract/2022/07000/menopausal_hormone_therapy_and_the_mind__the_role.1.aspx
https://journals.lww.com/hrpjournal/abstract/2022/07000/menopausal_hormone_therapy_and_the_mind__the_role.1.aspx
https://journals.lww.com/hrpjournal/abstract/2022/07000/menopausal_hormone_therapy_and_the_mind__the_role.1.aspx
https://doi.org/10.1097/hrp.0000000000000339
https://link.springer.com/article/10.1007/s11920-023-01447-3
https://link.springer.com/article/10.1007/s11920-023-01447-3
https://doi.org/10.1007/s11920-023-01447-3
https://doi.org/10.1007/s11920-023-01447-3
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.564781/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.564781/full
https://doi.org/10.3389/fendo.2021.564781
https://doi.org/10.3389/fendo.2021.564781
https://www.mdpi.com/2227-9059/12/1/184
https://www.mdpi.com/2227-9059/12/1/184
https://www.mdpi.com/2227-9059/12/1/184
https://doi.org/10.3390/biomedicines12010184
https://doi.org/10.3390/biomedicines12010184
https://www.frontiersin.org/journals/aging-neuroscience/articles/10.3389/fnagi.2022.948219/full
https://www.frontiersin.org/journals/aging-neuroscience/articles/10.3389/fnagi.2022.948219/full
https://www.frontiersin.org/journals/aging-neuroscience/articles/10.3389/fnagi.2022.948219/full
https://doi.org/10.3389/fnagi.2022.948219
https://www.frontiersin.org/journals/global-womens-health/articles/10.3389/fgwh.2025.1613628/full
https://www.frontiersin.org/journals/global-womens-health/articles/10.3389/fgwh.2025.1613628/full
https://www.frontiersin.org/journals/global-womens-health/articles/10.3389/fgwh.2025.1613628/full
https://www.frontiersin.org/journals/global-womens-health/articles/10.3389/fgwh.2025.1613628/full
https://doi.org/10.3389/fgwh.2025.1613628
https://www.tandfonline.com/doi/abs/10.1080/10409230290771438
https://www.tandfonline.com/doi/abs/10.1080/10409230290771438
https://doi.org/10.1080/10409230290771438
https://academic.oup.com/edrv/article-abstract/24/2/133/2424179?redirectedFrom=fulltext&login=false
https://academic.oup.com/edrv/article-abstract/24/2/133/2424179?redirectedFrom=fulltext&login=false
https://doi.org/10.1210/er.2001-0016
https://journals.physiology.org/doi/full/10.1152/jappl.2001.91.6.2785
https://journals.physiology.org/doi/full/10.1152/jappl.2001.91.6.2785
https://doi.org/10.1152/jappl.2001.91.6.2785
https://doi.org/10.1152/jappl.2001.91.6.2785
https://www.sciencedirect.com/science/article/abs/pii/S0018506X12001444?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0018506X12001444?via%3Dihub
https://doi.org/10.1016/j.yhbeh.2012.05.003
https://www.neurology.org/doi/10.1212/01.WNL.0000059413.75888.BE
https://www.neurology.org/doi/10.1212/01.WNL.0000059413.75888.BE
https://www.neurology.org/doi/10.1212/01.WNL.0000059413.75888.BE
https://doi.org/10.1212/01.wnl.0000059413.75888.be
https://www.maturitas.org/article/S0378-5122(23)00410-3/fulltext
https://www.maturitas.org/article/S0378-5122(23)00410-3/fulltext
https://doi.org/10.1016/j.maturitas.2023.107804
https://pubmed.ncbi.nlm.nih.gov/1772732/
https://pubmed.ncbi.nlm.nih.gov/1772732/
https://pubmed.ncbi.nlm.nih.gov/1772732/
https://alz-journals.onlinelibrary.wiley.com/doi/full/10.1002/alz.092052
https://alz-journals.onlinelibrary.wiley.com/doi/full/10.1002/alz.092052
https://alz-journals.onlinelibrary.wiley.com/doi/full/10.1002/alz.092052
https://doi.org/10.1002/alz.092052
https://www.sciencedirect.com/science/chapter/referencework/abs/pii/B9780128035924001127?via%3Dihub
https://www.sciencedirect.com/science/chapter/referencework/abs/pii/B9780128035924001127?via%3Dihub
https://www.nature.com/articles/nrendo.2015.82
https://www.nature.com/articles/nrendo.2015.82
https://doi.org/10.1038/nrendo.2015.82
https://doi.org/10.1038/nrendo.2015.82
https://www.sciencedirect.com/science/chapter/edited-volume/abs/pii/B9780123694430500077
https://www.sciencedirect.com/science/chapter/edited-volume/abs/pii/B9780123694430500077
https://link.springer.com/chapter/10.1007/978-3-030-11355-1_1
https://link.springer.com/chapter/10.1007/978-3-030-11355-1_1
https://link.springer.com/chapter/10.1007/978-3-030-11355-1_1
https://www.nature.com/articles/s41598-021-90084-y
https://www.nature.com/articles/s41598-021-90084-y
https://www.nature.com/articles/s41598-021-90084-y
https://doi.org/10.1038/s41598-021-90084-y
https://www.maturitas.org/article/S0378-5122(24)00037-9/fulltext
https://www.maturitas.org/article/S0378-5122(24)00037-9/fulltext
https://www.maturitas.org/article/S0378-5122(24)00037-9/fulltext
https://doi.org/10.1016/j.maturitas.2024.107942
https://doi.org/10.1016/j.maturitas.2024.107942
https://www.biorxiv.org/content/10.1101/2024.10.05.616758v1.full
https://www.biorxiv.org/content/10.1101/2024.10.05.616758v1.full
https://www.biorxiv.org/content/10.1101/2024.10.05.616758v1.full
https://doi.org/10.1101/2024.10.05.616758
https://doi.org/10.1101/2024.10.05.616758
https://academic.oup.com/endo/article-abstract/151/8/3783/2456907?redirectedFrom=fulltext&login=false
https://academic.oup.com/endo/article-abstract/151/8/3783/2456907?redirectedFrom=fulltext&login=false
https://academic.oup.com/endo/article-abstract/151/8/3783/2456907?redirectedFrom=fulltext&login=false
https://academic.oup.com/endo/article-abstract/151/8/3783/2456907?redirectedFrom=fulltext&login=false
https://doi.org/10.1210/en.2010-0198
https://jamanetwork.com/journals/jama/article-abstract/2763134
https://jamanetwork.com/journals/jama/article-abstract/2763134
https://doi.org/10.1001/jama.2020.1757
https://academic.oup.com/acn/article-abstract/39/7/1169/7756143?redirectedFrom=fulltext&login=false
https://academic.oup.com/acn/article-abstract/39/7/1169/7756143?redirectedFrom=fulltext&login=false
https://doi.org/10.1093/arclin%2Facae067.235
https://doi.org/10.1093/arclin%2Facae067.235
https://link.springer.com/article/10.1186/s40695-022-00076-9
https://link.springer.com/article/10.1186/s40695-022-00076-9
https://link.springer.com/article/10.1186/s40695-022-00076-9
https://doi.org/10.1186/s40695-022-00076-9
https://doi.org/10.1186/s40695-022-00076-9

o

Citation: Graham A, Alekhya K, Devarakonda A, Antil J (2026) The Impact of Perimenopause on Mood and Cognition: A Review of Neuroendocrine
Mechanisms and Treatment Strategies. ] Womens Health Care Manage, Volume 7:1. 171. DOI: https://doi.org/10.47275/2692-0948-171

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

Weber MT, Rubin LH, Maki PM (2013) Cognition in perimenopause: the
effect of transition stage. Menopause 20: 511-517. https://doi.org/10.1097/
gme.0b013e31827655e5

Maki PM, Jaff NG (2024) Menopause and brain fog: how to counsel and treat midlife
women. Menopause 31: 647-649. https://doi.org/10.1097/gme.0000000000002382

Kaur M (2025) Cognitive function with changing hormonal milieu across menopausal
transition stages and related symptoms in midlife and beyond. Women Health 65: 19-
28. https://doi.org/10.1080/03630242.2024.2432940

Greendale GA, Wight RG, Huang MH, Avis N, Gold EB, et al. (2010) Menopause-
associated symptoms and cognitive performance: results from the study of women’s
health across the nation. Am J Epidemiol 171: 1214-1224. https://doi.org/10.1093/
aje/kwq067

Santoro N (2016) Perimenopause: from research to practice. ] Womens Health 25:
332-339. https://doi.org/10.1089/jwh.2015.5556

Reynolds GO, Willment K, Gale SA (2021) Mindfulness and cognitive training
interventions in mild cognitive impairment: impact on cognition and mood. Am J Med
134: 444-455. https://doi.org/10.1016/j.amjmed.2020.10.041

Zhao FY, Fu QQ, Spencer SJ, Kennedy GA, Conduit R, et al. (2021) Acupuncture: a
promising approach for comorbid depression and insomnia in perimenopause. Nat Sci
Sleep 13: 1823-1863. https://doi.org/10.2147/nss.s332474

Mayo Clinic (2025) Perimenopause. [https://www.mayoclinic.org/diseases-
conditions/perimenopause/symptoms-causes/syc-20354666] [Accessed June 23,
2026]

Shea AK, Wolfman W, Fortier M, Soares CN (2021) Guideline no. 422¢: menopause:
mood, sleep, and cognition. J Obstet Gynaecol Can 43: 1316-1323. https://doi.
org/10.1016/j.joge.2021.08.009

Yuksel N, Evaniuk D, Huang L, Malhotra U, Blake J, et al. (2021) Guideline no. 422a:
menopause: vasomotor symptoms, prescription therapeutic agents, complementary
and alternative medicine, nutrition, and lifestyle. J Obstet Gynaecol Can 43: 1188-
1204. https://doi.org/10.1016/j.jogc.2021.08.003

Troia L, Martone S, Morgante G, Luisi S (2021) Management of perimenopause

J Womens Health Care Manage, Volume 7:1

78.

79.

80.

81.

82.

83.

84.

85.

86.

disorders: hormonal treatment. Gynecol Endocrinol 37: 195-200. https://doi.org/10.
1080/09513590.2020.1852544

Prior JC (2011) Progesterone for symptomatic perimenopause treatment—progesterone
politics, physiology and potential for perimenopause. Facts Views Vis Obgyn 3: 109-
120.

Maki PM, Kornstein SG, Joffe H, Bromberger JT, Freeman EW, et al. (2018)
Guidelines for the evaluation and treatment of perimenopausal depression: summary
and recommendations. Menopause 25: 1069-1085. https://doi.org/10.1097/
gme.0000000000001174

Gao X, Li R, Li X, Li Y, Li X (2023) Clinical Study on the Treatment of
Perimenopausal Emotional Disorders with Modified Huanglian Wendan Tang. In
2023 13" International Conference on Information Technology in Medicine and
Education, pp 485-489.

Wang PH, Li YC, Wu YH, Chen JL, Qiu JT, et al. (2012) Clinical evaluation of Guilu
Erxian Jiao in treating perimenopausal syndrome. J Chin Med 23: 165-181.

Jie C, Chunquan Z (2012) Study on the efficacy of Lifumin in treating perimenopausal
syndrome in women. J Clin Rat Drug Use 5: 17-20.

Lingzhi D (2015) Clinical application of hormone replacement therapy in patients
with perimenopausal syndrome. Cont Med Edu China 2015: 1-7.

Cao XJ, Huang XC, Wang X (2019) Effectiveness of Chinese herbal medicine
granules and traditional Chinese medicine-based psychotherapy for perimenopausal
depression in Chinese women: a randomized controlled trial. Menopause 26: 1193-
1203. https://doi.org/10.1097/gme.0000000000001380

Zhou JH, Zhang DL, Ning BL, Xue XJ, Zhao L, et al. (2022) The role of acupuncture
in  hormonal shock-induced cognitive-related symptoms in perimenopausal
depression: a randomized clinical controlled trial. Front Psychiatry 12: 1-11. https:/
doi.org/10.3389/fpsyt.2021.772523

Gordon JL, Rubinow DR, Eisenlohr-Moul TA, Xia K, Schmidt PJ, et al. (2018)
Efficacy of transdermal estradiol and micronized progesterone in the prevention of
depressive symptoms in the menopause transition: a randomized clinical trial. JAMA
Psychiatry 75: 149-157. https://doi.org/10.1001/jamapsychiatry.2017.3998

Pages: 11-11


https://doi.org/10.47275/2692-0948-171
https://journals.lww.com/menopausejournal/abstract/2013/05000/cognition_in_perimenopause__the_effect_of.7.aspx
https://journals.lww.com/menopausejournal/abstract/2013/05000/cognition_in_perimenopause__the_effect_of.7.aspx
https://doi.org/10.1097/gme.0b013e31827655e5
https://doi.org/10.1097/gme.0b013e31827655e5
https://journals.lww.com/menopausejournal/abstract/2024/07000/menopause_and_brain_fog__how_to_counsel_and_treat.12.aspx
https://journals.lww.com/menopausejournal/abstract/2024/07000/menopause_and_brain_fog__how_to_counsel_and_treat.12.aspx
https://doi.org/10.1097/gme.0000000000002382
https://www.tandfonline.com/doi/full/10.1080/03630242.2024.2432940
https://www.tandfonline.com/doi/full/10.1080/03630242.2024.2432940
https://www.tandfonline.com/doi/full/10.1080/03630242.2024.2432940
https://doi.org/10.1080/03630242.2024.2432940
https://academic.oup.com/aje/article-abstract/171/11/1214/102233?redirectedFrom=fulltext&login=false
https://academic.oup.com/aje/article-abstract/171/11/1214/102233?redirectedFrom=fulltext&login=false
https://academic.oup.com/aje/article-abstract/171/11/1214/102233?redirectedFrom=fulltext&login=false
https://doi.org/10.1093/aje/kwq067
https://doi.org/10.1093/aje/kwq067
https://journals.sagepub.com/doi/full/10.1089/jwh.2015.5556
https://journals.sagepub.com/doi/full/10.1089/jwh.2015.5556
https://doi.org/10.1089/jwh.2015.5556
https://www.amjmed.com/article/S0002-9343(20)31105-0/abstract
https://www.amjmed.com/article/S0002-9343(20)31105-0/abstract
https://www.amjmed.com/article/S0002-9343(20)31105-0/abstract
https://doi.org/10.1016/j.amjmed.2020.10.041
https://www.dovepress.com/acupuncture-a-promising-approach-for-comorbid-depression-and-insomnia--peer-reviewed-fulltext-article-NSS
https://www.dovepress.com/acupuncture-a-promising-approach-for-comorbid-depression-and-insomnia--peer-reviewed-fulltext-article-NSS
https://www.dovepress.com/acupuncture-a-promising-approach-for-comorbid-depression-and-insomnia--peer-reviewed-fulltext-article-NSS
https://doi.org/10.2147/nss.s332474
https://www.mayoclinic.org/diseases-conditions/perimenopause/symptoms-causes/syc-20354666
https://www.mayoclinic.org/diseases-conditions/perimenopause/symptoms-causes/syc-20354666
https://www.jogc.com/article/S1701-2163(21)00688-5/abstract
https://www.jogc.com/article/S1701-2163(21)00688-5/abstract
https://doi.org/10.1016/j.jogc.2021.08.009
https://doi.org/10.1016/j.jogc.2021.08.009
https://www.jogc.com/article/S1701-2163(21)00603-4/abstract
https://www.jogc.com/article/S1701-2163(21)00603-4/abstract
https://www.jogc.com/article/S1701-2163(21)00603-4/abstract
https://www.jogc.com/article/S1701-2163(21)00603-4/abstract
https://doi.org/10.1016/j.jogc.2021.08.003
https://www.tandfonline.com/doi/full/10.1080/09513590.2020.1852544
https://www.tandfonline.com/doi/full/10.1080/09513590.2020.1852544
https://doi.org/10.1080/09513590.2020.1852544
https://doi.org/10.1080/09513590.2020.1852544
https://pubmed.ncbi.nlm.nih.gov/24753856/
https://pubmed.ncbi.nlm.nih.gov/24753856/
https://pubmed.ncbi.nlm.nih.gov/24753856/
https://journals.lww.com/menopausejournal/abstract/2018/10000/guidelines_for_the_evaluation_and_treatment_of.5.aspx
https://journals.lww.com/menopausejournal/abstract/2018/10000/guidelines_for_the_evaluation_and_treatment_of.5.aspx
https://journals.lww.com/menopausejournal/abstract/2018/10000/guidelines_for_the_evaluation_and_treatment_of.5.aspx
https://doi.org/10.1097/gme.0000000000001174
https://doi.org/10.1097/gme.0000000000001174
https://ieeexplore.ieee.org/abstract/document/10505479
https://ieeexplore.ieee.org/abstract/document/10505479
https://ieeexplore.ieee.org/abstract/document/10505479
https://ieeexplore.ieee.org/abstract/document/10505479
https://www.nricm.edu.tw/var/file/0/1000/attach/87/pta_2359_6751273_22928.pdf
https://www.nricm.edu.tw/var/file/0/1000/attach/87/pta_2359_6751273_22928.pdf
https://journals.lww.com/menopausejournal/abstract/2019/10000/effectiveness_of_chinese_herbal_medicine_granules.18.aspx
https://journals.lww.com/menopausejournal/abstract/2019/10000/effectiveness_of_chinese_herbal_medicine_granules.18.aspx
https://journals.lww.com/menopausejournal/abstract/2019/10000/effectiveness_of_chinese_herbal_medicine_granules.18.aspx
https://journals.lww.com/menopausejournal/abstract/2019/10000/effectiveness_of_chinese_herbal_medicine_granules.18.aspx
https://doi.org/10.1097/gme.0000000000001380
https://www.frontiersin.org/journals/psychiatry/articles/10.3389/fpsyt.2021.772523/full
https://www.frontiersin.org/journals/psychiatry/articles/10.3389/fpsyt.2021.772523/full
https://www.frontiersin.org/journals/psychiatry/articles/10.3389/fpsyt.2021.772523/full
https://doi.org/10.3389/fpsyt.2021.772523
https://doi.org/10.3389/fpsyt.2021.772523
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/2668205
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/2668205
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/2668205
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/2668205
https://doi.org/10.1001/jamapsychiatry.2017.3998

	Abstract 

