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Abstract
Psychoneuroimmunology is a fi eld that explores the intricate connections between 

the mind, brain, and immune system. This narrative review integrates various aspects of 
psychoneuroimmunology in the context of menopause. It highlights the hormonal changes 
during menopause, their impact on psychological well-being and the immune system, as 
well as the psychological aspects of menopause such as emotional changes, cognitive 
functioning, and sleep disturbances. The immunological changes during menopause, 
including alterations in immune cell function and cytokine production, are discussed along 
with their infl uence on psychological well-being. This comprehensive review emphasizes 
the bidirectional communication between the brain and immune system, the effects of 
hormonal, psychological, and immunological factors on each other, and the role of chronic 
infl ammation in menopause-related psychological symptoms. Additionally, it explores the 
infl uence of psychosocial factors like stress and social support on menopausal symptoms, 
and presents various psychoneuroimmunology interventions such as mind-body techniques, 
pharmacological options, and lifestyle modifi cations. The importance of integrating 
psychoneuroimmunology approaches in menopause research, potential areas for further 
investigation, and the call for comprehensive strategies to improve menopausal care are also 
highlighted, underscoring the signifi cance of this interdisciplinary fi eld in understanding and 
enhancing menopausal health and well-being.
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Introduction
Defi nition and overview of psychoneuroimmunology

Psychoneuroimmunology (PNI) is a multidisciplinary fi eld that 
investigates the interactions between the Central Nervous System 
(CNS), the immune system, and psychological processes. It explores how 
psychological factors, such as emotions, thoughts, and behaviors, can 
infl uence the functioning of the immune system and, in turn, impact 
physical health and well-being [1].

Introduction to menopause and its psychological and 
immunological implications

Menopause is a natural biological process that occurs in women 
typically between the ages of 45 and 55, marking the end of reproductive 
capability. It involves a signifi cant hormonal transition, with a decline in 
estrogen and progesterone levels. This hormonal shift during menopause 
can have psychological implications, including mood disturbances, 
cognitive changes, and sleep disturbances. Furthermore, menopause also 
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aff ects the immune system, resulting in alterations 
in immune function and increased susceptibility to 
certain health conditions [2].

Menopause is a natural process that happens in 
every woman's life and is associated with various 
physical and psychological symptoms. One common 
symptom is hot fl ashes, which are sudden sensations 
of heat that can cause sweating and discomfort. Hot 
fl ashes are experienced by a signifi cant number of 
women, with rates ranging from 20% to 80% of 
menopausal individuals [3-5]. 

Moreover, menopause, which refers to the 
cessation of menstrual periods in women, is associated 
with various signs and symptoms. These include 
disorders related to the central nervous system (such 
as mood swings and diffi  culty concentrating), changes 
in metabolism, weight fl uctuations, alterations in 
cardiovascular health, musculoskeletal issues (such 
as joint pain), urogenital problems (such as vaginal 
dryness and urinary incontinence), skin thinning and 
dryness, as well as sexual dysfunction. The underlying 
physiological mechanisms responsible for these 
manifestations are being understood as intricate and 
multifaceted, involving factors beyond the decline in 
estrogen levels, although estrogen deprivation plays 
a signifi cant role [6]. 

Signifi cance of studying psychoneuroimmuno-
logy in menopause

Studying the psychoneuroimmunology of 
menopause is of great importance for several reasons. 
First, understanding the complex interplay between 
psychological, neurological, and immunological 
factors can provide valuable insights into the 
underlying mechanisms contributing to the physical 
and psychological symptoms experienced during 
menopause. Second, it can help identify potential 
therapeutic targets and interventions that can 
alleviate menopausal symptoms and improve 
overall well-being. Lastly, investigating the 
psychoneuroimmunology of menopause contributes 
to our broader understanding of the mind-body 
connection and the intricate relationship between 
psychological and physiological processes.

By examining the psychoneuroimmunological 
aspects of menopause, researchers can gain a more 
comprehensive understanding of the impact of 
menopause on women's health and develop evidence-
based interventions that target the interplay between 
psychological, neurological, and immunological 

factors. This knowledge can ultimately lead to 
improved care and support for women going through 
the menopausal transition.

 Hormonal Changes during Menopause
Before we discuss about menopause, it should be 

better if we comprehend about the normal menstrual 
cycle at a glance. The menstrual cycle consists of three 
phases: follicular, periovulatory, and luteal, regulated 
by hormones and feedback mechanisms involving the 
ovaries, pituitary gland, and hypothalamus. During 
the follicular phase, estrogen and progesterone levels 
are low, leading to the release of Follicle-Stimulating 
Hormone (FSH) and follicular maturation. The 
periovulatory phase involves a surge in Luteinizing 
Hormone (LH) and the release of the egg. The 
luteal phase follows with increased progesterone 
production. If fertilization does not occur, hormone 
levels decrease, causing the breakdown of the corpus 
luteum. The dominant follicle and corpus luteum 
are the main sources of estrogen, while granulosa 
and theca cells play a key role in steroid production. 
Positive and negative feedback loops involving 
estrogen and progesterone control hormone levels 
during the cycle [7].

Overview of menopause and its hormonal 
changes

Menopause is characterized by the cessation of 
menstrual cycles and the decline in ovarian function, 
leading to signifi cant hormonal changes. The primary 
hormones aff ected during menopause are estrogen 
and progesterone. Estrogen levels decrease, and 
progesterone levels become more irregular. These 
hormonal changes are responsible for various 
physiological and psychological changes experienced 
during this transitional phase.

Impact of hormonal changes on psychological 
well-being

The hormonal fl uctuations during menopause 
can have a profound impact on psychological 
well-being. Estrogen, in particular, plays a crucial 
role in regulating neurotransmitters, including 
serotonin and dopamine, which are involved in mood 
regulation. The decline in estrogen levels can lead 
to mood disturbances, such as irritability, anxiety, 
and depression [8]. Additionally, hormonal changes 
can contribute to cognitive symptoms, including 
memory lapses and diffi  culty concentrating. These 
psychological changes can signifi cantly impact a 
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woman's quality of life and overall psychological 
well-being during menopause [9].

Infl uence of hormonal changes on the immune 
system

Hormonal changes during menopause also have 
implications for the immune system [10]. Estrogen 
has immunomodulatory eff ects, infl uencing immune 
cell function and cytokine production. The decline 
in estrogen levels during menopause can result in 
alterations in immune cell activity and a shift in the 
balance of pro-infl ammatory and anti-infl ammatory 
cytokines [11]. These changes may contribute to 
increased susceptibility to certain immune-related 
conditions and potentially impact overall immune 
function.

The relationship between hormonal changes, 
psychological well-being, and immune system 
function during menopause is complex and 
interconnected. Hormonal fl uctuations can directly 
aff ect neurotransmitter systems involved in mood 
regulation, while also infl uencing immune system 
activity. These interconnected eff ects may contribute 
to the psychological symptoms and immune-related 
changes experienced by women during menopause 
[12]. 

Understanding the interplay between hormonal 
changes, psychological well-being, and immune 
system function during menopause is crucial for 
developing targeted interventions to alleviate 
symptoms and improve overall health and 
well-being. By comprehensively studying the 
psychoneuroimmunology of menopause, researchers 
can gain insights into the underlying mechanisms and 
identify potential therapeutic strategies for mitigating 
the impact of menopause on both psychological and 
immune-related aspects of women's health [13].

Psychological Aspects of Menopause
Emotional and mood changes

Menopause is associated with various emotional 
and mood changes, which can signifi cantly impact 
a woman's psychological well-being. Two key 
psychological aspects during menopause are anxiety 
and depression, as well as irritability and mood 
swings [14]. 

Anxiety and depression: During menopause, 
women may experience an increased risk of anxiety 
and depression. Fluctuations in hormone levels, 

particularly estrogen, can infl uence neurotransmitter 
systems involved in mood regulation. Estrogen helps 
modulate serotonin, a neurotransmitter associated 
with feelings of well-being and happiness [15]. As 
estrogen levels decline, serotonin levels may also 
be aff ected, leading to an increased susceptibility 
to anxiety and depression symptoms. Additionally, 
factors such as hormonal changes, physical 
discomfort, sleep disturbances, and life transitions 
associated with menopause can contribute to 
psychological distress [16].

Anxiety symptoms commonly experienced during 
menopause include excessive worrying, restlessness, 
irritability, and feelings of tension. Women may also 
experience panic attacks characterized by sudden 
and intense periods of fear or discomfort. Depression 
symptoms may include persistent feelings of sadness, 
loss of interest or pleasure in activities, changes in 
appetite and sleep patterns, fatigue, and diffi  culty 
concentrating. It is important to note that while 
hormonal changes play a role, psychological and 
social factors also contribute to the development of 
anxiety and depression during menopause [17]. 

Psychological distress: Numerous menopausal 
women experience psychological distress, which 
manifests as feelings of agitation, anxiety, or 
overload. This distress is frequently associated with 
other menopausal symptoms such as hot fl ashes, 
fatigue, and weight changes (such as acquiring 
weight or becoming obese). In addition to physical 
symptoms such as hot fl ashes, psychological 
symptoms can contribute to negative emotions and 
attitudes regarding menopause. Consequently, it is 
crucial to develop strategies that specifi cally target 
psychological distress during menopause. These 
strategies could assist women in adjusting to the 
changes they are experiencing and enhance their 
mental health. It is possible to support women during 
this midlife transition and promote improved mental 
health among menopausal women by targeting and 
managing psychological distress [18]. 

Irritability and mood swings: Irritability and 
mood swings are also common psychological aspects 
of menopause. Fluctuating hormone levels can 
infl uence brain chemistry and contribute to changes 
in emotional regulation. Women may experience 
heightened irritability, becoming more easily 
agitated or frustrated in response to daily stressors. 
Mood swings may involve rapid and intense shifts 
in emotions, such as going from feeling content to 
suddenly feeling sad or irritable [19].
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It is essential to recognize that the psychological 
aspects of menopause can vary widely among 
women, and not all women will experience the same 
symptoms or severity. Individual diff erences in 
hormonal profi les, genetics, personal experiences, 
and psychosocial factors all contribute to the diversity 
of psychological experiences during menopause.

Understanding and addressing the psychological 
aspects of menopause, including anxiety, depression, 
irritability, and mood swings, is crucial for promoting 
overall well-being during this life stage. Integrated 
approaches that consider hormonal, psychological, 
and social factors can help develop eff ective 
interventions and support systems to enhance mental 
health and quality of life for women experiencing 
menopause.

Cognitive functioning

Menopause can have notable eff ects on cognitive 
functioning, including memory and concentration, 
as well as potential cognitive decline. These changes 
in cognitive abilities can impact a woman's daily 
functioning and overall well-being [20]. 

Memory and concentration: During menopause, 
some women may experience changes in memory 
and concentration abilities. Hormonal fl uctuations, 
particularly the decline in estrogen levels, can infl uence 
cognitive processes. Estrogen has neuroprotective 
eff ects and plays a role in maintaining optimal brain 
function, including memory formation and retrieval. 
Reduced estrogen levels during menopause can 
contribute to diffi  culties with memory, including 
forgetfulness, occasional lapses in recall, and 
problems with word retrieval. These memory changes 
may be more noticeable during times of stress or 
fatigue.

Concentration and attention may also be aff ected 
during menopause. Women may fi nd it more 
challenging to focus on tasks, maintain attention 
for extended periods, or multitask eff ectively. The 
hormonal changes and accompanying symptoms, 
such as hot fl ashes, sleep disturbances, and mood 
fl uctuations, can contribute to diffi  culties with 
concentration and attentional control.

Cognitive decline: While cognitive changes 
during menopause are common, it is important to 
diff erentiate between typical age-related cognitive 
changes and cognitive decline associated with 
menopause. While some women may experience 
subtle cognitive changes, menopause itself is not 

considered a direct cause of dementia or signifi cant 
cognitive decline. Age-related factors, genetic 
predisposition, and other medical conditions play a 
more prominent role in cognitive decline.

However, it is essential to note that some women 
may be at an increased risk of cognitive decline during 
menopause if they have specifi c risk factors, such as 
a history of depression, cardiovascular disease, or 
certain genetic factors. It is crucial for healthcare 
professionals to evaluate cognitive changes in 
menopausal women thoroughly, considering 
potential contributing factors beyond menopause 
itself [21].

Several factors that may increase the risk of 
cognitive decline during menopause include:

 Hormonal changes: During menopause, the 
levels of hormones such as estrogen and 
progesterone decrease signifi cantly. Some 
studies suggest that estrogen may have a 
protective eff ect on brain health, and its decline 
could therefore contribute to cognitive issues 
[21,22].

 Age: Older age is a risk factor for many forms of 
cognitive decline and dementia. As menopause 
usually occurs as a woman ages, the risk of 
cognitive issues increases [23,24]. 

 Genetics: Women with a family history of 
cognitive disorders or dementia may be at 
higher risk [25,26].

 Poor cardiovascular health: Factors like high 
blood pressure, high cholesterol, obesity, and 
diabetes can aff ect brain health and cognitive 
function [27,28].

 Lifestyle factors: Unhealthy habits, such as 
smoking, excessive alcohol consumption, lack 
of physical activity, and poor diet can also 
contribute to cognitive decline [29-31].

 Mental health issues: Depression, anxiety, 
and high stress levels can potentially impact 
cognitive function [32-34].

 Sleep disturbances: Many women experience 
sleep problems during menopause, which can 
impact cognitive function. Sleep is important 
for cognitive health, and chronic sleep 
disturbances have been linked to an increased 
risk of cognitive decline [35,36].
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 Lower educational level: Some research has 
suggested that a lower level of education may 
be associated with a higher risk of cognitive 
decline and dementia [37,38].

Moreover, molecular biology and genetics research 
have shed light on several factors that might increase 
the risk of cognitive decline during menopause. Here 
are some key molecular biological factors:

1.  Apolipoprotein E (APOE) gene: This gene has 
been identifi ed as a signifi cant genetic risk 
factor for late-onset Alzheimer's disease, the 
most common form of dementia. The APOE 
4 allele, in particular, increases risk. Some 
research suggests this risk may be higher in 
women, especially after menopause, possibly 
due to interactions between the APOE ε4 allele 
and declining estrogen levels [39-41].

2. Estrogen receptor polymorphisms: Variations 
in the genes that code for Estrogen Receptors 
(ERs) might impact how a woman's brain 
responds to decreasing estrogen levels during 
menopause. Some polymorphisms have been 
associated with an increased risk of cognitive 
decline and Alzheimer's disease [42-44].

3.  Brain-Derived Neurotrophic Factor (BDNF) 
gene: BDNF is a protein that supports the 
survival of existing neurons and encourages 
the growth and diff erentiation of new neurons 
and synapses [45,46]. Variations in the BDNF 
gene can aff ect the production or function of 
this protein, potentially infl uencing cognitive 
function during menopause [47].

4. Infl ammatory markers: Chronic infl ammation 
is thought to contribute to the pathogenesis 
of Alzheimer's disease and other forms of 
dementia. Infl ammatory markers, such as 
C-Reactive Protein (CRP) and Interleukins 
(ILs), may increase during menopause and 
could potentially contribute to cognitive 
decline [48-51].

5. Tau and beta-amyloid proteins: These 
proteins, when they accumulate in the brain, 
form the hallmark plaques and tangles seen 
in Alzheimer's disease [52,53]. There is some 
evidence that menopause might accelerate the 
accumulation of these proteins, potentially 
due to the loss of estrogen's neuroprotective 
eff ects.

These factors interact with other individual, 
lifestyle, and environmental factors, complicating the 
picture of risk. Furthermore, while these molecular 
biological factors may help us understand who is at 
greater risk for cognitive decline during menopause, 
they do not guarantee that cognitive decline will 
occur [54]. More research is needed to understand 
these complex relationships and to develop strategies 
for prevention and treatment.

It is worth noting that not all women will 
experience cognitive changes during menopause, and 
those who do may have varying degrees of severity. 
Lifestyle factors such as regular exercise, a healthy 
diet, mental stimulation, and managing overall 
health can help support cognitive function during 
menopause [23].

Understanding the cognitive aspects of menopause 
and distinguishing between typical age-related 
changes and potential cognitive decline is important 
for accurate assessment and appropriate support. 
Healthcare providers can off er strategies to manage 
cognitive changes, such as memory techniques, 
cognitive exercises, and lifestyle modifi cations, to 
optimize cognitive functioning and promote overall 
well-being during this transitional phase.

Sleep disturbances and fatigue

Sleep disturbances and fatigue are common 
psychological aspects of menopause, which can 
signifi cantly impact a woman's overall psychological 
well-being.

Insomnia and sleep disorders: Menopause is often 
associated with an increased risk of insomnia and 
other sleep disorders [55]. Hormonal fl uctuations, 
specifi cally the decline in estrogen levels, can disrupt 
the sleep-wake cycle and lead to diffi  culties falling 
asleep, staying asleep, and experiencing restful sleep 
[56]. Women may report symptoms of insomnia, 
such as diffi  culty initiating or maintaining sleep, 
early morning awakenings, or non-restorative 
sleep. Other sleep disorders commonly experienced 
during menopause include sleep apnea, restless leg 
syndrome, and periodic limb movement disorder [57].

The interplay between hormonal changes, hot 
fl ashes, night sweats, and psychological factors, such 
as stress, anxiety, and mood disturbances, can further 
contribute to sleep disturbances during menopause. 
Sleep disturbances can have a signifi cant impact on 
a woman's quality of life, daytime functioning, and 
overall psychological well-being.
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Impact of sleep disturbances on psychological 
well-being: Sleep disturbances during menopause 
can have detrimental eff ects on psychological well-
being. Insuffi  cient or poor-quality sleep can lead to 
daytime fatigue, irritability, mood swings, diffi  culties 
with concentration and memory, and decreased 
overall cognitive functioning. Sleep deprivation can 
exacerbate feelings of anxiety and depression, as well 
as impair emotional regulation, leading to heightened 
emotional reactivity and reduced resilience to 
stressors [57].

Additionally, sleep disturbances can create a 
cycle of negative eff ects, where poor sleep quality 
contributes to increased psychological distress, and 
in turn, psychological distress can further disrupt 
sleep. The resulting sleep deprivation and impaired 
psychological well-being can signifi cantly impact a 
woman's overall quality of life and functioning [55]. 

Addressing sleep disturbances during menopause 
is crucial for maintaining psychological well-
being. A multidimensional approach that addresses 
hormonal factors, sleep hygiene practices, and 
psychological factors can be benefi cial. Hormone 
replacement therapy, relaxation techniques, 
Cognitive-Behavioral Therapy for Insomnia (CBT-I), 
and lifestyle modifi cations, such as regular exercise, 
maintaining a consistent sleep schedule, and creating 
a conducive sleep environment, may help alleviate 
sleep disturbances and improve overall psychological 
well-being [58].

Understanding the relationship between sleep 
disturbances, psychological well-being, and 
menopause is essential for healthcare professionals 
to provide comprehensive care and support to women 
experiencing these challenges. By addressing sleep 
disturbances eff ectively, healthcare providers can 
help enhance women's psychological well-being 
and overall quality of life during the menopausal 
transition [59]. 

Immunological Changes during 
Menopause
Overview of the immune system

The immune system plays a critical role in 
defending the body against pathogens, maintaining 
homeostasis, and promoting overall health. It consists 
of a complex network of cells, tissues, and molecules 
that work together to recognize and eliminate foreign 
invaders, such as bacteria and viruses, while also 

regulating immune responses to prevent excessive 
infl ammation.

Impact of menopause on immune function

Menopause is associated with various changes in 
immune function, which can aff ect the body's ability 
to respond to pathogens and maintain immune 
homeostasis.

Alterations in immune cell function

During menopause, alterations in immune cell 
function can occur. Natural Killer (NK) cells, which 
are important in recognizing and eliminating infected 
or cancerous cells, may exhibit reduced activity. 
This decline in NK cell function can contribute to 
an increased susceptibility to viral infections and 
impaired immune surveillance against tumor cells. 
Additionally, changes in T cell function and a decline 
in their diversity and responsiveness have been 
observed during menopause. These alterations in 
immune cell function can aff ect the overall immune 
response and increase the risk of immune-related 
disorders [60]. 

After menopause, which is the stage when a 
woman's menstrual periods stop, there are certain 
changes that occur in the body. One of these changes 
is an increase in substances in the blood called pro-
infl ammatory markers (such as IL1, IL6, TNF-alpha), 
which can trigger infl ammation in the body. The 
immune cells in the blood become more responsive to 
these markers, which means they react more strongly 
to them. Another change is a decrease in certain types 
of white blood cells called CD4 T and B lymphocytes, 
which are important for the immune system. 
Additionally, the activity of Natural Killer (NK) cells, 
which are responsible for killing harmful cells in the 
body, becomes less eff ective. Moreover, a substance 
called IL-6, which is produced in the body, plays a 
role in the breakdown of bones and is also linked 
to other health conditions that are more common 
after menopause, such as diabetes, atherosclerosis 
(hardening of the arteries), and cardiovascular 
disease [61].

Changes in cytokine production

Menopause is also associated with changes in 
cytokine production, which are signaling molecules 
involved in immune regulation and infl ammation 
[62]. Estrogen plays a role in modulating cytokine 
production, and the decline in estrogen levels during 
menopause can result in alterations in cytokine 
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profi les [63]. This may lead to a shift towards a 
pro-infl ammatory state, characterized by increased 
production of infl ammatory cytokines. Chronic low-
grade infl ammation associated with menopause 
has been implicated in the development of various 
age-related diseases and may contribute to the 
onset or exacerbation of certain conditions, such 
as cardiovascular disease, osteoporosis, and mood 
disorders.

Autoimmune disorders and menopause

Menopause is a period of increased vulnerability 
to autoimmune disorders. The decline in estrogen 
levels can infl uence the immune system's balance 
and tolerance, potentially leading to the development 
or exacerbation of autoimmune conditions. Estrogen 
has been shown to have immunomodulatory eff ects, 
including regulating the function of immune cells and 
suppressing autoimmune responses. The hormonal 
changes during menopause may disrupt this balance, 
contributing to an increased risk of autoimmune 
disorders, such as rheumatoid arthritis, systemic 
lupus erythematosus, and multiple sclerosis.

Infl uence of immunological changes on 
psychological well-being

The immunological changes during menopause 
can have implications for psychological well-being. 
Infl ammation, as a result of altered immune function, 
has been linked to the development of mood disorders, 
such as depression and anxiety. The increased pro-
infl ammatory state associated with menopause may 
contribute to the onset or worsening of psychological 
symptoms. Infl ammatory cytokines can aff ect 
neurotransmitter metabolism, neuroendocrine 
function, and neuroplasticity, infl uencing mood 
regulation, stress responses, and cognitive function.

Understanding the infl uence of immunological 
changes on psychological well-being during 
menopause is essential for a comprehensive 
understanding of women's health. The interplay 
between immune function, hormonal changes, 
and psychological factors can contribute to the 
development of psychological symptoms during 
menopause [18]. Integrating the principles of 
psychoneuroimmunology can help elucidate the 
mechanisms underlying the relationship between 
immunological changes and psychological well-
being, paving the way for targeted interventions that 
address both the immune and psychological aspects 
of menopause.

P s y c h o n e u r o i m m u n o l o g i c a l 
Interactions in Menopause
Bidirectional communication between the brain 
and immune system

Psychoneuroimmunology explores the 
bidirectional communication between the brain 
and immune system, highlighting their intricate 
relationship [64]. The brain and immune system 
communicate through various pathways, including 
neural, endocrine, and immune signaling [65]. This 
bidirectional communication allows for coordinated 
responses to physiological and psychological 
challenges.

During menopause, hormonal changes, such as 
the decline in estrogen levels, can infl uence this 
communication. Estrogen receptors are present in 
both immune cells and the brain, allowing estrogen 
to modulate immune responses and aff ect brain 
function [66]. In turn, immune signals can impact 
brain activity, aff ecting emotions, cognition, and 
behavior. This bidirectional communication between 
the brain and immune system during menopause 
plays a crucial role in shaping the overall response to 
physiological and psychological stressors.

Effects of hormonal, psychological, and 
immunological factors on each other

Hormonal, psychological, and immunological 
factors in menopause can interact and infl uence 
each other. Hormonal changes, such as the decline in 
estrogen levels, can aff ect psychological well-being 
and immune function [67]. Psychological factors, 
such as stress, anxiety, and mood disturbances, 
can modulate hormonal and immune responses. 
Immunological changes, such as altered cytokine 
profi les and immune cell function, can impact 
hormonal regulation and psychological processes.

For example, stress can activate the 
Hypothalamic-Pituitary-Adrenal (HPA) axis, leading 
to the release of stress hormones that can infl uence 
both immune and psychological responses. Chronic 
stress can dysregulate the HPA axis, aff ecting 
hormonal balance and immune function, potentially 
leading to increased infl ammation and psychological 
symptoms. Furthermore, infl ammation associated 
with immunological changes during menopause 
can infl uence hormone production and metabolism, 
contributing to hormonal imbalances and 
psychological symptoms.



979Anurogo D (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1758

Role of chronic infl ammation in menopause-
related psychological symptoms

Chronic infl ammation has emerged as a signifi cant 
factor in menopause-related psychological symptoms. 
Immunological changes during menopause, such as 
increased pro-infl ammatory cytokine production, 
can contribute to chronic low-grade infl ammation. 
This infl ammation can impact the brain through 
multiple mechanisms, including the activation of 
infl ammatory signaling pathways and the disruption 
of neurotransmitter metabolism.

Chronic infl ammation has been associated with 
the development or exacerbation of psychological 
symptoms, including depression, anxiety, and 
cognitive impairments [68]. Infl ammatory cytokines 
can infl uence neurotransmitter function, alter 
neuronal plasticity, and disrupt the delicate balance of 
neuroendocrine systems involved in mood regulation 
and cognitive processes [69]. Moreover, infl ammation 
can induce oxidative stress, which further contributes 
to neuronal damage and psychological symptoms.

Understanding the psychoneuroimmunological 
interactions in menopause provides insights into the 
mechanisms underlying the relationship between 
hormonal, psychological, and immunological 
factors. This comprehensive perspective helps 
elucidate the complex interplay and contributions 
of each factor to menopause-related psychological 
symptoms. Integrating this knowledge can guide the 
development of targeted interventions that address 
multiple aspects of menopause, including hormonal 
regulation, immune function, and psychological 
well-being.

Psychosocial Factors and Menopausal 
Symptoms
Stress and menopause

Stress is a signifi cant psychosocial factor that can 
infl uence menopausal symptoms and overall well-
being. Menopause is often accompanied by various 
stressors, including physical changes, life transitions, 
and psychosocial challenges. Understanding the 
relationship between stress and menopause is 
essential for a comprehensive understanding of 
women's experiences during this transitional phase.

Stress response and hormonal changes: Stress 
activates the body's stress response system, which 
involves the Hypothalamic-Pituitary-Adrenal (HPA) 
axis and the release of stress hormones, such as 

cortisol. During menopause, hormonal changes, 
including the decline in estrogen levels, can impact 
the stress response system. Estrogen has regulatory 
eff ects on the HPA axis, infl uencing cortisol release 
and stress hormone regulation. As estrogen levels 
decline, the stress response system may become 
dysregulated, leading to altered cortisol levels and 
stress response patterns.

Estrogens are a group of hormones that play 
important roles in regulating the development and 
functioning of the female reproductive system. There 
are four types of estrogens produced naturally in the 
body: Estrone (E1), Estradiol (E2), Estriol (E3), and 
Etestrol (E4). Among these, estradiol is the most 
common and powerful estrogen until menopause 
occurs. These hormones are made from a type of fat 
called cholesterol, and an enzyme called aromatase 
helps convert cholesterol into estrogens. In women 
who haven't reached menopause, the ovaries are 
the main source of estrogen production. During 
pregnancy, the placenta also produces estrogen. 
However, after menopause, estrogen levels from the 
ovaries decrease signifi cantly, and the majority of 
remaining estrogens are produced in other tissues 
like the brain, kidneys, bones, skin, and fat tissues 
[70-72].

Impact of stress on immune function: Stress can 
have profound eff ects on immune function, and this 
infl uence is particularly relevant during menopause. 
Chronic or prolonged stress can dysregulate the 
immune system, leading to increased infl ammation 
and altered immune cell function. Stress hormones, 
such as cortisol, can modulate immune responses by 
infl uencing the production of infl ammatory cytokines 
and the activity of immune cells.

The impact of stress on immune function 
during menopause can contribute to a heightened 
pro-infl ammatory state, potentially exacerbating 
menopausal symptoms and increasing the risk of 
immune-related conditions. Moreover, chronic stress 
can impair immune surveillance and compromise the 
body's ability to defend against pathogens, potentially 
leading to increased vulnerability to infections and 
other health complications.

It is important to note that stress is a multifaceted 
construct infl uenced by various factors, including 
individual perceptions, coping mechanisms, and 
social support. Women's experiences of stress during 
menopause can diff er greatly, and not all women will 
have the same stress response patterns. Understanding 
the interplay between stress, hormonal changes, 
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and immune function during menopause provides 
insights into the complex interactions that contribute 
to menopausal symptoms and overall well-being [73].

Addressing psychosocial factors, including stress, 
is crucial for comprehensive menopausal care. 
Strategies such as stress management techniques, 
relaxation exercises, mindfulness practices, and 
social support systems can help mitigate the impact 
of stress on menopausal symptoms and improve 
overall psychological and immune well-being. By 
integrating psychosocial approaches into menopause 
management, healthcare providers can provide 
holistic support and enhance women's quality of life 
during this transformative phase.

Social Support and Coping Mechanisms

Social support and coping mechanisms 
play essential roles in infl uencing menopausal 
symptoms and overall psychological well-being. The 
psychosocial aspects of menopause, including the 
social context and coping strategies employed, can 
signifi cantly impact women's experiences during this 
transitional phase [74]. 

Infl uence of social support on psychological well-
being: Social support, which encompasses emotional, 
informational, and practical assistance from others, 
plays a crucial role in navigating menopausal 
symptoms and promoting psychological well-being. 
Adequate social support can buff er the negative eff ects 
of stress, reduce feelings of isolation, and provide a 
sense of belonging and understanding. Social support 
networks, including family, friends, and healthcare 
professionals, can off er validation, empathy, and 
advice, which can alleviate psychological distress 
associated with menopause [73]. 

Studies have shown that women with stronger 
social support networks report better psychological 
well-being, reduced levels of anxiety and depression, 
and improved quality of life during menopause. 
Moreover, social support can enhance resilience, 
helping women eff ectively cope with menopausal 
challenges and adapt to hormonal and life changes.

Coping strategies for menopausal symptoms: 
Coping mechanisms are strategies individuals 
employ to manage and adapt to stressful situations. 
Eff ective coping strategies can help women navigate 
menopausal symptoms and enhance psychological 
well-being. Some common coping strategies for 
menopausal symptoms include:

Information seeking and education: Gathering 
knowledge about menopause and its associated 
symptoms can empower women to better understand 
and manage their experiences. Being well-informed 
enables women to make informed decisions about 
their health and seek appropriate support.

Lifestyle modifi cations: Adopting healthy lifestyle 
practices, such as regular exercise, maintaining 
a balanced diet, and getting suffi  cient sleep, can 
positively impact menopausal symptoms and overall 
well-being. Engaging in activities that promote 
relaxation, such as mindfulness meditation or yoga, 
can also be benefi cial [75]. 

Cognitive-behavioral techniques: Cognitive-
Behavioral Therapy (CBT) techniques, including 
cognitive restructuring and stress management, can 
help women reframe negative thoughts and develop 
eff ective coping strategies to manage psychological 
symptoms. CBT interventions have been found to be 
eff ective in reducing anxiety, depression, and overall 
psychological distress during menopause [76]. 

Support groups and counseling: Participating in 
support groups or seeking counseling can provide a 
safe space for women to share their experiences, gain 
support from others facing similar challenges, and 
receive professional guidance. These interventions 
can off er emotional support, validation, and coping 
skills specifi c to menopausal symptoms.

By promoting social support and employing 
eff ective coping strategies, women can navigate 
the psychosocial challenges of menopause more 
eff ectively. Healthcare providers play a critical role 
in fostering social support networks and educating 
women about coping strategies. Recognizing the 
importance of psychosocial factors and integrating 
them into menopausal care can contribute to enhanced 
psychological well-being, improved quality of life, 
and successful adaptation to the changes associated 
with menopause.

P s y c h o n e u r o i m m u n o l o g y 
Interventions for Menopausal Women
Mind-body interventions

Mind-body interventions encompass various 
techniques that promote the integration of mental 
and physical well-being. These interventions have 
gained attention in menopause research due to their 
potential to impact psychoneuroimmunological 
processes and improve menopausal symptoms. 



981Anurogo D (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1758

Several mind-body interventions have shown 
promise in enhancing psychological well-being, 
reducing stress, and modulating immune responses 
in menopausal women.

Ramadan fasting: Ramadan fasting, practiced by 
Muslims worldwide, involves abstaining from food 
and drink from dawn to sunset during the holy month 
of Ramadan. Studies have suggested that Ramadan 
fasting may have potential benefi ts for women’s 
health [77], including menopausal women. The fasting 
period has been associated with positive changes in 
neurohormones levels [78], insulin sensitivity, and 
body composition, which may contribute to improved 
overall health and well-being. However, more 
research is needed to fully understand the specifi c 
eff ects of Ramadan fasting on menopausal symptoms 
and psychoneuroimmunological processes.

Meditation: Meditation practices involve focused 
attention and mindfulness to cultivate a state of mental 
clarity and emotional stability. Various forms of 
meditation, such as mindfulness meditation, loving-
kindness meditation, and transcendental meditation, 
have been explored in menopausal women. Meditation 
has shown potential in reducing psychological 
distress, improving mood, and enhancing cognitive 
function. Additionally, meditation practices regularly 
may modulate stress responses and positively impact 
immune function [79], improving mental health [80], 
promoting improvements in menopausal symptoms 
[81]. 

Mindfulness: Mindfulness is the practice of 
intentionally paying attention to the present moment 
without judgment. Mindfulness-based interventions, 
such as Mindfulness-Based Stress Reduction (MBSR) 
and Mindfulness-Based Cognitive Therapy (MBCT), 
have been investigated in menopausal women. These 
interventions involve training individuals to cultivate 
mindful awareness in daily life, which can reduce 
stress, alleviate psychological symptoms, and enhance 
overall quality of life. Mindfulness practices have also 
shown potential in modulating immune responses 
and reducing several markers of infl ammation [82]. 
Practicing mindfulness techniques can help reduce 
the intensity of hot fl ashes and emotional symptoms 
during menopause, leading to a better overall quality 
of life [83].

Yoga: Yoga combines physical postures, breath 
control, and meditation techniques to promote 
physical and mental well-being. Research has 
indicated that yoga can improve menopausal women 

with vasomotor symptoms [84]. Yoga practices may 
enhance stress resilience, reduce cortisol levels, and 
improve immune function, potentially infl uencing the 
psychoneuroimmunological processes in menopausal 
women.

Tai chi: Tai Chi is an ancient Chinese martial art 
characterized by slow and gentle movements. It 
integrates physical postures, breath control, and 
mindfulness. Studies have shown that Tai Chi practice 
can improve menopausal symptoms, including 
sleep disturbances, mood disturbances, and overall 
quality of life [85]. Tai Chi's meditative and low-
impact movements may promote relaxation, reduce 
stress, and modulate immune responses, providing 
psychoneuroimmunological benefi ts during 
menopause.

Reiki: Reiki is an energy healing technique that 
involves the laying of hands to channel universal life 
energy. Although limited scientifi c research exists 
on Reiki's eff ects specifi cally in menopausal women 
[86], it has been suggested to promote relaxation, 
reduce stress, and improve overall well-being. The 
psychoneuroimmunological eff ects of Reiki remain 
an area for further investigation.

Yin and Yang philosophy: Menopausal syndrome 
is primarily caused by changes in how the body's 
organs respond to estrogen, in addition to a decrease 
in estrogen levels. Specifi cally, the eff ects of estrogen 
on target cells can vary or even be opposite due to 
diff erent subtypes of Estrogen Receptors (ER) alpha 
and beta. The imbalance in the levels and ratio of 
ERα and ERβ expression is also a signifi cant factor 
contributing to abnormal estrogenic eff ects in organs 
and the overall imbalance of the body's Yin and Yang 
[87]. 

Ikigai (生き甲斐): The concept of "Ikigai" is rooted 
in Japanese culture and refers to a sense of purpose, 
meaning, and fulfi llment in life. It encompasses 
the idea of fi nding joy, satisfaction, and a reason to 
wake up each day. From a psychoneuroimmunology 
perspective, the relationship between Ikigai and 
mind-body interventions can be explored in terms 
of their impact on psychological, neurological, and 
immunological processes.

 Psychological Well-being: Ikigai is closely 
tied to psychological well-being. Having a 
sense of purpose and meaning in life has been 
associated with positive emotions, increased 
life satisfaction, and improved mental health. 
Mind-body interventions, such as meditation, 
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mindfulness, and yoga, can promote 
psychological well-being by reducing stress, 
enhancing emotional regulation, and fostering 
a sense of inner calm and contentment. These 
practices have been shown to improve mood, 
reduce symptoms of anxiety and depression, 
and increase overall psychological resilience.

 Neurological Mechanisms: Mind-body 
interventions can infl uence neurological 
processes that contribute to the experience 
of Ikigai. For example, meditation practices 
have been found to promote neuroplasticity, 
which refers to the brain's ability to 
reorganize and form new neural connections. 
This neuroplasticity can enhance cognitive 
functions, including attention, memory, and 
executive functions, which are important for 
cultivating a sense of purpose and fulfi llment 
in life. Additionally, mind-body interventions 
can modulate the activity and connectivity of 
brain regions involved in emotion regulation, 
self-awareness, and reward processing, all of 
which play a role in the experience of Ikigai.

 Immune Function: The mind-body connection 
extends to the immune system, which is an 
integral part of psychoneuroimmunology. 
Chronic stress, negative emotions, and 
psychological distress have been associated 
with dysregulated immune function and 
increased infl ammation. Conversely, mind-
body interventions that promote relaxation, 
positive emotions, and stress reduction can 
modulate immune responses and promote 
immune balance. For instance, practices like 
meditation and yoga have been shown to reduce 
markers of infl ammation, enhance immune 
cell function, and improve overall immune 
health. By reducing stress and infl ammation, 
mind-body interventions can create a favorable 
psychoneuroimmunological environment that 
supports the cultivation of Ikigai.

Integrating mind-body interventions into 
menopausal care can off er a holistic approach that 
addresses both the physical and psychological 
aspects of menopausal symptoms. These 
interventions have the potential to positively impact 
psychoneuroimmunological processes, enhancing 
overall well-being during menopause.

By incorporating mind-body interventions into 
menopausal care, healthcare providers can off er 
women a range of non-pharmacological options to 

manage their symptoms and improve their quality of 
life. These interventions can be utilized as standalone 
therapies or in combination with other treatments, 
depending on individual needs and preferences.

It is important to note that the eff ectiveness 
of mind-body interventions may vary among 
individuals, and the choice of intervention should 
be tailored to each woman's specifi c needs and 
circumstances. Additionally, these interventions 
should be implemented under the guidance of trained 
professionals to ensure safety and maximize benefi ts.

Future research is needed to further 
explore the mechanisms underlying the 
psychoneuroimmunological eff ects of mind-body 
interventions in menopausal women. This includes 
investigating their impact on hormonal regulation, 
stress responses, immune function, and infl ammatory 
markers. Additionally, well-designed clinical trials 
are necessary to evaluate the effi  cacy and long-
term eff ects of these interventions on menopausal 
symptoms and overall well-being.

In a nutshell, mind-body interventions, such as 
Ramadan fasting, meditation, mindfulness, yoga, Tai 
Chi, Reiki, the Yin and Yang philosophy and Ikigai, of-
fer promising avenues for incorporating psychoneu-
roimmunological approaches into menopausal care. 
By addressing the interconnectedness of the mind, 
body, and immune system, these interventions have 
the potential to enhance psychological well-being, 
modulate immune function, and improve overall 
quality of life for women experiencing menopause.

Pharmacological interventions

Scientists have conducted numerous experiments 
to fi nd diff erent ways to ease the symptoms 
experienced during menopause. They have explored 
various pharmacological options, both hormonal 
and non-hormonal, to address these symptoms. 
Hormonal treatments involve the use of specifi c 
hormones, such as androgens (male hormones), 
estrogens (female hormones), progestogens 
(progesterone-like hormones), tibolone (a synthetic 
hormone), tissue-selective estrogen complex or TSEC 
(a combination of estrogen and another medication 
called bazedoxifene), and selective estrogen receptor 
modulators or SERMs (medications that interact with 
estrogen receptors in specifi c ways). Additionally, 
there is a medication called ospemifene that also 
works on estrogen receptors. Non-hormonal 
treatments, on the other hand, do not involve the use 
of hormones. They include medications such as SSRIs 
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(selective serotonin reuptake inhibitors) and SNRIs 
(serotonin-norepinephrine reuptake inhibitors), 
which are commonly used to treat depression; 
Gabapentin and Pregabalin, which are primarily 
used for managing seizures and nerve-related pain; 
Oxybutynin, which helps control bladder function; 
and Neurokinin antagonists, which target a specifi c 
type of neurotransmitter in the brain. Researchers 
have examined all of these options to determine their 
eff ectiveness in relieving menopausal symptoms, and 
each treatment works through diff erent mechanisms 
in the body [88]. 

Pharmacological interventions play a signifi cant 
role in the management of menopausal symptoms 
and their impact on psychoneuroimmunological 
processes. Two commonly used pharmacological 
interventions for menopausal women are Hormone 
Replacement Therapy (HRT) and psychotropic 
medications.

Hormone Replacement Therapy (HRT): HRT 
involves the administration of exogenous hormones, 
typically estrogen alone or in combination with 
progestin, to alleviate menopausal symptoms and 
restore hormonal balance. Estrogen plays a vital 
role in regulating various physiological processes, 
including those related to the central nervous 
system and immune system. HRT can provide relief 
from vasomotor symptoms (such as hot fl ashes 
and night sweats), genitourinary symptoms (such 
as vaginal dryness and urinary incontinence), and 
mood disturbances commonly experienced during 
menopause.

From a psychoneuroimmunology perspective, 
HRT can infl uence psychoneuroendocrine processes 
by modulating hormonal levels, which in turn aff ect 
neurotransmitter systems, stress responses, and 
immune function. Estrogen has neuroprotective 
properties, and its decline during menopause 
can contribute to cognitive changes and mood 
disturbances. HRT can help mitigate these eff ects 
by restoring estrogen levels, improving cognitive 
function, and positively impacting mood and 
emotional well-being.

However, the decision to use HRT should be 
individualized, taking into consideration factors 
such as a woman's medical history, risk factors, and 
preferences. Potential risks associated with HRT, 
including an increased risk of cardiovascular disease, 
breast cancer, and thromboembolic events, should 
be carefully evaluated and discussed with healthcare 
providers.

Psychotropic Medications: Psychotropic 
medications, including Selective Serotonin Reuptake 
Inhibitors (SSRIs) and Serotonin-Norepinephrine 
Reuptake Inhibitors (SNRIs), are commonly 
prescribed to manage mood disorders [89], such as 
depression and anxiety, during menopause. These 
medications act on the central nervous system 
to modulate neurotransmitter levels, primarily 
serotonin and norepinephrine.

Psychoneuroimmunologically, psychotropic 
medications can infl uence the communication 
between the brain and the immune system. 
These medications have been shown to regulate 
infl ammatory responses and modulate immune cell 
function. By reducing infl ammation and restoring 
neurotransmitter balance, psychotropic medications 
can alleviate psychological symptoms and potentially 
have benefi cial eff ects on immune function in 
menopausal women.

It is important to note that the use of 
pharmacological interventions should be guided by 
healthcare professionals, considering individual 
needs, medical history, and potential interactions 
with other medications. The benefi ts and risks of 
these interventions should be carefully weighed, 
and treatment plans should be tailored to address 
both the specifi c menopausal symptoms and the 
psychoneuroimmunological aspects of each woman.

Pharmacological interventions, such as 
hormone replacement therapy and psychotropic 
medications, off er valuable options for managing 
menopausal symptoms and addressing the 
psychoneuroimmunological aspects of menopause. By 
targeting hormonal imbalances, mood disturbances, 
and immune dysregulation, these interventions can 
contribute to improved quality of life, psychological 
well-being, and overall health for menopausal 
women.

Complementary and alternative medicine

Many women turn to Complementary and 
Alternative Medicine (CAM) to help manage 
their menopausal symptoms. CAM refers to non-
traditional treatments that are used alongside or 
instead of conventional medical approaches. Some 
examples of CAM for menopause include: pollen 
extract, Black Cohosh (Cimicifuga racemosa), Wild 
Yam (Dioscorea), Dong Quai (Angelica sinensis), 
Maca (Lepidium meyenii), and evening Primrose Oil 
(Oenothera biennis). Other CAM approaches include: 
vitamin E, acupuncture, refl exology, hypnosis or 
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self-hypnosis, yoga, meditation, homeopathy (using: 
sepia, lachesis, and pulsatilla). Traditional Chinese 
Medicine (TCM) incorporates various approaches 
such as herbal remedies, self-massage, acupuncture, 
dietary changes, and meditative exercises like Tai Chi 
to manage menopausal symptoms. Phytoestrogens 
are plant-derived compounds that can have 
estrogen-like eff ects in the body. Common sources of 
phytoestrogens are soy and red clover (isofl avones), 
fl axseed (lignans), and hops (Humulus lupulus). It's 
important to note that the evidence regarding the 
eff ectiveness of natural products for menopause is 
mixed, and there may be safety concerns associated 
with their use. Healthcare providers should consider 
the available evidence when adopting an integrative 
health approach to managing menopausal symptoms 
[90]. 

Music therapy

Music therapy has shown promising eff ects 
in the management of menopause symptoms. A 
randomized-controlled study by Koçak and Varişoğlu 
(2022) investigated the impact of listening to music 
on menopausal symptoms and depression levels 
in postmenopausal women. The study involved 48 
participants, with half of them assigned to the music 
group and the other half to the control group. The 
women in the music group listened to music played 
by the researcher during 18 sessions over a period 
of six weeks. The results demonstrated a signifi cant 
decrease in depression scores among the women in 
the music group compared to the control group. This 
fi nding suggests that music therapy can be an eff ective 
intervention for alleviating depression associated 
with menopause. By providing a nonpharmacological 
approach, music therapy off ers a safe and accessible 
option that may complement or even reduce the need 
for medication in managing menopausal depression 
[91].

Lifestyle modifi cations

Lifestyle modifi cations are important interventions 
in the management of menopausal symptoms and 
the promotion of psychoneuroimmunological well-
being. Two key aspects of lifestyle modifi cations for 
menopausal women are exercise and physical activity, 
as well as nutrition and dietary interventions.

Exercise and physical activity

Regular exercise and physical activity have been 
shown to have numerous benefi ts for menopausal 
women, including improvements in mood, cognitive 

function, cardiovascular health, and overall quality 
of life. From a psychoneuroimmunology perspective, 
exercise infl uences various psychoneuroendocrine 
and immune processes.

Exercise promotes the release of endorphins and 
other neurotransmitters, which can improve mood 
and reduce symptoms of anxiety and depression. It 
also enhances cerebral blood fl ow and neuroplasticity, 
potentially contributing to cognitive improvements 
during menopause. Exercise can modulate the 
stress response system, reducing cortisol levels and 
improving stress resilience. Furthermore, physical 
activity has been shown to have immunomodulatory 
eff ects, such as enhancing immune cell function and 
reducing chronic low-grade infl ammation [92]. 

Diff erent types of exercise, including aerobic 
exercise, resistance training, and mind-body exercises 
like yoga or Tai Chi, can off er unique benefi ts. Aerobic 
exercise improves cardiovascular fi tness and can help 
reduce vasomotor symptoms, such as hot fl ashes. 
Resistance training helps maintain muscle strength 
and bone density, which can be aff ected by hormonal 
changes during menopause. Mind-body exercises 
combine physical movement with mindfulness and 
relaxation techniques, providing benefi ts for both 
physical and mental well-being [93]. 

Nutrition and dietary interventions

Nutrition and dietary interventions are crucial 
for supporting overall health and well-being during 
menopause. A well-balanced diet can provide 
essential nutrients, antioxidants, and phytochemicals 
that support psychoneuroimmunological processes. 
Specifi c dietary factors have been investigated for 
their potential eff ects on menopausal symptoms and 
immune function.

It was discovered that consuming legumes such as 
beans, lentils, and chickpeas is associated with fewer 
menopausal symptoms. On the other hand, extra 
virgin olive oil consumption was associated with a 
reduction in menopausal psychological symptoms. 
In simplifi ed terms, incorporating legumes into your 
diet can reduce the severity of menopausal symptoms. 
These symptoms may include hot fl ashes, night 
sweats, alterations in temperament, and physical 
discomfort. Legumes are a variety of plant-based 
protein that provide numerous health advantages. 
In addition, consuming extra virgin olive oil, a high-
quality and minimally processed form of olive oil, 
may aid in the reduction of psychological symptoms 
associated with menopause. Mood swings, irritability, 
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anxiety, and depression are examples of these 
symptoms. Incorporating legumes into your diet and 
cooking with extra virgin olive oil may be benefi cial 
for managing menopausal symptoms and promoting 
emotional health, according to the fi ndings [94]. 

Phytoestrogens, found in foods like soybeans, 
fl axseeds, and legumes, have estrogen-like properties 
and may help alleviate some menopausal symptoms 
[95]. Omega-3 fatty acids, commonly found in fatty 
fi sh, walnuts, and fl axseeds, have been associated 
with reduced infl ammation and improved cognitive 
function. Antioxidant-rich fruits and vegetables 
provide protective eff ects against oxidative stress 
and infl ammation. Vitamin D, obtained from sunlight 
exposure and dietary sources like fortifi ed foods and 
fatty fi sh, plays a role in immune regulation and bone 
health. Furthermore, estrogen, a hormone present in 
the body, enhances the function of an enzyme that 
helps activate vitamin D. Therefore, when estrogen 
levels decrease during menopause, it may result in 
symptoms associated with vitamin D defi ciency. 
Interestingly, in people who are not going through 
menopause, taking vitamin D supplements has been 
shown to improve mood [96]. 

Low levels of a substance called 25-hydroxyvitamin 
D (25(OH)D) in the blood, which are commonly seen 
in menopause, can be infl uenced by factors such as 
diet, lifestyle, changes in body composition (like fat 
and muscle), insulin sensitivity, and reduced physical 
activity. Taking vitamin D supplements can increase 
the levels of 25(OH)D in the blood, bringing them 
back to normal and also aff ecting other markers in 
the body related to bone health. In women with very 
low levels of 25(OH)D (below 10 ng/ml), vitamin D 
supplementation may help improve the density of the 
bones. Low levels of vitamin D have also been linked 
to conditions like metabolic syndrome (a combination 
of health issues), high levels of triglycerides (a type of 
fat in the blood), and low levels of "good" cholesterol. 
Vitamin D supplements, when compared to a placebo 
(a dummy pill), may reduce the risk of metabolic 
syndrome, high triglycerides, and high blood sugar 
levels. The amount of vitamin D supplement needed 
may vary depending on a person's body mass index 
(BMI) and the amount of body fat they have. While 
vitamin D supplementation might improve glucose 
metabolism (how the body processes sugar) in people 
at risk of diabetes, the data regarding its eff ects on 
muscle strength are not consistent and diff er in 
diff erent studies [97].

It is important for menopausal women to maintain 

healthy body weight, as obesity is associated with 
increased menopausal symptoms and infl ammation 
[98]. Adopting a diet that is low in processed foods, 
added sugars, and unhealthy fats, and high in whole 
grains, lean proteins, fruits, vegetables, and healthy 
fats can support optimal health during menopause.

It is advisable for menopausal women to consult 
with healthcare professionals or registered dietitians 
to individualize dietary recommendations based 
on specifi c needs, preferences, and any underlying 
medical conditions.

In conclusion, lifestyle modifi cations, including 
exercise and physical activity, as well as nutrition 
and dietary interventions, play signifi cant roles in 
managing menopausal symptoms and promoting 
psychoneuroimmunological well-being. These 
interventions have the potential to improve mood, 
cognitive function, immune responses, and overall 
quality of life during menopause. By adopting a 
healthy and active lifestyle, menopausal women 
can optimize their psychological, neurological, and 
immune health, leading to a smoother transition and 
enhanced well-being.

Future Directions and Research 
Implications
Potential areas of further investigation

The fi eld of psychoneuroimmunology in 
menopause research is still evolving, and there are 
several potential areas for further investigation:

Longitudinal studies: Conducting longitudinal 
studies can provide valuable insights into the 
dynamic relationships between psychosocial factors, 
neuroendocrine processes, immune function, and 
menopausal symptoms. Long-term assessments 
can help identify patterns of change and potential 
predictive factors for menopausal outcomes.

Mechanistic studies: Investigating the underlying 
mechanisms through which psychosocial factors, such 
as stress or social support, infl uence neuroendocrine 
and immune processes during menopause is crucial. 
Exploring the molecular, cellular, and genetic 
mechanisms involved can enhance our understanding 
of the psychoneuroimmunological pathways and 
potential therapeutic targets.

Personalized approaches: Menopause is a 
highly individualized experience, and studying 
individual diff erences can help identify specifi c 
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factors that contribute to variations in menopausal 
symptoms, immune responses, and psychological 
well-being. This may involve exploring genetic, 
epigenetic, and psychosocial factors that modulate 
the psychoneuroimmunological processes during 
menopause [99]. 

Importance of integrating psychoneuroimmu-
nology approaches in menopause research

Integrating psychoneuroimmunology approaches 
in menopause research is vital for a comprehensive 
understanding of menopausal health and well-being. 
Psychoneuroimmunology provides a framework 
that acknowledges the interconnectedness of 
psychological, neurological, and immune processes, 
which all play critical roles during menopause.

By considering the psychoneuroimmunological 
aspects, researchers can investigate the complex 
interactions between stress, mood, hormones, 
immune function, and menopausal symptoms. 
This integrative approach allows for a deeper 
understanding of the underlying mechanisms driving 
menopausal changes and can guide the development 
of targeted interventions that address multiple 
aspects of menopause.

Promising strategies for improving menopausal 
health and well-being

Based on the principles of psychoneuroimmunol-
ogy, several promising strategies can be explored to 
improve menopausal health and well-being:

Integrated approaches: Developing integrated 
interventions that combine pharmacological, 
psychosocial, and lifestyle components can optimize 
menopausal care. Such interventions may include 
hormone therapy, psychosocial support, mind-body 
interventions, exercise, and dietary modifi cations 
tailored to individual needs.

Diff erent psychological approaches, such as 
cognitive behavioral therapy, mindfulness-based 
stress reduction, hypnotherapy, and relaxation 
techniques, have shown potential in helping to reduce 
vasomotor symptoms and hot fl ashes in women who 
have gone through menopause and are generally in 
good health. These interventions focus on changing 
thoughts, managing stress, enhancing mindfulness, 
using hypnotic techniques, and promoting relaxation. 
They have been found to be eff ective in addressing 
and alleviating the discomfort caused by hot fl ashes 
in postmenopausal women [100]. 

Mindfulness-based interventions: Further 
investigating the eff ects of mindfulness-based 
interventions, such as Mindfulness-Based Stress 
Reduction (MBSR) or Mindfulness-Based Cognitive 
Therapy (MBCT), can provide valuable insights 
into their impact on menopausal symptoms, 
immune function, and psychological well-being. 
Understanding the underlying mechanisms and 
optimizing the delivery of these interventions can 
enhance their eff ectiveness.

Mindfulness-based interventions, which involve 
practicing mindfulness techniques, can potentially 
enhance the quality of life for women experiencing 
menopause. These interventions focus on cultivating 
present-moment awareness, acceptance, and 
non-judgmental attitude towards one's thoughts, 
emotions, and bodily sensations. By engaging 
in mindfulness practices, menopausal women 
may experience benefi ts such as reduced stress, 
improved emotional well-being, better management 
of symptoms, and an overall enhanced sense of 
well-being. These interventions provide tools and 
techniques that can empower women to navigate the 
challenges and changes associated with menopause, 
ultimately leading to an improved quality of life [101]. 

Targeted immune modulation: Exploring 
strategies that specifi cally target immune 
modulation during menopause can help alleviate 
menopausal symptoms and improve overall well-
being. This may involve interventions that reduce 
infl ammation, support immune cell function, and 
promote immune balance, such as the use of targeted 
immunomodulatory agents or natural compounds 
with immunomodulatory properties [102]. 

Psychosocial support: Recognizing the 
importance of psychosocial factors and incorporating 
psychosocial support into menopausal care is crucial. 
Providing education, counseling, and support groups 
can help women manage the psychological challenges 
of menopause, enhance coping strategies, and 
improve overall psychological well-being [103]. 

Empowering menopausal women is essential for 
ensuring their well-being and overall health during 
the latter part of their lives. By empowering them, it 
means providing them with the knowledge, resources, 
and support they need to navigate this stage of life 
successfully. This empowerment allows women to 
make informed decisions about their health, seek 
appropriate medical care, adopt healthy lifestyle 
practices, and maintain a positive outlook. By doing 
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so, women can optimize their health and quality of 
life during the post-reproductive years, enabling 
them to enjoy this phase and make the most of their 
remaining years [104]. 

By further investigating these strategies and 
exploring their eff ects on psychoneuroimmunological 
processes, researchers can contribute to the 
development of evidence-based interventions 
that promote optimal health and well-being for 
menopausal women.

Conclusion
Summary of key points

In summary, the fi eld of psychoneuroimmunology 
off ers a valuable framework for understanding 
the complex interactions between psychological, 
neurological, and immune processes during 
menopause. Menopause is a transitional phase marked 
by hormonal changes that can impact psychological 
well-being, cognitive functioning, immune function, 
and overall quality of life. Psychoneuroimmunology 
examines the bidirectional relationships between 
these factors, recognizing that psychological and 
social factors can infl uence neuroendocrine and 
immune processes, and vice versa.

Throughout this discussion, several key points 
have emerged. First, menopause is a multidimensional 
experience that goes beyond hormonal changes. It 
involves psychological, cognitive, and immunological 
aspects that interact and contribute to women's 
overall well-being during this transition. Second, 
mind-body interventions, pharmacological 
interventions, lifestyle modifi cations, and 
psychosocial support all play important roles in 
managing menopausal symptoms and promoting 
psychoneuroimmunological well-being. These 
interventions address various aspects of menopause, 
including psychological distress, cognitive changes, 
immune dysregulation, and stress.

Implications of psychoneuroimmunology in 
menopause

Understanding the psychoneuroimmunological 
aspects of menopause has important implications 
for clinical practice and research. Healthcare 
professionals can adopt an integrated and holistic 
approach to menopausal care that considers the 
interplay between psychological, neurological, and 
immune processes. This involves providing education, 
counseling, and support to address the psychological 

challenges, recommending mind-body interventions, 
considering pharmacological interventions when 
appropriate, and promoting lifestyle modifi cations 
such as exercise and a healthy diet.

From a research perspective, further investigation 
is needed to explore longitudinal changes 
during menopause, underlying mechanisms of 
psychoneuroimmunological interactions, and 
individual diff erences that infl uence menopausal 
experiences. This includes conducting mechanistic 
studies, exploring personalized approaches, and 
investigating the eff ectiveness of integrated 
interventions. By addressing these research gaps, 
we can advance our understanding of menopause 
and develop evidence-based strategies to improve 
menopausal care.

Call for further research and integrated 
approaches to improve menopausal care

There is a clear call for further research and 
integrated approaches to improve menopausal 
care from a psychoneuroimmunology perspective. 
Integrated interventions that consider multiple 
aspects of menopause, including psychological, 
neurological, and immune processes, have the 
potential to provide comprehensive support 
and improve women's overall well-being. Such 
approaches may involve collaboration among 
healthcare professionals from various disciplines, 
including gynecology, psychology, immunology, and 
neuroscience.

Furthermore, eff orts should be made to disseminate 
knowledge about psychoneuroimmunology 
menopause and its implications to healthcare 
providers, policymakers, and the general public. 
This will contribute to the development of evidence-
based guidelines and interventions that can enhance 
menopausal care.

In conclusion, psychoneuroimmunology off ers 
valuable insights into the complex interactions 
between psychological, neurological, and immune 
processes during menopause. By considering the 
psychoneuroimmunological aspects, healthcare 
professionals can provide comprehensive care that 
addresses menopausal symptoms and promotes 
overall well-being. Further research is needed to 
expand our understanding of menopause from a 
psychoneuroimmunology perspective and develop 
integrated approaches that optimize menopausal 
care. By embracing an interdisciplinary approach, we 
can improve the quality of life for menopausal women 
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and empower them to navigate this important phase 
of life with resilience and vitality.
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