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Resume. This study investigated changes in immune parameters in women at different stages
of reproductive aging — premenopause, menopause, and postmenopause. A total of 90 women
were examined (30 in each group). Blood levels of immunoglobulins (IgA, 1gM, IgG, IgE), pro-
inflammatory cytokines (IL-1p, IL-6, TNF-a), anti-inflammatory cytokines (IL-4, IL-10), and C-
reactive protein were measured. The results demonstrated an age-related shift of the immune
system toward a pro-inflammatory profile. In postmenopause, IL-6, TNF-a, and C-reactive protein
levels were significantly elevated, whereas IL-4 and IL-10 levels were decreased. These findings
reflect mechanisms of immunosenescence and chronic low-grade inflammation.
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In recent decades, women's health, especially the somatic and immune changes that occur
during menopause and postmenopause, have become a relevant scientific direction in world
medicine. Menopause is a physiological state characterized by a decrease in the hormonal activity
of the ovaries and a decrease in the secretion of estrogens. However, this process is not limited to
the cessation of reproductive function, but also causes a profound restructuring of all body systems,
in particular the immune system.

Estrogens are among the immunoregulatory hormones. They stimulate B-lymphocyte
differentiation and antibody synthesis, affect T-cell balance, and maintain the cytokine profile in the
anti-inflammatory direction. Under the influence of estrogens, the activity of anti-inflammatory
cytokines such as IL-4 and IL-10 increases, while pro-inflammatory mediators are limited.
Therefore, the immune response in women of reproductive age is more humoral and tolerant in
nature.

With aging and hormonal deficiency, the immune system develops a condition called
immunosenescence. This process is characterized by:

* decreased functional reserve of lymphocytes

« shift of cytokine balance towards pro-inflammation

* chronic low-grade inflammatory state

* increased susceptibility to autoimmune diseases

In modern literature, this condition is referred to as “inflammaging.” Inflammaging is the
persistence of chronic, low-intensity inflammatory processes in the body as we age. This condition
increases the risk of cardiovascular disease, osteoporosis, type 2 diabetes, neurodegenerative and
autoimmune pathologies.

During menopause, estrogen depletion leads to a decrease in Th2-type immune responses and
an increase in Th1-type pro-inflammatory responses. This is manifested by an increase in mediators
such as IL-6, IL-1f, and TNF-a. IL-6 is a major cytokine associated with metabolic syndrome and
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atherosclerosis, while TNF-a leads to endothelial dysfunction and tissue damage. At the same time,
anti-inflammatory cytokines such as IL-4 and IL-10 decrease.

The immunoglobulin profile also changes with age. Decreases in IgA and IgM weaken
mucosal immune defenses, which increases susceptibility to infections. Conversely, IgG may
increase, which is a sign of chronic antigen exposure and impaired immune regulation.

Therefore, a comprehensive assessment of the immune status at the reproductive stages is of
great importance for clinical diagnostics, identification of risk groups, and development of
preventive measures. Determining the relationship between hormonal changes and the immune
system in women is one of the important tasks of modern gerontology and immunology.

Objective:

To assess changes in immunoglobulin and cytokine profiles in women during premenopause,
menopause, and postmenopause.

Materials and Methods:

90 women participated in the study and were divided into 3 groups.

Group Number Period

I 30 Domenopause

I 30 Menopause

I 30 Postmenopause

The following indicators were found in the blood

Immunoglobulins: IgA, IgM, IgG, IgE

Cytokines: IL-1b, IL-6, IL-4, IL-10, TNF-a

Inflammatory marker: S-reactive protein (CRO)

The tests were performed using the enzyme-linked immunosorbent assay (ELISA) method.
The results are expressed as the arithmetic mean (M+m). The level of significance was set at
p<0.05.

Results

1 Dynamics of immunoglobulins Index

Domenopause Menopause Postmenopause

IgA 3.3 28| 221]
IgM 1.25 1.34 1.05 |
IgG 10.7 11.8 18.5 11
IgE 165.2 98.6 |  72.1

Analysis: Decreased IgA and IgM indicate a weakening of mucosal immunity. Increased IgG is
consistent with chronic antigen stimulation and signs of immune aging.

Proinflammatory cytokines Indicator

Domenopause Menopause Postmenopause

IL-1b 15.7 26.4 1 32.7 11
IL-6 13.9 27.8 1 39.3 11
TNF-0 102 18.71 253 11
CRO 5.5 10.3 1 13.6

Elevated IL-6 and TNF-a are markers of cardiovascular risk. Elevated CRO indicates
subclinical inflammation.

Anti-inflammatory cytokines Indicator

Domenopause =~ Menopause Postmenopause

IL-4 28.4 20.6 | 123 |]

IL-10 35.6 269 | 17.8
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Immunoglobulins A decrease in IgA and IgM was observed with age, indicating a weakening
of mucosal immune defense. An increase in IgG during postmenopause indicates an increase in
humoral immune response against the background of chronic antigen stimulation. IgE levels
decreased in menopause and postmenopause, indicating a decrease in allergic reactivity.

Proinflammatory cytokines IL-1B, IL-6, and TNF-o increased progressively from
premenopause to postmenopause. This indicates that inflammatory processes dominate the immune
system. In particular, increased IL-6 is a marker associated with cardiovascular risk and metabolic
syndrome. CRO levels also increased with age, confirming a state of subclinical inflammation.

Levels of the anti-inflammatory cytokines IL-4 and IL-10 begin to decline at menopause and
are significantly reduced in postmenopause, indicating that immune surveillance mechanisms are
weakened and inflammatory processes are not limited.

Discussion

The results of the study clearly showed that the direction of immune system activity changes in
women with age. While immune parameters are relatively balanced in the premenopausal stage,
inflammatory processes begin to dominate during menopause and especially postmenopausal
periods.

The gradual increase in the levels of IL-1B, IL-6 and TNF-a indicates the formation of a
chronic inflammatory state in the immune system. This is of great clinical importance, since IL-6 is
one of the main mediators in the development of cardiovascular pathologies, insulin resistance and
osteoporosis. TNF-a, on the other hand, damages endothelial cells and accelerates the development
of atherosclerosis.

The increase in CRO levels with age also confirms the state of subclinical inflammation. It has
been repeatedly noted in the literature that an increase in this indicator is associated with an
increased risk of somatic diseases during menopause.

A decrease in the levels of the anti-inflammatory cytokines IL-4 and IL-10 indicates a
weakening of the control mechanisms in the immune system. IL-10 is the main cytokine that limits
the activity of macrophages and T-cells, and its decrease leads to uncontrolled inflammatory
processes. IL-4, on the other hand, controls humoral immunity and allergic responses, and its
decrease indicates a loss of immune regulation.

The immunoglobulin profile also corresponded to these changes. Decreases in IgA and IgM
indicate a weakening of mucosal immune defense, which is explained by an increased susceptibility
to infections in postmenopause. An increase in IgG is characteristic of the phenomenon of immune
aging and is associated with chronic antigen exposure and a tendency to autoimmune reactions.

The results are consistent with international studies and confirm the formation of Thl
dominance in the immune system during menopause. Estrogen deficiency leads to a decrease in
anti-inflammatory cytokines and an increase in pro-inflammatory mediators, which leads to a state
of inflammation in the immune system. This condition, if prolonged, creates the basis for the
development of chronic diseases.

Thus, the results of the study showed that changes in the immune system in women during
menopause and postmenopause are closely related to hormonal background. By monitoring the
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immune system and implementing preventive measures, it is possible to reduce the risk of somatic
diseases that occur during this period.
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