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Abstract: The postmenopausal period is the final stage of the transition from the procreative period to
the senium period. It is also a time of many complex biological transformations. The changes that
occur, associated with the gradual expiration of the endocrine function of the ovaries, can affect the
appearance of many psychophysical ailments. Low estrogen values, which are physiologically
observed in the postmenopausal period, result in the appearance of various health problems. Clinical
signs are divided into early (short-term) and late (long-term). This work discusses the definition and
course of postmenopause and the health problems and consequences of sex hormone deficiencies on a
woman's body systems. Being aware of the changes taking place during this period of women's lives
can help improve and/or create new prophylactic programs. This knowledge seems essential in the
daily practice of health professionals, in particular gynaecologists and midwives.
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Abstrakt: Okres pomenopauzalny jest ostatnim etapem przejscia od okresu prokreacyjnego do okresu
senium. Jest zarazem czasem wielu skomplikowanych przemian biologicznych. Zachodzace zmiany,
zwigzane ze stopniowym wygasaniem funkcji endokrynnej jajnikéw, moga wplywaé na pojawienie
sie¢ wielu dolegliwosci psychofizycznych. Niskie wartosci estrogenéw, jakie fizjologicznie obserwuje
sie w okresie pomenopauzalnym, skutkuja pojawieniem sie¢ réznych probleméw zdrowotnych.
Objawy kliniczne dzieli sie¢ na wczesne (krétkoterminowe) i pdzne (dlugoterminowe). W niniejszej
pracy omoéwiono definicje i przebieg postmenopauzy oraz problemy zdrowotne i konsekwencje
niedoboréw hormonéw plciowych na poszczegélne uklady organizmu. Swiadomosé zmian
zachodzacych w tym okresie zycia kobiet, moze poméc w poprawie lub /i tworzeniu nowych
programéw profikatycznych. Wiedza ta wydaje sie niezbedna w codziennej praktyce pracownikéw
ochrony zdrowia, w szczegd6lnosci lekarzy ginekologéw i potoznych.

Stowa kluczowe: menopauza, postmenopauza, zesp6t klimakteryczny

1 Polska wersja: https:/ /stowarzyszeniefidesetratio.pl/Presentations0/2021-3-Palu.pdf
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Introduction

Postmenopause is the final stage of the transition from the reproductive period to the
senile period. It is also a period of many complex biological transformations. The ongoing
changes associated with the gradual cessation of endocrine functions of the ovaries may
contribute to many psychic and physical ailments. The risk of metabolic and cancer diseases
also increases during this period (Kézka et al., 2013; Woods et al., 2016). These diseases are
frequently related to a biologically determined predisposition to gaining body fat (Davis et
al., 2012). For many years, breast cancer and cancers of the reproductive organs have caused

high incidence rate and high mortality rate in Polish women (Kollataj et al., 2016).

1. Postmenopause - definition and course

Postmenopause begins 12 months after the last ever menstrual period. Literature
usually divides postmenopause into early (up to 5 years after the last menstrual period) and
late (more than 5 years) postmenopause. According to some reports, postmenopause lasts for
the rest of a woman's life (Meczekalski & Katulski, 2016). By convention, however, a woman
aged over 65 years enters the senile period (Dmoch-Gajzlerska and Rabiej, 2007).

Postmenopause is a continuation of intense hormonal changes that have already been
initiated in the premenopausal period. It is a period after the irreversible cessation of
endocrine functions of the ovaries. The woman no longer experiences menstrual cycles,
resulting in the end of her procreative function (Kaczmarek, 2014). The greatest changes in
hormonal profile are in estrogen levels. These hormones regulate a variety of physiological
functions. They are thus a key regulator of the metabolic system of the female body. Their
mechanism of action mainly involves binding to a- and B-estrogen receptors (ER-a and ER-
B) (Rettberg et al., 2014). These receptors are present in most body systems. Hormones act
genomically (by regulating gene transcription) and non-genomically (by affecting calcium
and potassium channels in a direct way) (Pinkas et al., 2016; Zielniok et al., 2014). After
menopause there is a significant decrease in estradiol levels that are usually lower than 80
pmol/l. Estrone becomes the main estrogen. It is produced especially by aromatisation of
adrenal androgens found in adipose tissue, reaching the levels of approximately 100 pmol/1.
Higher levels of this hormone are observed in obese women (Meczekalski and Katulski,
2016; WHO, 1996).

Follicle-stimulating hormone (FSH) secretion increases in postmenopausal women by
10-15-fold and luteinizing hormone (LH) secretion by 3-fold, compared to their profile for
the procreative period (WHO, 1996). FSH has a longer half-life thus there are significant
differences between FSH and LH levels (Petkowicz et al., 2013). Prolactin secretion is slightly
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decreased (Meczalsky and Katulski.,, 2016). Approximately 3-4 years after menopause,
estrogen reaches its lowest levels while FSH reaches its peak levels (WHO, 1996).
Biosynthesis of androgens in the female body takes place in the ovaries, adrenal
cortex and under the influence of peripheral conversion. In postmenopause, the production
of these hormones occurs mostly at the extra-ovarian level. The ovaries are involved in the
production of 20% androstendione and 40% testosterone. Total testosterone levels may
slightly increase, while free testosterone levels remain the same. This is associated with an
increase in SHBG (sex hormone-binding globulin) levels. The androstendione levels are
decreased. As the female body ages, the secretion of DHEA (dehydroepiandrosterone) and
DHEAS (dehydroepiandrosterone sulfate) is reduced. Moreover, GH (growth hormone)
levels decrease in postmenopause while insulin resistance increases (Petkowicz et al., 2013;
Pinkas et al., 2016). TSH (thyrotropic hormone) and ACTH (adrenecorticotropic hormone)

levels remain at the same level (Meczalski and Katulski., 2016).

2. Climacteric syndrome

The low estrogen levels, which are physiologically observed during postmenopause,
result in various health problems (Pinkas et al., 2016). Clinical symptoms are divided into
early (short-term) and late (long-term) symptoms. Early symptoms form the climacteric
syndrome, alternately called menopausal syndrome. The climacteric syndrome is a set of
complaints occurring in the peri-menopausal period that are directly related to endocrine
disorders. Psychosocial and environmental factors may also influence these complaints (Sarri
et al., 2015). The symptoms of the climacteric syndrome affect the somatic, mental and sexual
spheres (Gartoulla et al., 2014). Key symptoms include hot flushes, night sweats, irritability,
fatigue, low mood, cognitive impairment and difficulty sleeping (Meczalski & Katulski,
2016). Vasomotor symptoms are considered the most bothersome, i.e. hot flushes and night
sweats (Woods et al., 2014). According to current reports, menopausal symptoms can affect
more than 80% of women. The period of the onset of climacteric symptoms may be different
for every woman, however, they are most strongly felt in the postmenopausal period
(Stachon et al., 2013). The severity of climacteric syndrome is assessed using the Greene
Climacteric Scale (GCS) and Kupperman Index (KI) (Bojar et al., 2016).

3. Metabolic syndrome

Late symptoms include problems arising in prolonged exposure to low levels of sex
hormones (Sarri et al., 2015). Metabolic syndrome, also called insulin resistance syndrome,
syndrome X or dysmetabolic syndrome, is one of these problems. It is a disorder that leads to

the development of type 2 diabetes (T2D) and cardiovascular diseases. Metabolic syndrome
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is a combination of central obesity, dyslipidemia, hypertension, hypertriglyceridemia and
insulin resistance (Coyoy et al., 2016). The prevalence of this syndrome in postmenopausal
women ranges from 31% to 60% according to different parts of the world (Sharma et al.,
2016).

Estrogen deficiency appears to have a negative effect on the inner layer of the arterial
wall, which contributes to a decrease in blood vessel elasticity. The effect of altering the
androgen/estrogen ratio on the increase in LDL (low-density lipoprotein) levels and the
decrease in HDL (high-density lipoprotein) levels is observed, which is typical of the
atherosclerotic profile. Postmenopause is also believed to contribute to changes in the renin-
angiotensin system, leading to elevated blood pressure (De Marchi et al., 2017).

Moreover, appetite is frequently increased in the postmenopausal period. Estrogen
and progesterone deficiencies accelerate stomach motility. Low levels of serotonin lead to
stimulation of hunger and satiety centres that are located in the hypothalamus. On the other
hand, melatonin deficiency coexisting with sleep disorders stimulates the development of
hyperalimentation syndrome and the occurrence of night time hunger. The aforementioned
disorders lead to the development of overweight and obesity (Coyoy et al., 2016; Yalocha et
al., 2014).

Postmenopausal weight gain is observed in approximately 60% of Polish women
(Pinkas et al., 2016). It is characterised by unfavorable redistribution of body fat. This mainly
concerns the fat mass to fat-free mass ratio, where the latter is significantly less. Visceral fat
increases by 40% and subcutaneous fat located within the abdominal area by approximately
20%. An increase in visceral fat leads to the central obesity that, in turn, contributes to the
development of metabolic syndrome (Janiszewska et al.,, 2015 B). Decreased levels of
estradiol, progesterone, GH, leptin, galanin and neuropeptide Y are considered the main
cause of the increase in visceral fat. The causes of the abnormal weight to height ratio should
also be sought in unfavorable lifestyles, including low physical activity and poor dietary
habits (Pinkas et al., 2016).

4. The consequences of estrogen deficiency in various body systems

4.1. Central nervous system (CNS)

The neuroprotective effects of estrogen are particularly important in brain areas such
as the hippocampus. In the ventral hippocampus (VHPC), through connections with the
hypothalamus and amygdala, they modulate affective processes, i.e. responses to stress and
emotions, while the dorsal hippocampus influences cognitive function (Mott et al., 2014).
Estrogens stimulate spinogenesis (the development of dendritic spines in neurons) and
synaptogenesis (the process of forming synapses). Animal studies have shown that low

levels of 17p-estradiol lead to loss of synapses and decreased connectivity between neurons
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(Au et al.,, 2016). Their neuroendocrine effects on cholinergic, serotonergic and GABAergic
systems are also recognised (Bojar et al., 2011; Wang et al., 2016). As a result of changes in
the functioning of CNS, cognitive impairment occurs in the postmenopausal period.
Impaired perception of touch, smell, hearing, and vision, impaired memory and balance,
impaired divided attention, as well as impaired spatial intelligence and learning ability are
observed (Bojar et al., 2013; Janicka, 2014). Postmenopausal women are found to achieve
worse results in psychomotor speed tests, visuospatial ability tests and reaction time tests
(Bojar et al., 2014).

Postmenopausal age is a period of increased risk for depression that affects
approximately 20-30% of women (Lewicka et al., 2013). Vulnerability to depressive disorders
is related not only to changes in CNS, but also to the subjective perception of somatic

symptoms of climacteric syndrome and psychosocial problems (Jagtab et al., 2016).

4.2. Cardiovascular system

Cardiovascular diseases (CVDs) belong to a group of conditions that are divided into
three basic disease entities, i.e. peripheral artery disease (PAD), ischemic cerebral infarction
and ischemic heart disease (IHD). For many years, the problem was thought to affect mainly
men, hence the CVD incidence in women was not considered on such a large scale. Although
symptoms of CVDs appear approximately 10 years later than in men, women suffer from
more adverse complications (Sobieszczanska, 2011). It is estimated that approximately 22%
of European women die from coronary heart disease alone. In contrast, 52% of European
women die from other cardiovascular diseases (Schierbeck et al., 2015).

Risk factors, as well as their prevalence, increase significantly in the postmenopausal
period. Significant metabolic changes occur in the female body due to losing the
cardioprotective effects of estrogens. The abnormal lipid profile, thrombotic lesions in the
vessels and central obesity are observed (Pinkas et al., 2016; Van Dijk et al., 2015). Numerous
modifiable risk factors for atherosclerosis and heart diseases are identified in women, with
the highest severity observed in the postmenopausal period (Piskorz et al., 2015). The
following adverse lifestyle changes, which are quite typical for postmenopausal women, are
also mentioned as predictors of CVD: poor diet, decreased physical activity and difficulty
sleeping (Van Dijk et al. 2015).

4.3. Genitourinary system

Physiological estradiol deficiency leads to atrophy in the genitourinary system. Its
symptoms can significantly affect postmenopausal women's comfort and quality of life. As
some reports show, however, only few postmenopausal women report these symptoms to a
doctor, thus the problem seems to be under-diagnosed (Gandhi et al, 2016; Parnan
Emamverdikhani et al,2016; Varella et al, 2016).
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Many degenerative changes occur within reproductive organs. The uterus, ovaries
and fallopian tubes gradually decrease in size. The vulva decreases in thickness and is less
vascularised. The atrophy affects the skin around the vulva, resulting in its thinning,
flaccidity and sagging of the labia majora. There are involution processes within the clitoris
and labia minora, as well as lipoatrophy (loss of adipose tissue) within the labia majora. The
vulva loses pigmentation and typical pubic hair. There is also mucosal thinning at the
vaginal area (Gardziejewska et al., 2014; Skrzypulec-Plinta et al., 2013).

Vaginal atrophy affects up to approximately 75% of women. It results in the
appearance of many symptoms, i.e. decreased vaginal tone and elasticity, vaginal dryness
and/or vaginosis as well as dyspareunia and bleeding after sexual intercourse. A gradual
decrease in vaginal wall elasticity is associated with a decline in the number of collagen and
elastin fibers (Parnan Emamverdikhan et al., 2016). In addition, the following symptoms are
also observed: impairment of keratinocyte proliferation, initiation of degenerative changes in
tissues and inhibition of regenerative processes. This results in epithelial atrophy, damage to
the vaginal rugae and reduction of the vaginal vestibule (Gardziejewska et al., 2014;
Skrzypulec-Plinta et al., 2013).

On the other hand, vaginal dryness is caused by a decrease in the secretion of cervical
mucus and Bartholin's secretion. There are also changes in the vaginal bacterial flora that
become deficient in lactic acid bacilli. At the same time, the vagina's pH level increases
compared to the procreative period. This leads to itching, burning, redness and more
frequent inflammation of reproductive organs, especially bacterial vaginitis (Magon et al.,
2012; Skrzypulec - Plinta et al., 2013).

The aforementioned changes within reproductive organs lead to dyspareunia, i.e.
pain and burning during sexual intercourse. Based on current reports, up to 25-50% of
postmenopausal women report discomfort during sexual activity. Pain can occur in various
regions of reproductive organs. It can either be felt within the vulva, vagina or small pelvis.
However, most women experience pain in the vaginal vestibule because of its rich
innervation. In addition to endocrine disorders, psychosocial factors and chronic disease
comorbidities may influence its occurrence (Parnan Emamverdikhan et al., 2016; Stec et al.,
2014).

There are atrophic processes in the urinary system, especially within the urinary
bladder and urethra. There is also a weakening of the pelvic floor muscles due to a decrease
in elastin and collagen fibers found in the connective tissue. This leads to the development of
urinary incontinence (UI). According to some scientific reports, Ul affects up to 20% of
postmenopausal women (Gandhi et al., 2016). Moreover, there is the problem of polyuria
and nycturia (excessive urination at night). Ul is a urinary control disorder that causes
numerous hygienic and social problems (Stadnicka et al., 2015). In the postmenopausal

period, the problem of stress urinary incontinence (SUI) and urgency urinary incontinence
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(UUI) may arise. The former occurs most commonly. A woman may experience involuntary
loss of small amounts of urine, without a sense of urinary urgency, due to coughing or
exercising. On the other hand, UUI refers to the situation where involuntary urination occurs
together with a sense of urinary urgency and it is accompanied by nycturia (Fiodorenko-
Dumas et al., 2014; Varella et al., 2016).

4.4. Skeletal system

Osteoporosis belongs to the group of primary involutional pathologies and is
responsible for 80% of metabolic bone diseases (Von Mach-Szczypinski et al., 2016). It affects
30% of European women aged over 50 years (Janiszewska et al., 2015 A). The main cause of
this disease is the predominance of bone resorption processes over bone formation
(ossification). In the postmenopausal age, this disease is called type 1 involutional
osteoporosis. It is associated with 17p estradiol deficiency that decreases bone mineral
density (Opala andRabiega-Gmyrek, 2016). This results in bone mass loss and inhibition of
the microdamage repair process. This is associated with an increased risk of osteoporotic
fractures (Janiszewska et al., 2015).

Osteoporosis is a disease without significant symptoms. Clinical symptoms manifest
as a consequence of fractures. In the postmenopausal period, the spinal vertebrae and the
femoral neck are mainly affected. These fractures are described as low-energy ones due to
their occurrence as a result of a minor injury that would not normally cause such severe

consequences (Janiszewska et al., 2015 A; Opala et al., 2016).

4.5. Neoplastic diseases

Malignant neoplasms usually require a long latency period to fully develop. This
period begins with the first exposure to a carcinogen. Healthy cells turn into cancer cells
through the process of genetic mutation (DNA changes). Cancer also occurs due to
spontaneous mutations, caused by a genetic predisposition. Before the first clinical
symptoms occur, however, the pathologically altered cell goes through a system of defense
genes, ultimately leading to persistent mutations and the development of a full-blown
tumorigenesis. Therefore, the risk of cancer increases with age due to the prolonged effect of
mutagenic agents on the aging body (Zatonski et al., 2015). The postmenopausal age is a
particularly vulnerable period for carcinogenesis. Breast cancer, colorectal cancer and lung
cancer are most commonly observed neoplasms in Polish women (Ostrowska., 2015 A). The
most common gynaecological cancers include endometrial cancer, ovarian cancer, cervical
cancer and, the least common, vulvar cancer (Singh et al., 2017).

Breast cancer is a major public health problem worldwide, especially in wealthy
countries. The disease is most commonly diagnosed in the 50-69 age group (Szkiela et al.,

2014). Major risk factors include early menarche and late menopause, confirming a hormone-
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dependent type of cancer. It is believed that long-term hormone replacement therapy (HRT)
may also contribute, albeit slightly, to the disease. Furthermore, anti-health behaviours such
as strong alcohol consumption and low physical activity are considered important
pathogenic factors. The impact of mutations in the BRCA1 and BRCA2 genes is also fully
recognised (Szkiela et al., 2014). Furthermore, tall and obese women or those who have
experienced significant weight gain may be at risk (Jaworski et al., 2015). The most important
clinical sign of cancer is a hard and usually painless tumor, irregular in outline and with a
demarcation line around nearby tissues. Cancer may also be accompanied by dermatological
lesions, i.e. redness, peau d'orange (orange peel skin), retraction of skin and swelling
(Piaszczyk et al., 2015). The chance of making a full recovery depends on various factors, i.e.
a histological type, tumour grade, tumour size, existing lymph node metastases and a
hormonal status of the tumour (Bobek-Billewicz et al., 2014). The high mortality rate in breast
cancer is mainly due to its relapse after therapeutic interventions. The tumour recurrence
occurs due to the spread of local and/or disseminated residual cancer cells that have
survived treatment - minimal residual disease (Havas et al., 2017).

Genital bleeding episodes in postmenopause raise suspicions of neoplastic lesions
taking place within the endometrium (Inal et al, 2017, Munro et al., 2014). The
etiopathogenesis of endometrial cancer is not fully understood. It is thought that
hyperestrogenism may be the cause of oncologic lesions within the endometrium. People
with genetic mutations are more likely to get the disease. Endometrial cancer may be
associated with Lynch syndrome and hereditary nonpolyposis colorectal cancer syndrome
(Colombo et al., 2015). Most women suffering from endometrial cancer live in highly
developed countries, where menopause occurs later. Therefore, these women experience a
longer estrogenic effect on their genital organs. Endometrial cancer is usually diagnosed
around 60 years of age. Major risk factors, in addition to early menarche, late menopause and
genetic factors, include diabetes and obesity (Szubert et al, 2014; Tang et al, 2017; Wilczynski
et al, 2015).

There are two types of endometrial cancer, i.e. type I (estrogen-dependent)
endometrial cancer and type 2 (estrogen-independent) endometrial cancer. Type 1
endometrial cancer is the most common and it usually has a benign course. The affected
woman has every chance of making a full recovery (Markowska et al., 2015). Early-stage
endometrial cancer, limited only to the endometrial stripe, is nearly 80% of all cases and a
five-year survival rate is very high (Bendifallah et al., 2015).

Ovarian cancer has the highest mortality rate out of all gynaecological cancers (Jayson
et al.,, 2014; Niemi et al., 2017). It particularly affects female residents of developed countries
[Siegel et al., 2015]. The greatest increase in ovarian cancer incidence is observed after 50
years of age. Currently, there are no screening tests for ovarian cancer due to the lack of

identified precancerous stages and the lack of sufficiently sensitive and specific biomarkers.
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Advances in treatment yield only marginal differences in terms of overall survival
(McAlpine et al., 2014). The ovarian cancer exhibits high invasiveness (Li et al., 2017). Its
aggressive development and untypical symptoms mean that it is usually diagnosed at its
advanced stage - stage III-IV according to the FIGO staging system. At this stage, complete
recovery is very difficult (Schiiler-Toprak et al., 2017). The vast majority of cancers are
epithelial in nature, and their earliest evidence is usually found in the fimbriae of the uterine
tube. Risk factors include hereditary breast and ovarian cancer syndromes, mutations in the
BRCA1 and BRCA2 genes, Lynch syndrome, childlessness, ovarian hyperstimulation and
failed IVF (in vitro fertilisation) attempts. The diagnosis may be preceded by non-specific
dyspeptic symptoms of several months' duration, i.e. abdominal pain and bloating (Jayson et
al., 2014).

Cervical cancer is still the leading cause of cancer-related mortality in women
worldwide. Given the morbidity and several year survival time, Poland is in the lead among
highly developed countries. This disease affects women aged 45-64 years on average
(Stanislawska et al.,, 2016). The main cause of cervical cancer is chronic HPV infection
(human papillomavirus). Risk factors include early sexual initiation, multiple children,
promiscuity (engaging in sexual activity frequently with different partners), heavy smoking
and low socioeconomic status (Nowak-Markwitz, 2016). Early-stage cervical cancer is
asymptomatic (Ashtarian et al., 2017). Women with advanced cervical cancer may suffer
from bleeding from the reproductive organs and vaginal discharge with an unpleasant
odour. Cervical cancer is one of the few cancers that can be effectively prevented through
screening. This cancer has long-term development and well-described precancerous stages
(Palucka et al., 2017).

Vulvar cancer of is one of the least common cancers of the reproductive organs.
However, the vulvar cancer incidence increases with age. The mean age of onset is 52 years
of age (Singh et al.,, 2017). There are several histological types of vulvar cancer, with
squamous cell carcinoma as the most common (Alkatout et al., 2015). The affected area is the
labia majora (Singh et al., 2016). The full recovery is very possible if this cancer is diagnosed
at its early stage - this greatly reduces the disease progression. A significant aspect of
medical care in vulvar cancer patients is to determine the most conservative treatment
possible. During the recovery process, women often require psychosexual support (Alkatout
et al., 2015).

Summary

The issues discussed highlight the complexity of postmenopause and its serious

implications for women's physical and mental health. The knowledge of biological and
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environmental mechanisms of postmenopause should contribute to increased medical

personnel's concern for the health of women during menopausal transition.
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