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ABSTRACT
The study involved clinical and laboratory examination of  54 women with vasomotor 
menopausal disorders divided into 3 subgroups depending on the duration of  symptoms 
(not more than 12 months, about 3 years, from 5 to 7 years). The control group included 
21 patients without vasomotor disorders during the menopausal period. Data from the 
general and obstetric-gynecological anamnesis and the results of  objective and general 
clinical examinations were analyzed. To assess the state of  intestinal microbiocenosis 
in patients, a bacteriological study of  feces was used according to modern methods. 
In women with menopausal vasomotor disorders, chronic arterial hypertension, over-
weight, diabetes mellitus, chronic enterocolitis, and chronic pyelonephritis prevailed 
among somatic diseases. The study also revealed that these patients had a pronounced 
imbalance of  the intensive microbiota, which was characterized by a significant decrease 
in the main representatives of  the obligate microflora (Bifidobacterium, Lactobacillus) 
and an increase in the number of  opportunistic strains (Klebsiella and Clostridiodes 
difficile). Considering modern concepts, a change in the microbial composition of  the 
intestine may be one of  the possible trigger factors for the occurrence of  vasomotor 
menopausal disorders. Further research will clarify the influence of  the microbiome on 
the formation of  the pathological menopausal symptom complex and improve the pre-
ventive and therapeutic measures in this category of  women.
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INTRODUCTION

The climacteric period is a physiological period in a woman’s life, corresponding to the transition from the reproductive phase to post 
menopause. According to the generally accepted concept, significant transformations occur in the functioning of  the hypothalamic-pi-
tuitary-gonadal axis during this stage, against the background of  general age-related changes in the body [1, 2]. Thus, according to 
the data of  numerous research, involutive processes in the female reproductive system are accompanied by a progressive increase in 
the level of  follicle-stimulating hormone (FSH), a decrease in the concentrations of  estradiol (E2), anti-mullerian hormone, and inhibin 
B, which is caused by gradual depletion of  the ovarian follicular reserve, a decrease in the frequency of  the ovulatory cycles, accelera-
tion of  follicular atrophy and atresia, as well as a decrease in the expression of  receptors to gonadotropins (FSH, luteinizing hormone  
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(LH)) [3, 4]. It should be noted that melatonin, synthesized in the pineal gland, also plays an important regulatory part in the genesis of  
menopause. This hormone is known to be a regulator which, being extremely sensitive to structural and metabolic transformations in 
the reproductive system, ensures the effective functioning of  the hypothalamic-pituitary-ovarian relations [5, 6]. 

Currently, the criteria for Stages of  Reproductive Aging Workshop, STRAW+10, was improved, implemented, and successfully used by 
researchers and practitioners to clearly distinguish the stages of  functioning of  the female reproductive system [7–9]. Thus, the life of  an 
adult woman is divided into three main periods: reproductive, menopausal transition, and postmenopause. These three long-term life 
cycles, in turn, are subdivided into ten stages, with the zero point being the date of  the last menstrual period (stage 0). Thus, according to 
STRAW+10, the female reproductive period is divided into -5 (early), -4 (peak), -3b and -3a (late) stages, the transition period includes 
stage -2 (early) and stage -1 (late). The postmenopausal period is divided into 4 stages: +1a, +1b, +1c (early) and 2 (late). It should be 
noted that the period of  perimenopause includes -2, -1, and + 1a stages.

The accepted staging of  the female reproductive activity and the recommended diagnostic references, namely principal criteria, sup-
portive criteria, descriptive characteristics, are based on long-term and multicenter cohort studies. It is very important to note that the 
characteristics of  the menstrual cycle (menstrual bleeding) presented in STRAW+10, the quantitative parameters of  the main biomark-
ers of  the ovarian reserve (FSH, anti-mullerian hormone, inhibin B, antral follicle count), as well as the dominant clinical symptoms of  
menopause, are recommended taking into account their applicability to women with different body mass index, lifestyle and health con-
ditions. It means that STRAW+10 is focused not only on healthy women but also on patients suffering from various chronic somatic dis-
eases and endocrine disorders, with multi-vector direct and indirect effects on the fertility potential and hormonal balance in the body. 

The following observation is of  great interest: if  the age of  75 years, which is the average life expectancy of  a modern woman, is taken 
as 100%, then the duration of  periods of  various functional activity of  the reproductive system can be expressed in approximately the 
following numbers: prepubertal period – 16%, reproductive – 44%, perimenopausal – 7%, postmenopausal – 33% [10–12]. That is, 
the menopausal period is not the end of  life but the beginning of  a new and, undoubtedly, important stage for a woman. In a way, it 
becomes a particular “exam” for the body, which gradually “tests” the adaptive potential of  all organs and systems without exception 
in response to significant and long-term changes in metabolic balance and hormonal ratios. And it is the general well-being, cognitive, 
physical, and social activity of  a woman during this period of  her life that are the most striking indicators of  spent youth and maturity. 

Menopause, a natural phenomenon in a woman’s life, can sometimes acquire the features of  a pathological condition that significantly 
disturbs the course of  everyday life, psycho-emotional comfort, harmonization of  interactions in the professional environment and 
society, that is, reducing the quality of  life in general [13, 14]. 

From up-to-date positions, pathological menopause is characterized by an extensive range of  clinical symptoms, the severity of  which 
is very individual and variable [15]. Usually, pathological menopausal manifestations are divided into psychopathological, vasomotor, 
general physical, urogenital, and sexual. Likewise, menopausal disorders can be divided into early-term, the most common of  which are 
vasomotor manifestations (hot flashes, night sweats, headaches, chills, fluctuations in blood pressure, heart palpitations), medium-term, 
characterized by atrophic changes in the skin and urogenital tract, and late, including such metabolic disorders as atherosclerosis and 
osteoporosis [16–19].

Currently, researchers and clinicians have collected evidence showing that women with menopausal psycho-emotional disorders and se-
vere vasomotor manifestations have a highly unfavorable cardiovascular risk profile [20, 21]. Thus, the results of  large-scale meta-analy-
ses showed that there was a decrease in blood flow-mediated vascular dilatation due to endothelial dysfunction in this category of  wom-
en, an increase in calcification of  the large vessels, a thickening of  the vascular intima with an increase in the rigidity of  the vascular 
wall, an increase in blood viscosity, the risk of  the formation of  diastolic dysfunction of  the left ventricle significantly increased (a marker 
of  changes in intracardiac hemodynamics), the occurrence of  atrioventricular and intraventricular conduction disorders, ventricular 
extrasystoles (single, such as bigeminy or trigeminy), which ultimately was accompanied by the development of  isolated arterial hyper-
tension, cardiomyopathy, coronary artery disease, and ischemic stroke compared with their peers without these manifestations [22, 23]. 

In most women, psycho-emotional and vasomotor manifestations occur almost simultaneously in 25% – in 3–6 months [24]. As a rule, 
pathological psycho-emotional symptoms develop during the menopausal transition, while vasomotor disorders more often become 
dominant within 12 months after menopause and last on an average up to 7 years [25]. 

Estrogen deficiency is not the main trigger factor in the formation of  pathological menopausal manifestations. To date, the clinical 
diversity of  the menopausal symptom complex is explained by multi-vector effects on the body, among which the key ones are genetic 
factors, cultural traditions, dietary characteristics, the degree of  physical activity, the use of  certain drugs, as well as the psycho-emo-
tional attitude of  a woman to her new life [26, 27]. 

It should also be emphasized that a certain part in the pathophysiology of  dyshormonal disorders in the body can be played by quali-
tative and quantitative changes in the intestinal microbiota [28]. For example, it was found that in intestinal dysbiosis, there was a dis-
order in the transmission of  sensory information from the intestine to the central structures of  the brain (cerebral cortex) due to altered 
expression of  the mucous membrane receptors, hypercatecholaminemia, and activation of  the sympathetic part of  the autonomic 
nervous system. This leads to increased secretion of  biological substances such as serotonin, histamine, kinins etc, which in turn cause 
“neuro-endocrine-mediator chaos” hypothalamic-pituitary-adrenal dysfunction, affecting the visceral, sensory, and motor functions of  
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the whole organism [29, 30]. Thus, our study aimed to identify the features of  the intestinal microbiota in women with menopausal 
vasomotor disorders. 

MATERIAL AND METHODS 

We performed clinical and laboratory examinations of  75 women aged 49–56 years. Participants were divided into 2 groups. Group I 
included 54 patients complaining of  vasomotor menopausal disorders (hot flashes, night sweats, headaches, chills, fluctuations in blood 
pressure, palpitations). Depending on the duration of  the vasomotor symptoms, this group was divided into 3 subgroups: 

• Ia (n=20) – duration of  the vasomotor menopausal symptoms is not more than 12 months;
• Ib (n=18) – duration of  the vasomotor menopausal symptoms is about 3 years;
• Iс (n=16) – duration of  the vasomotor menopausal symptoms is 5 to 7 years.

Group II (control group) included 21 patients in whom the menopausal period proceeded without vasomotor disorders. 

Data from general and obstetric-gynecological anamnesis were studied and thoroughly analyzed; a comprehensive objective and gen-
eral clinical examination were carried out following the requirements of  modern clinical protocols. 

The state of  intestinal microbiocenosis was assessed by bacteriological examination of  feces. The content of  the main representatives 
of  obligate microflora was determined (Bifidobacterium, Lactobacillus, Escherichia coli with normal enzymatic activity, Foecal strepto-
cocci, Bacteroides) as well as facultative (opportunistic) microorganisms (pathogenic strains of  E. Staphylococcus epidermidis, Candida 
albicans). All examined patients followed a certain diet, excluding food products that promoted fermentation in the intestine and alcohol 
and drugs (antibiotics) 3 days before sampling. From the moment of  the last meal and the collection of  stool samples, at least 10 hours 
passed. Samples were placed in sterile glassware and delivered to the laboratory within 2 hours. The interval between sampling of  bio-
material and the beginning of  culturing did not exceed 3–4 hours. A portion of  feces (0.5–1.0 g) was added to a sterile, pre-weighed test 
tube, and after re-weighing, the weight of  the sample was determined. After a series of  successive dilutions, inoculations were carried 
out on various nutrient media. The quantitative accounting of  grown microorganisms was carried out by calculating 1 g of  feces, con-
sidering the dose of  the inoculated material and the degree of  its dilution. To process the study results, we used the method of  variation 
statistics and nonparametric methods using the programs Excel 2000 and StatisticaforWindows v.6.0. 

RESULTS

We performed a thorough analysis of  concomitant somatic pathology in both groups (Table 1) and identified some interesting features 
and patterns. Arterial hypertension among patients in group I was observed 3.3 times more often than in the control group. At the 
same time, increased arterial pressure was most frequently observed among women in Ia (40.0%) and Ic groups (37.5%), in whom the 
duration of  vasomotor menopausal symptoms was not more than 12 months and about 5–7 years, respectively. In patients from group 
Ib, increased arterial pressure was recorded in 16.7% of  women, 2.2–2.4 times less often. It is quite possible that this kind of  “scissors 
symptom” can be explained by a sharp decrease in the “protective” effect of  endogenous estrogens in the mechanisms of  arterial pres-
sure regulation in women during early postmenopause (stage + 1a), followed by a period of  adaptation of  the cardiovascular system to 
new hormonal ratios in the body. An increased hypertension frequency was observed again during late postmenopause (stage +2) due 
to persistent and pronounced hypoestrogenism. This observation may be the basis for a furthermore in-depth study of  the mechanisms 
of  arterial pressure fluctuations in women in the perimenopausal and postmenopausal periods.

In addition, being overweight, diabetes mellitus, chronic enterocolitis, and chronic pyelonephritis in women with menopausal vasomo-
tor disorders were more frequently observed than in the control group. Thus, when analyzing concomitant somatic pathology, it can 
be concluded that arterial hypertension, metabolic diseases such as obesity and diabetes mellitus, as well as chronic enterocolitis and 
urinary tract infections significantly complicate the clinical course of  the perimenopause and postmenopausal period. 

The next stage of  our study was the investigation and comparison of  the results of  feces bacteriological examination in patients in the 
menopausal period (Table 2). 

Certain differences and patterns were identified in the composition of  the intestinal microbiocenosis. For example, a significant de-
crease in bifidobacteria and lactobacilli was observed in women with vasomotor disorders, compared with those in whom the meno-
pausal period had no complications. In patients from the control group (group II), these indicators were (49.74±6.28)×108 and 
(21.23±5.32)×106, respectively. In subgroup Ia, the content of  Bifidobacterium was at the level of  (29.71±6.78)×108 (pIa-II=0.037), 
Lactobacillus – (8.54±1.81)×106 (pIa-II=0.030), subgroup Ib – (30.55±4.84)×108 (pIbII=0.021), (7.86±1.55)×106 (pIb-II=0.021), re-
spectively. In subgroup Ic, where the duration of  vasomotor menopausal symptoms ranged from 5 to 7 years, had the most pro-
nounced decrease in Bifidobacterium and Lactobacillus – (10.95±2.34)×108 (pIc-II<0.01), (4.56±0.71)×106 (pIc-II<0.01). In addi-
tion, the women with a complicated course of  menopause had a significant increase in such opportunistic bacteria as Klebsiella and 
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Somatic diseases

Group I, n=54
Group II, n=21

Subgroup Ia, n=20 Subgroup Ib, n=18 Subgroup Ic, n=16

abs. % abs. % abs. % abs. %

Arterial hypertension 8 40.0 3 16.7 6 37.5 2 9.5

Coronary artery disease - - - - 1 6.3 - -

Iron-deficiency anemia 5 25.0 4 22.2 3 18.8 3 14.3

Bronchial asthma - - 1 5.6 - - 2 9.5

Dyshormonal diseases of 
the mammary glands 6 30.0 5 27.8 2 12.5 4 19.0

Hyperthyroidism 2 10.0 - - 1 6.3 1 4.8

Thyroiditis 1 5.0 - - - - - -

BMI>25 kg/m2 6 30.0 6 33.3 5 31.3 3 14.3

Diabetes mellitus 3 16.0 2 11.1 2 12.5 1 4.8

Chronic enterocolitis 5 25 4 22.2 5 31.3 1 4.8

Chronic pyelonephritis 1 5.0 - - 4 25.0 1 4.8

Chronic glomerulonephritis - - - - 2 12.5 - -

Chronic venous insufficiency 4 20 3 16.7 4 25 5 23.8

Table 1. Concomitant somatic diseases of patients with climacteric vasomotor disorders (subgroup Ia, Ib, Ic) and women in the control 
group (group II).

Microorganisms
Group I, n=54

Group II, n=21
Subgroup Ia, n=20 Subgroup Ib, n=18 Subgroup Ic, n=16

Bifidobacterium, (×108)

29.71±6.78
(pIa-Ib=0.92)
(pIa-Ic=0.013)
(pIa-II=0.037)

30.55±4.84
(pIb-Ic<0.01)
(pIb-II=0.021)

10.95±2.34
(pIc-II<0.01) 49.74±6.28

Lactobacillus, (×106)

8.54±1.81
(pIa-Ib=0.777)
(pIa-Ic=0.049)
(pIa-II=0.030)

7.86±1.55
(pIb-Ic=0.062)
(pIb-II=0.021)

4.56±0.71
(pIc-II<0.01) 21.23±5.32

Bacteroides, (×108)

25.22±5.62
(pIa-Ib=0.801)
(pIa-Ic=0.413)
(pIa-II=0.761)

27.48±6.90
(pIb-Ic=0.324)
(pIb-II=0.948)

19.70±3.56
(pIc-II=0.333) 28.17±7.85

Foecal streptococci, (×106)

0.64±0.13
(pIa-Ib=0.110)
(pIa-Ic=0.074)
(pIa-II=0.254)

0.35±0.12
(pIb-Ic=0.583)
(pIb-II=0.526)

0.23±0.18
(pIc-II=0.293) 0.45±0.10

Enterococcus faecium, (×106)

37.24±7.64
(pIa-Ib=0.863)
(pIa-Ic=0.465)
(pIa-II=0.338)

39.01±6.78
(pIb-Ic=0.343)
(pIb-II=0.398)

29.50±7.17
(pIc-II=0.098) 48.19±8.32

Table 2. The content of intestinal microorganisms in 1 g of feces in the patients with climacteric vasomotor disorders (subgroup Ia, Ib, Ic) 
and women in the control group (group II).
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Clostridiodes difficile. So, in group II, Klebsiella indicators were within (0.57±0.09)×105, Clostridiodes difficile – (0.19±0.04)×105, 
in subgroup Ia – (1.63±0.39)×105 (pIa-II=0.012), (0.49±0.07)×105 (pIa-II<0.01), subgroup Ib – (2.05±0.54)×105 (pIb-II=0.010), 
(0.82±0.11)×105, (pIb-II<0.01), subgroup Iс – (2.18±0.48)×105 (pIc-II=0.002) and (1.34±0.40)×105 (pIc-II<0.01), respectively.

DISCUSSIONS

Our study revealed that the development of  vasomotor climacteric disorders was accompanied by an imbalance of  the intestinal mi-
crobiota, which was characterized by a significant decrease in the main representatives of  the obligate microflora (Bifidobacterium, 
Lactobacillus) and an increase in the number of  strains of  such opportunistic microorganisms as Klebsiella and Clostridiodes difficile. It 
is important to emphasize that the most frequent cause of  an increase in the proportion of  these opportunistic bacteria in the intestinal 
microbiota is antibiotic therapy with clindamycin, third generation cephalosporins, penicillins, and fluoroquinolones [31, 32]. There-
fore, it is possible to assume that women suffering from chronic infectious diseases may be at risk of  forming a pathological menopausal 
symptom complex. This dependence was shown in our study. In turn, overgrowth of  Klebsiella and Clostridiodes difficile can cause the 
development of  antibiotic-associated pseudomembranous colitis [33, 34].

Microorganisms
Group I, n=54

Group II, n=21
Subgroup Ia, n=20 Subgroup Ib, n=18 Subgroup Ic, n=16

Escherichia coli with normal 
enzymatic activity, (×106)

15.21±8.16
(pIa-Ib=0.687)
(pIa-Ic=0.952)
(pIa-II=0.077)

19.98±8.44
(pIb-Ic=0.602)
(pIb-II=0.185)

14.60±5.76
(pIc-II=0.034) 34.91±7.14

Escherichia coli with 
reduced enzymatic  
activity, (×106)

29.74±5.21
(pIa-Ib=0.294)
(pIa-Ic=0.584)
(pIa-II=0.031)

21.18±6.12
(pIb-Ic=0.708)
(pIb-II=0.380)

24.78±7.29
(pIc-II=0.235) 14.50±4.36

Staphylococcus 
epidermidis, (×104)

0.90±0.22
(pIa-Ib=0.566)
(pIa-Ic=0.333)
(pIa-II=0.780)

0.76±0.10
(pIb-Ic=0.109)
(pIb-II=0.292)

1.25±0.28
(pIc-II=0.423) 0.98±0.18

Klebsiella, (×105)

1.63±0.39
(pIa-Ib=0.532)
(pIa-Ic=0.380)
(pIa-II=0.012)

2.05±0.54
(pIb-Ic=0.858)
(pIb-II=0.010)

2.18±0.48
(pIc-II=0.002) 0.57±0.09

Enterobacter, (×103)

2.54±0.53
(pIa-Ib=0.760)
(pIa-Ic=0.489)
(pIa-II=0.824)

2.76±0.48
(pIb-Ic=0.661)
(pIb-II=0.966)

3.10±0.60
(pIc-II=0.816) 2.81±1.08

Citrobacter, (×103)

1.73±0.42
(pIa-Ib=0.594)
(pIa-Ic=0.728)
(pIa-II=0.700)

1.47±0.24
(pIb-Ic=0.460)
(pIb-II=0.930)

2.01±0.68
(pIc-II=0.525) 1.51±0.38

Clostridiodes difficile, (×105)

0.49±0.07
(pIa-Ib=0.016)
(pIa-Ic=0.044)
(pIa-II<0.01)

0.82±0.11
(pIb-Ic=0.219)
(pIb-II<0.01)

1.34±0.40
(pIc-II<0.01) 0.19±0.04

Proteus, (×103)

1.08±0.19
(pIa-Ib=0.192)
(pIa-Ic=0.569)
(pIa-II=0.562)

0.80±0.09
(pIb-Ic=0.109)
(pIb-II=0.646)

1.27±0.27
(pIc-II=0.309) 0.91±0.22

Candida albicans, (×104)

0.53±0.17
(pIa-Ib=0.488)
(pIa-Ic=0.230)
(pIa-II=0.725)

0.68±0.13
(pIb-Ic=0.463)
(pIb-II=0.188)

0.87±0.22
(pIc-II=0.099) 0.46±0.10

Table 2. Continued.
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At present, many researchers identified some mechanisms of  interaction of  the central, peripheral nervous system, and gastrointestinal 
tract in their clinical and experimental work. The gastrointestinal tract, inhabited by a large group (about 1000) of  various bacteria in a 
symbiotic relationship, creates a unique and highly individual biosphere in the body [35]. Microbial populations in the intestine synthe-
size folic acid, vitamin K2 (Menaquinone), vitamins B1 (Thiaminpyrophosphate), B2 (Flavinadenine dinucleotide, Flavin mononucle-
otide), B3 (Nicotinic acid, Nicotinamide), B5 (Free pantothenic acid), B6 (Pyridoxal phosphate), B7 (Free Biotin), B9 (Tetrahydrofolate), 
B12 (Cyanocobalamin), metabolites of  short-chain fatty acids (acetate, propionate, and butyrate), stimulate the absorption of  calcium, 
magnesium, iron, vitamin D [36, 37]. That is, the intestine also performs a significant immuno-hormonal function in the body except 
for hydrolysis of  food products, absorption of  substrates, excretory and detoxification function, which in current thinking is carried 
out and regulated by interactive communication between the vagus and enteric nervous system – the largest and most difficult part of  
the peripheral nervous system, which is recently actively studied [38]. The most important components of  the enteric nervous system 
are plexus myentericus (Auerbach’s plexus), plexus submucosal (Meissner’s plexus), plexus subserous, enteric glial cells (EGCs), and 
Enterochromaffin cells (EC cells), which form a kind of  collector of  afferent information from internal organs to the central nervous 
system [39]. This interaction is carried out using more than 30 neurotransmitters known to date, endocrine mediators, metabolites 
(short-chain fatty acids), food amino acids etc [40, 41]. Therefore, according to modern scientific views and microbiota theories, the 
vagus nerve and the enteric nervous system are fundamental and equally important components of  the intestine-brain axis, which plays 
a significant part in the immune, hormonal and neuroendocrine status of  the body throughout life [42, 43]. Thus, a change in the mi-
crobial composition of  the intestine can play an important part in the pathophysiology of  the menopausal period. These aspects open 
a new page in the study of  possible risk factors and trigger points in menopausal disorders and complications. Conducting research in 
this area with more strict sampling will clarify the direction of  such changes in the microbiome, and it is quite possible that these may 
radically change the vector of  diagnostic search, and accordingly, preventive and therapeutic measures.

CONCLUSIONS

Today, the formation of  the pathological menopausal symptom complex can be viewed from the standpoint of  dysfunction of  the axis 
“Microbiota-intestine-brain”. The study investigated that imbalance of  the intestinal microbiota, which was characterized by a signifi-
cant decrease in the main representatives of  the obligate microflora (Bifidobacterium, Lactobacillus) and an increase in the number of  
conditionally pathogenic micro-organisms strains (Klebsiella and Clostridiodes difficile), could be one of  the possible trigger factors for 
the occurrence of  vasomotor menopausal disorders.

ACKNOWLEDGMENTS

Conflict of Interest
The authors confirm that there are no conflicts of  interest.

Ethical approval 
The study was approved by the Meeting of  the Bioethics Commission of  I. Horbachevsky Ternopil National Medical University of  the 
Ministry of  Health of  Ukraine (excerpt from protocol No. 66/November 01/2021).

Consent to participate
Written informed consent was obtained from the participants in the study.

Data availability
The data of  this study is available by request.

Authorship
OM was responsible for the clinical management of  the patients and the drafting of  the manuscript. KM contributed to the methodol-
ogy. SM contributed to conceptualizing. SV contributed to editing the manuscript. MS contributed to the data analysis and conducted 
the statistical analysis.

REFERENCES

1. Edwards BJ, Li J. Endocrinology of  menopause. 
Periodontol 2000. 2013;61(1):177-94.  
doi: 10.1111/j.1600-0757.2011.00407.x.

2. Taneja C, Gera S, Kim SM, Iqbal J, et al.  
FSH-metabolic circuitry and menopause. J Mol Endocrinol. 
2019;63(3):R73-R80. doi: 10.1530/jme-19-0152.

3. Johnson A, Roberts L, Elkins G. Complementary and 
alternative medicine for menopause.  
J Evid Based Integr Med. 2019;24:2515690X19829380.  
doi: 10.1177/2515690X19829380.

4. Gracia CR, Freeman EW. Onset of  the menopause 
transition: the earliest signs and symptoms. Obstet Gynecol 
Clin North Am. 2018;45(4):585-597. 
doi: 10.1016/j.ogc.2018.07.002.

5. Greendale GA, Witt-Enderby P, Karlamangla AS, 
Munmun F, et al. Melatonin patterns and levels during the 

human menstrual cycle and after menopause. J Endocr Soc. 
2020;4(11):bvaa115. doi: 10.1210/jendso/bvaa115.

6. Pines A. Circadian rhythm and menopause. Climacteric. 
2016;19(6):551-552. doi: 10.1080/13697137.2016.1226608.

7. Harlow SD, Gass M, Hall JE, Lobo R, et al. Executive 
summary of  the Stages of  Reproductive Aging  
Workshop + 10: addressing the unfinished agenda of  
staging reproductive aging. J Clin Endocrinol Metab. 
2012;97(4):1159-68. doi: 10.1210/jc.2011-3362. 



© 2022 JOURNAL of  MEDICINE and LIFE. VOL: 15 ISSUE: 2 FEBRUARY 2022 240

JOURNAL of MEDICINE and LIFE

8. Burger HG. The stages of  reproductive aging as proposed 
by workshops held in 2001 and 2010 (STRAW and 
STRAW+10): a commentary. Climacteric. 
2013;16 Suppl 1:5-7. doi: 10.3109/13697137.2013.798769. 

9. Soules MR, Sherman S, Parrott E, Rebar R, et al. 
Executive summary: Stages of  Reproductive Aging 
Workshop (STRAW) Park City, Utah, July, 2001. Menopause. 
2001;8(6):402-7. doi: 10.1097/00042192-200111000-00004.

10. Minkin MJ. Menopause: hormones, lifestyle, and optimizing 
aging. Obstet Gynecol Clin North Am. 2019;46(3):501-514.  
doi: 10.1016/j.ogc.2019.04.008. Epub 2019 Jun 21.

11. Magraith K, Stuckey B. Making choices at menopause. 
Aust J Gen Pract. 2019;48(7):457-462.  
doi: 10.31128/AJGP-02-19-4851.

12. Bacon JL. The menopausal transition.  
Obstet Gynecol Clin North Am. 2017;44(2):285-296.  
doi: 10.1016/j.ogc.2017.02.008.

13. Schneider HPG, Birkhäuser M. Quality of  life in 
climacteric women. Climacteric. 2017;20(3):187-194.  
doi: 10.1080/13697137.2017.1279599.

14. Gava G, Orsili I, Alvisi S, Mancini I, et al. Cognition, 
mood and sleep in menopausal transition: the role of  
menopause hormone therapy. Medicina (Kaunas). 
2019;55(10):668. doi: 10.3390/medicina55100668.

15. Paciuc J. Hormone Therapy in Menopause.  
Adv Exp Med Biol. 2020;1242:89-120.  
doi: 10.1007/978-3-030-38474-6_6.

16. El Hajj A, Wardy N, Haidar S, Bourgi D, et al. 
Menopausal symptoms, physical activity level and quality of  
life of  women living in the Mediterranean region. PLoS One. 
2020;15(3):e0230515. doi: 10.1371/journal.pone.0230515.

17. Monteleone P, Mascagni G, Giannini A, Genazzani AR,  
Simoncini T. Symptoms of  menopause - global prevalence, 
physiology and implications. Nat Rev Endocrinol. 
2018;14(4):199-215. doi: 10.1038/nrendo.2017.180.

18. Santoro N. Perimenopause: from research to practice.  
J Womens Health (Larchmt). 2016;25(4):332-9.  
doi: 10.1089/jwh.2015.5556.

19. Mykhailovska NS, Stetsiuk IO, Kulynych TO, 
Gorbachova SV, Zhulkevych IV. The interrelationship of  
bone and cardiovascular remodeling biomarkers and clinical 
peculiarities of  coronary artery disease in postmenopausal 
women. Reumatologia. 2020;58(3):142-149.  
doi: 10.5114/reum.2020.96687.

20. Newson L. Menopause and cardiovascular disease.  
Post Reprod Health. 2018 Mar;24(1):44-49. 
doi: 10.1177/2053369117749675.

21. El Khoudary SR, Thurston RC. Cardiovascular 
implications of  the menopause transition: endogenous sex 
hormones and vasomotor symptoms. Obstet Gynecol Clin 
North Am. 2018;45(4):641-661.  
doi: 10.1016/j.ogc.2018.07.006.

22. Biglia N, Cagnacci A, Gambacciani M, Lello S, et al.  
Vasomotor symptoms in menopause: a biomarker of  
cardiovascular disease risk and other chronic diseases? 
Climacteric. 2017;20(4):306-312.  
doi: 10.1080/13697137.2017.1315089.

23. Zhu D, Chung HF, Dobson AJ, Pandeya N, et al. 
Vasomotor menopausal symptoms and risk of  cardiovascular 
disease: a pooled analysis of  six prospective studies.  
Am J Obstet Gynecol. 2020;223(6):898.e1-898.e16.  
doi: 10.1016/j.ajog.2020.06.039.

24. Jaeger MB, Miná CS, Alves S, Schuh GJ, et al. Negative 
affect symptoms, anxiety sensitivity, and vasomotor symptoms 
during perimenopause. Braz J Psychiatry.  
2020:S1516-44462020005033202.  
doi: 10.1590/1516-4446-2020-0871.

25. Avis NE, Crawford SL, Greendale G, Bromberger JT, et al.  
Duration of  menopausal vasomotor symptoms over the 
menopause transition. JAMA Intern Med. 2015;175(4):531-9. 
doi: 10.1001/jamainternmed.2014.8063.

26. Dunneram Y, Greenwood DC, Burley VJ, Cade JE. 
Dietary intake and age at natural menopause: results from the 
UK Women’s Cohort Study. J Epidemiol Community Health. 
2018;72(8):733-740. doi: 10.1136/jech-2017-209887.

27. Lay AAR, Duarte YAO, Filho ADPC. Factors associated 
with age at natural menopause among elderly women in  
São Paulo, Brazil. Menopause. 2019;26(2):211-216.  
doi: 10.1097/GME.0000000000001186.

28. Kataoka K. The intestinal microbiota and its role in 
human health and disease. J Med Invest. 2016;63(1-2):27-37. 
doi: 10.2152/jmi.63.27.

29. Spielman LJ, Gibson DL, Klegeris A. Unhealthy gut, 
unhealthy brain: The role of  the intestinal microbiota in 
neurodegenerative diseases. Neurochem Int.  
2018;120:149-163. doi: 10.1016/j.neuint.2018.08.005.

30. Sánchez B, Delgado S, Blanco-Míguez A,  
Lourenço A, et al. Probiotics, gut microbiota, and their 
influence on host health and disease. Mol Nutr Food Res. 
2017 Jan;61(1). doi: 10.1002/mnfr.201600240.

31. Dicks LMT, Mikkelsen LS, Brandsborg E, Marcotte H.  
Clostridium difficile, the Difficult “Kloster” Fuelled by 

Antibiotics. Curr Microbiol. 2019;76(6):774-782.  
doi: 10.1007/s00284-018-1543-8.

32. Beaugerie L. Antibiotic-associated diarrhea. Rev Prat. 
2008 Jun 15;58(11):1207-12.

33. McFarland LV. Antibiotic-associated diarrhea: 
epidemiology, trends and treatment. Future Microbiol. 
2008;3(5):563-78. doi: 10.2217/17460913.3.5.563.

34. Mullish BH, Williams HR. Clostridium difficile infection 
and antibiotic-associated diarrhoea. Clin Med (Lond). 
2018;18(3):237-241. doi: 10.7861/clinmedicine.18-3-237.

35. Adak A, Khan MR. An insight into gut microbiota and its 
functionalities. Cell Mol Life Sci. 2019;76(3):473-493.  
doi: 10.1007/s00018-018-2943-4.

36. Rowland I, Gibson G, Heinken A, Scott K, et al. Gut 
microbiota functions: metabolism of  nutrients and other food 
components. Eur J Nutr. 2018;57(1):1-24.  
doi: 10.1007/s00394-017-1445-8.

37. Ramakrishna BS. Role of  the gut microbiota in human 
nutrition and metabolism. J Gastroenterol Hepatol.  
2013;28 Suppl 4:9-17. doi: 10.1111/jgh.12294.

38. Furness JB, Callaghan BP, Rivera LR, Cho HJ. The 
enteric nervous system and gastrointestinal innervation: 
integrated local and central control. Adv Exp Med Biol. 
2014;817:39-71. doi: 10.1007/978-1-4939-0897-4_3.

39. Furness JB. The enteric nervous system and 
neurogastroenterology. Nat Rev Gastroenterol Hepatol. 
2012;9(5):286-94. doi: 10.1038/nrgastro.2012.32.

40. Strandwitz P. Neurotransmitter modulation by the gut 
microbiota. Brain Res. 2018;1693(Pt B):128-133.  
doi: 10.1016/j.brainres.2018.03.015.

41. Dalile B, Van Oudenhove L, Vervliet B, Verbeke K. The 
role of  short-chain fatty acids in microbiota-gut-brain  
communication. Nat Rev Gastroenterol Hepatol. 
2019;16(8):461-478. doi: 10.1038/s41575-019-0157-3.

42. Wang HX, Wang YP. Gut Microbiota-brain Axis.  
Chin Med J (Engl). 2016;129(19):2373-80.  
doi: 10.4103/0366-6999.190667.

43. Quigley EMM. Microbiota-Brain-Gut Axis and 
Neurodegenerative Diseases. Curr Neurol Neurosci Rep. 
2017;17(12):94. doi: 10.1007/s11910-017-0802-6.


