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Abstract

Osteoporosis is a civilization disease characterized by an increased risk of 
bone fractures as a result of progressive bone loss. The diagnosis of osteoporosis 
and the assessment of fracture risk are based on a medical examination, 
imaging diagnostics and laboratory tests. Identifying people at risk is a priority in 
preventive treatment, and people with already diagnosed osteoporosis require 
proper treatment. Osteoporotic fractures are the main cause of disability and 
thus a significant deterioration in the quality of life of patients, which is why the 
goals of osteoporosis treatment include the prevention of low-energy fractures 
and the overall improvement of the quality of life. Therefore, a long-term medical 
care strategy should be planned according to the individual risk of fracture for 
each patient. 

This article is an analysis of selected aspects of the principles of diagnostic 
and therapeutic procedures in osteoporosis, which due to the SARS-CoV-2 
pandemic, were partially or completely omitted, or it was not possible to 
implement them properly. 
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Introduction 
Osteoporosis is a chronic disease of the skeletal system, which 

is characterized by progressive loss of Bone mineral density (BMD) 
resulting in an increased risk of pathological fractures and eventually 
a fracture [1]. Due to the oligosymptomatic puncture, an osteoporotic 
(low energy) fracture is usually the first serious symptom of the disease 
[2]. The SARS-CoV-2 pandemic has not changed the diagnostic and 
therapeutic methods of osteoporosis, but it has contributed to a 
significant reduction in their availability. Isolation of patients due to 
the diagnosis of COVID-19, hospitalizations, and the obligation to 
quarantine, significantly distanced the possibility of a quick diagnosis 
of osteoporosis and contributed to an increase in the incidence of 
low-energy fractures [3]. The process of development of the disease is 
slow, bone tissue degradation occurs over years, so the impact of the 
two-year SARS-CoV-2 pandemic on the progression of the disease 
is not yet fully visible. However, we can already notice a significant 
decrease in the number of medical consultations and diagnostic 
tests for osteoporosis, including the basic imaging examination – 
densitometry. The consequence of this is the abandonment of therapy 
and an increase in the number of osteoporotic fractures. The growing 
percentage of older people suffering from osteoporosis is associated 
with surgical treatment, and as a result, an increase in disability 
after fractures. Using the diagnostic criterion of the World Health 
Organization (WHO), it has been estimated that currently about 200 
million people in the world suffer from osteoporosis, including 22 
millionwomen and 5.5 million men in the European Union (EU), of 
which a total of 2.1 million people are in Poland [4].

Epidemiology and Diagnosis of Osteoporosis 
In the current pandemic situation, the leading area is the possibility 

of performing diagnostic tests in general, as well as gradually 
increasing the efficiency of densitometric laboratories. It seems that 
such a scheme will allow earlier and more optimized treatment, 
and thus minimize the costs of possible hospitalizations. In Poland, 
the number of medical visits to specialist offices - orthopedists and 
rheumatologists decreased by 1/3. It was estimated that 74% of the 
population equal to 1.56 million were undiagnosed, of which about 
500,000 patients were over 80 years old. The number of densitometric 
tests performed also decreased in 2020 by about 36%, and similar 
numbers apply to hip arthroplasty procedures [5]. In a 2021 global 
study by Fuggle and colleagues entitled: ‘How has COVID-19 affected 
the treatment of osteoporosis?’ the impact of the COVID-19 pandemic 
on the treatment and diagnosis of patients with osteoporosis was 
collected and traced. It was found that 7% of specialist clinics covering 
rheumatology, endocrinology, orthopedics were closed, as was the 
case in densitometric laboratories – 5% of institutions completely 
stopped accepting patients. As a result, less than 30% of the assumed 
densitometric tests were carried out. It was shown that 43% of doctors 
had limited possibilities of conducting therapy, due to the limitation 
of patients’ access to medical services – only 20% of them held “face 
to face” medical visits, the remaining advice took place in the form 
of tele-advice (33%) and videoconferences (21%). On the basis of the 
collected and analyzed data, a negative impact on the diagnosis and 
treatment of people suffering from osteoporosis by the COVID-19 
pandemic was found, which is associated with a significant increase 
in morbidity and new low-energy fractures [6]. Immobilization 
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of patients after hip fracture and the resulting cardiopulmonary 
complications are the cause of thousands of deaths every year in the 
world [7]. Fractures of the proximal end of the femur are a significant 
health problem in the elderly, affecting about 1.5 million people a year 
worldwide. It is estimated that this figure is increasing and will affect 
2.6 million by 2025 and 4.5 million by 2050, mainly due to the ageing 
of the population [8].

The consequences of a hip fracture are severe; a third of patients 
die within the first postoperative year. The highest population 
mortality rate in the early postoperative period is recorded, reaching 
13.3% within the first 30 days after surgery [9]. Studies indicate 
numerous risk factors for early mortality after hip fracture, but the 
results are inconsistent, and the selection of specific risk predictors 
and their definition sometimes vary significantly [10].

Despite the continuous development of medicine and technology, 
and thus medical diagnostics, osteoporosis often remains undiagnosed, 
and is also associated with incomplete and unsatisfactory treatment 
of patients. Primary osteoporosis, both postmenopausal (PMO) and 
senile osteoporosis, has been a serious social problem for years and 
due to its prevalence, it is considered a civilization disease [11].  It 
occurs in the aging population of women in particular (globally over 
30% of postmenopausal women) [12]. More than 40% of them are 
expected to suffer one or more fractures of fragility over the rest of 
their lives [13]. Difficulties in the proper conduct of the diagnostic 
and therapeutic process during the COVID-19 pandemic were 
noticeable from both doctors and patients. The need for isolation 
caused by SARS-CoV-2 virus infection, lack of access to facilities, 
postponement of medical visits, thus abandoning the implementation 
of therapy in newly diagnosed people, contributed to a decrease in the 
number of prescribed drugs [14]. Currently, more and more often, 
the trend for using personalized therapies tailored to a specific patient 
is being observed. Prolonged restrictions – staying at home, and thus 
lack of exercise and a sedentary lifestyle, contributed to the increase 
in risk factors for the development of the disease, while not forgetting 
about other factors such as, for example, vitamin D3 deficiency and 
insufficient calcium supply [15]. The goal of osteoporosis treatment is 
to avoid fracture, and this consists primarily of educational activities 
aimed at preventing falls, a healthy lifestyle, calcium, and vitamin 
D3 supplementation. These methods of prevention and treatment 
should be offered primarily to people that have suffered a low-energy 
fracture, regardless of the BMD value or any other diagnostic criteria 
for osteoporosis. The pandemic situation significantly reduced the 
early and rapid diagnosis of osteoporosis, which disrupted the process 
of implementing treatment. In the case of patients after a fracture, it 
partially restricted the prevention of further osteoporotic fractures, 
while for patients who suffered a fracture before the outbreak of 
the pandemic, it is associated with a significant deterioration in the 
long-term quality of life and an increase in the mortality rate [16]. 
Osteoporotic bone fractures are not only a significant health and 
psychological problem, but due to disability of the patient, they also 
generate economic problems [17]. The lifetime risk of hip, vertebral 
and wrist fractures, estimated at 40%, is similar to the risk of coronary 
heart disease [18].

Bone densitometry (DXA) is the gold standard in the diagnosis 
of osteoporosis, although because of a lack of universal access 

to a densitometric laboratory, its relatively high cost, and a long 
waiting period for the examination, DXA is not performed on a 
large scale [19]. If appropriate osteoporosis treatment is needed, 
the density diagnostic criterion is T-score ≤ -2.5 [20]. The reference 
locations in the examination are the proximal end of the femur and 
the lumbosacral spine, although on the basis of an X-ray alone, 
compression fractures of the vertebrae can be successfully determined 
due to existing osteoporosis. Studies show a large group of fractures in 
women whose T-score is in the range from -1.0 to -2.5. i.e., it does not 
meet the criterion of osteoporosis. The T-score in this range indicate 
a state of osteopenia, which does not warrant the implementation of 
full treatment with drugs registered foran indication of osteoporosis 
according to WHO criteria [21]. Various expert positions are still 
being presented to try to expand the criteria for the diagnosis of 
osteoporosis by the T-score range including osteopenia in order to 
implement treatment and thus prevent fractures in this predisposed 
group [22]. This problem has been noticed, resulting in refreshed 
guidelines from the American Association of Clinical Endocrinology 
(AACE) and the American College of Endocrinology (ACE) [23]. 
Noting the prevalence of hip fractures in the population, it is 
important to re-systematize knowledge in the post-pandemic period 
and optimize the quality of medical care putting a strong emphasis on 
prevention, which has significantly weakened during the pandemic 
period [6]. Awareness of the disease and education of sick patients 
is an indispensable complement to pharmacological treatment 
conditioning its proper course. Individual diet selection and lifestyle 
change recommendations should be adjusted according to the degree 
of diagnosed bone mineralization changes. The problem of educating 
patients should not only be addressed and left to the discretion of 
specialist doctors, but also become a basic element of conversation 
during visits to diagnostic laboratories, in particular after visits to 
densitometric laboratories. The need to popularize the use of the 
fracture risk assessment calculator - FRAX® (Fracture Risk Assessment 
Tool) and to conduct large-scale education in the field of risk factors, 
basics of pathophysiology of the disease, dietary recommendations, 
and physical activity, is still relevant [24]. The algorithm of this 
tool calculates the probability of fracture of the proximal end of 
the femur or other significant osteoporotic fracture (clinical spine, 
hip, forearm, and humerus) over the next 10 years, considering risk 
factors. It is recommended to calculate the individualized risk of 
fractures in people 40 years of age and older and for women aged 65 
years and older to undergo routine screening for osteoporosis [25]. 
Unfortunately, the pandemic has effectively inhibited the number of 
and access to doctor’s office visits, but also has significantly slowed 
down the process of estimating the risk assessment of osteoporotic 
fracture. Research by McCloskey et al. showed that at the beginning of 
the pandemic in 2020 in Europe, the number of page views on which 
the FRAX calculator is available decreased by approximately 50%, 
which may indirectly indicate a probable decrease in the frequency 
and estimation of fracture risk [26]. In the case of patients after hip 
fracture and identification of the “weaker” side of the body, it is 
recommended to carry out an additional advanced assessment: AHA 
(Advanced Hip Analysis), Hip Axis Length (HAL), Femur Strength 
System (FIS) and Cross-Sectional Moment of Inertia (CSMI)[27]. 

In addition to the factors mentioned above, routine laboratory 
parameters can also predict disease progression and mortality. Low 
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hemoglobin, total leukocyte, and albumin counts, as well as high 
creatinine and Parathyroid Hormone (PTH) levels are associated with 
a higher likelihood of death one year after surgery in patients after 
hip fracture [28]. The potential effect of vitamin D3 (1,25(OH)2D) 
on mortality is still quite controversial. Many studies have shown an 
inverse relationship between (1.25(OH)2D) and mortality [29], while 
other studies have not shown such an association [30]. It should be 
noted that in patients infected with the SARS-CoV-2 virus and with 
vitamin D3 deficiency, an escalation of markers of the inflammatory 
response was observed, which may indirectly affect the increase in the 
mortality rate [31]. Only limited information is available on vitamin 
D3 as a potential risk factor for postoperative medical complications 
[32], as is the lack of specific information on C-reactive Plaque (CRP) 
as a potential predictor of annual mortality after hip fracture, while 
there are data showing no association between CRP and mortality at 
3 months after surgery [33].

Patients who have suffered an osteoporotic fracture have a 
higher mortality rate than people of the same age, without a fracture. 
However, it is not significant to what extent the fracture is responsible 
for this and to what extent the patient’s state of health before the 
fracture was responsible for this [34]. Patients with a fracture of the 
proximal end of the femur, and especially the elderly group, are at 
high risk of complications, including cardiac ones. Evaluation of 
brain natriuretic peptide (NT-proBNP) concentrations only partially 
allows the prediction of cardiac complications in surgical patients. 
The usefulness of this test in patients after hip surgery is not clear. 
Thus, it is important to evaluate a more accurate NT-proBNP cut-
off value excluding patients with renal insufficiency [35]. There 
are several tools to help predict complications after hip fracture 
surgery, including the American Society of Anesthesiologists (ASA) 
classification [36], American Heart Association (AHA) guidelines 
[37] and Goldman Heart Risk Index (GCRI) [38] and altered 
heart risk index (RCRI) [39]. In this case, it seems reasonable for 
orthopedic doctors and cardiologists who use these tools in practice 
to cooperate. The role of NT-terminal segment of type B natriuretic 
pro-peptide (NT-proBNP) as a predictive factor for postoperative 
cardiac complications and mortality in patients with hip fractures 
is still being discussed [40]. Elevation of the NT-terminal segment 
of type B natriuretic pro-peptide (NT-proBNP) proved to be more 
useful than the ASA classification in independent prediction of 
postoperative cardiac complications [41]. Studies, however, have also 
included patients with hip fractures and kidney dysfunction, even 
though NT-proBNP levels are known to be severely impaired by 
abnormal kidney function [42]. Therefore, there is a need for further 
evaluation of the relationship between preoperative NT-proBNP and 
cardiac complications in the immediate postoperative period after hip 
fracture surgery. Patients with renal insufficiency may be an additional 
study group to determine the degree of risk of hip fracture, primarily 
due to the high prevalence of metabolic bone disease in these patients 
[43]. Studies indicate that they are several times more susceptible to 
hip fracture than the general population [44]. Comorbidities such as 
diabetes, chronic heart disease and cancer are significant risk factors 
for mortality in all patients after hip fracture surgery. Concomitant 
bone diseases in patients with renal insufficiency are common 
and contribute to significant mortality in this group of patients,  
in addition to an independent risk factor for death, i.e., dialysis 

therapy [45]. Albumin is a negative protein of the acute phase, a 
violation of the level of albumin in the plasma disrupts all processes 
associated with filtration and penetration of water through the walls 
of blood vessels, such as the formation of urine, extracellular fluid, 
and lymph. Low levels of albumin occur with age, malnutrition, 
drugs such as corticosteroids, and also with chronic diseases (e.g., 
liver, kidneys, rheumatoid arthritis). Most studies indicate albumin is 
an acute phase reactant in response to severe illness or physiological 
stress. It is also suggested that low albumin levels are of prognostic 
importance for morbidity and mortality in patients with hip fracture. 
Albumin level control is one of the indispensable tools of laboratory 
diagnostics, facilitating surgical planning and selection of implants 
with a view to probable survival and the possible need for revision 
[46]. Most of the literature on the role of albumin in hip fracture 
comes from small clinical trials without correction for possible 
infections and disorders from the side of joint mobility. For this 
reason, the literature lacks definitive findings as to the degree of 
dependence of albumin on the level of prognosis of mortality in these 
patients. This ambiguity is reflected in clinical trials. There are some 
controversial reports of high preoperative albumin levels [47], while 
others show low levels of albumin readings, particularly in patients 
with diabetes and hip fracture [48]. Kumar and et al. indicate that 
albumin levels and lymphocyte counts (TLC) are the only clearly 
significant predictors of mortality at 12 months, and a delay of up to 4 
days after surgery does not significantly increase mortality after a year. 
Thus, the addition of preoperative albumin measurement to studies 
is a significant indicator of predicting adverse events (postoperative 
complications) and mortality in patients with hip fracture [49]. 
Therefore, it seems reasonable to develop and standardize a model for 
the precise identification of prognostic factors in patients burdened 
with risk factors for the development of osteoporosis and those with 
fracture of the proximal end of the femur. It will also increase the 
chance of determining a group of patients prone to morbidity and 
postoperative deaths in the first year after hip fractures. 

Prevention and Treatment 
Proper diagnostic of both imaging and laboratory is the first, i.e., 

the basic step to undertake pharmacological treatment and possibly 
after the fracture - surgical treatment, as the final stage determining 
the future quality of life of the patient. Identifying patients at high risk 
of early mortality is essential and it provides opportunities for better 
prognosis and adjustment of care. A simple scoring system allows 
for preoperative identification and should be used on a daily basis in 
medical practice [50]. An individualized tool for predicting fracture 
risk is the GARVAN – FRC (Garvan Fracture Risk Calculator), which 
can be used in people aged 60 years and older, to calculate the 5- and 
10-year risk of hip fracture and all low-energy fractures excluding the 
bones of the fingers and toes. Both tools can be used with or without 
considering Bone Mineral Density (BMD) [51,1,52]. Studies point 
to significant differences between practice and guidelines and show 
that more than 2/3 of patients do not receive optimal treatment as 
recommended [53,54]. They clearly indicate a high percentage of 
incorrectly diagnosed or undiagnosed and untreated Postmenopausal 
Osteoporosis (PMO) [55,56]. 

Different risk models for mortality of patients after hip 
fracture in the early postoperative period have been developed and 
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presented [57]. The Nottingham Hip Fracture (NHFS) scale shows 
the most promising results so far [58]. However, with the ageing of 
the population and the increase in fractures, there is still room for 
its unification and completion [59]. According to the NHFS, more 
than 87% of patients achieved risk values for 30-day postoperative 
mortality of 11.8% or less [60]. Precise identification of risk factors 
increases the chance of identifying patients prone to morbidity and 
postoperative deaths in the first year after hip fractures. Patient-
specific factors such as age, gender, overall health, and concomitant 
diseases, i.e., heart disease and dementia, have been identified as 
potential risk factors [9,61].

For many years, pharmacological treatment of osteoporosis has 
been based on two groups of drugs: the first antiresorption aimed at 
inhibiting the increased activity of osteoclasts, the second anabolic 
- stimulating the action of osteoblasts [62]. The gold standard 
for the treatment of osteoporosis, especially in the population of 
postmenopausal women, are Bisphosphonate (BPS) drugs, which 
have antiresorptive effects by inhibiting osteoclast activity and 
promoting their apoptosis [63]. Currently, Monoclonal Antibodies 
(mAbs) are increasingly seen as new therapeutic possibilities in the 
treatment of osteoporosis. The effectiveness of the therapy is assessed 
primarily by reducing the risk of fractures at the reference locations: 
the proximal end of the femur and the lumbar spine [64]. The 
inclusion of biological therapy - monoclonal antibodies, shows higher 
effectiveness than the standard pharmacological treatment used so 
far. The recommendations indicate the success of treatment with 
sequential therapy - first anabolic treatment, followed by treatment 
with an antiresorptive drug [65]. FRAME was the first study to show 
that starting treatment with an anabolic drug followed by a potent 
antiresorptive drug was more effective than starting antiresorption 
therapy. Patients who received romosozumab followed by denosumab 
had an 80% greater reduction in the risk of vertebral fractures in 
the second year of the FRAME study compared to the placebo-
denosumab group [66].

Current research confirms the advantage of anabolic drugs over 
the antiresorption treatment used so far, primarily on their high 
effectiveness and speed of action [67]. Meanwhile, the SARS-CoV-2 
pandemic has very visibly highlighted the lack of access to basic 
diagnostics. Many patients already using injection treatment may 
have completely abandoned therapy, and in the case of oral drugs, 
not taken them regularly [68]. As a consequence, this will contribute 
to the recurrence of the disease, as well as a real increase in the risk 
of another fracture [69]. The results of Sharman Moser et al. showed 
that half of the group of about 18,000 women studied did not take 
oral antiresorption drugs with the correct frequency, which was 
clearly associated with a higher risk of low-energy fracture [70]. In 
the assessment of the 3-year risk of re-fracture, values were indicated 
to be lower by 44% in people who used systematic antiresorption 
treatment, compared to patients who did not use pharmacotherapy. 
In those treated the risk of death decreased by 64% [71].

Pandemic times have limited the availability to patients with 
osteoporosis of specialists in various fields [6], thus increasing the 
multidisciplinary problem affecting in particular postmenopausal 
women with suspicion / and or with metabolic disorders significantly 
affecting bone metabolism such as, for example: obesity, type 2 
diabetes, metabolic syndrome. In these cases, it seems reasonable, in 

addition to the diagnosis of osteoporosis (primary and secondary) 
and the assessment of the impact of antiresorption treatment on 
the risk of osteoporotic fractures, to extend the research to assess 
the relationship of Bone Mineral Density (BMD) with the levels 
of markers of bone turnover and particles involved in the control 
of intracellular signals (sclerostin, OPG, CTX, P1NP) [72]. In the 
case of imaging diagnostics, it is suggested to use densitometric 
examination not only to determine bone disorders, but also to 
diagnose other diseases, including those that are high risk factors 
for osteoporotic fractures. For example, assessing body composition 
not only regarding obesity, but also diseases closely related to it, 
such as type 2 diabetes, metabolic syndrome [73]. It also allows 
monitoring of many diseases in which significant eating disorders 
occur (anorexia, wasting syndromes, chronic kidney disease, 
Cushing’s syndrome, sarcopenia). Densitometric examination also 
allows the assessment of fat, bone, and muscle tissue distribution in 
individual body compartments. This is important in the assessment 
of visceral fat, the presence of which is associated with an increased 
risk of cardiovascular disease, hyperlipidemia, and type 2 diabetes. 
It allows you to assess the change in body composition during 
treatment of obesity (depending on the diet used), or autoimmune 
diseases (lupus, systemic scleroderma, rheumatoid arthritis), and the 
effectiveness of physical training and treatment of people with type 2 
diabetes [74]. The recommendations clearly indicate the importance 
of introducing broadly understood guidelines around prevention 
of osteoporosis and the above-mentioned diseases at an early stage 
of the patient’s life. Prevention of osteoporosis should apply not 
only to middle-aged and elderly people, but also to young and very 
young people, in line with the ‘Capture the fracture’ campaign 
promoted by the International Osteoporosis Foundation (IOF) 
[75]. Comprehensive osteoporosis prevention should be aimed at 
essentially all people at different risk groups, including menopausal 
women and men aged 60 and over [76]. In this group of people 
especially, there is an urgent need to eliminate modifiable risk factors. 
It is recommended to have an optimal diet, calcium supplementation 
(about 1200 mg /d), vitamin D3 (basic dose 1000-2000 IU / d) and 
physical activity to improve motor skills, as well as in the prevention  
of falls [77]. It is estimated that 8.9 million osteoporotic fractures 
occur annually worldwide [78]. Hernlund et al. indicate that the 
number of fractures in Europe will increase from 3.5 million in 2010 
to 4.5 million in 2025 [4]. As a result, it is an absolute necessity to 
conduct extensive education in all age groups aimed at recognizing 
and counteracting risk factors for osteoporosis. It seems that 
the consideration of long-term educational activities in the long 
term cannot be expected a significant decrease in the number of 
osteoporotic fractures and deaths. By limiting the possibility of 
direct contact between patients and doctors, the pandemic caused 
by the SARS-CoV-2 virus significantly contributed to the disruption 
of the diagnostic regimen and, as a result, revealed irregularities in 
proper treatment. Although the introduction of restrictions and 
limitation of interpersonal contact has significantly minimized 
the spread of the SARS-CoV-2 virus, the inability to diagnose and 
treat osteoporosis (in particular the continuation of therapy for 
previously diagnosed patients) translates directly into an increase 
in morbidity and number of new low-energy fractures. The lack 
of medical visits, not to mention diagnostics, will often cause 
irreversible health consequences, and the cessation of therapy in 
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the case of people already diagnosed, in the near future will lead to 
permanent disability and a significant deterioration in their quality 
of life. However, it is worth remembering that abandoning therapy 
will not immediately translate into an increased current number  
of fractures. It will be a long-term process, gradually spread over 
time. It seems that during the pandemic an important aspect was 
primarily the attempt to maintain the applicable standards of 
patient care, which are updated on a regular basis. A strategic point 
in the updated guidelines is to propose a therapeutic treatment 
based on an assessment of fracture risk, with particular emphasis 
on postmenopausal osteoporosis [23]. In the current situation, it 
is crucial to re-implement the correct treatment procedures while 
maintaining the sequence of actions continuing the care of patients 
with osteoporosis. In turn, screening tests dedicated to undiagnosed 
people from high-risk groups of fractures to still current and growing 
problem [79].

Conclusions 
1. The COVID-19 pandemic has significantly affected 

the quality of treatment of chronic diseases such as osteoporosis. 
Identifying people at risk of osteoporosis, especially postmenopausal 
osteoporosis, is a priority in preventive treatment. The easing of the 
current pandemic does not necessarily mean the disappearance of the 
SARS-CoV-2 virus, and thus the end of these infections. Over time, 
the acquired immunity in the population will decrease, so further 
outbreaks of COVID-19 can be expected in the future [80].

2. This phenomenon should be taken into account when 
sealing diagnostic and therapeutic systems for chronic diseases, 
including osteoporosis. 
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