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Osteoporosis is the fourth most common disease after cardiovascular, cancer and endocrine diseases. With an increase 

in life expectancy, it becomes one of the main causes of deterioration in health and an increase in mortality. 

The aim of the study. To identify women with low bone density using ultrasound densitometry and assess the risk of 

osteoporotic fractures. 

Materials and methods. The study was based on a survey of 31 women in the Odessa region, the average age of the 

subjects was 57±9.1 years, the average body weight was 75.74±12.5 kg, height 162.8±0.1 cm, the average BMI was 

28.57±4.5. All women were divided into groups by age with a ten-year interval and by densitometry indices. 

Results. Decrease in bone density was found in 51.6 % of examined women. The lowest BMD was in the age group of 

70–79 years, and the largest numbers of respondents with osteopenic changes were at the age of 50–59. A linear corre-

lation was found between BMD and age at the level of significance p=0.007. The linear regression equation is:  

t=-0.03968 *age+1.268, (r=-0.473). In women with osteopenia, a significant increase in indicators was found for al-

most all algorithms for assessing the 10-year risk of fractures at p<0.05 (except for FRAX Hiр without BMD 

(p=0.087)) and a significant decrease in ultrasound densitometry indicators compared with women with normal BMD. 

Women with fractures had significantly higher scores according to the FRAX Total algorithms without BMD 

(p=0.002), FRAX Hiр without BMD (p=0.004) and Q-fracture Hiр (p=0.044). 

Conclusions. Most women had osteopenic manifestations according to ultrasound densitometry. Age significantly cor-

relates with BMD parameters. The numbers of women with changes in the structure of bone tissue increases with age, 

and, after 70 years, all women have osteopenic manifestations. The algorithms for assessing the 10-year risk of frac-

tures FRAX and Q-Fracture reliably correlate with densitometry indicators. The combination of ultrasound densitome-

try with algorithms for assessing the risk of osteoporotic fractures significantly increases the diagnosis of osteoporosis 
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1. Introduction 
In developed countries, with increasing life ex-

pectancy, osteoporosis (OP) is becoming one of the lead-

ing causes of health loss and death, both among women 

and men [1]. In the structure of non-communicable dis-

eases, OP occupies one of the key positions, ranking 

fourth in prevalence after cardiovascular, cancer and 

endocrine diseases [2]. OP is a major risk factor for all-

cause mortality in subjectively healthy older people  

(60 to 99 years), followed by type 2 diabetes mellitus 

(DM) and hypertension (HT), which requires more ac-

tive diagnosis of OP in healthy individuals before they 

have OP-related incidents [3]. 

A survey of 17 primary care (PC) physicians in 

Stockholm, Sweden, found that most physicians consid-

ered OP to be a silent disease overshadowed by other 

conditions, emphasizing that they paid more attention to 

patients with diabetes, osteoarthritis, cardiovascular dis-

ease (CVD), and HT. That is, doctors perceive OP as a 

low-priority problem and emphasize the lack of aware-

ness about this condition. There are differing opinions 

about who is responsible for managing patients with OP; 

doctors are not sure about the value of the fracture risk 

assessment tool (FRAX). They believe that financial 

incentives, education and expanded collaboration with 

other professionals and patients are needed to increase 

the priority of osteoporosis in PC [4]. 

Statistics show not only a tendency to increase 

the incidence of OP, but also a steady increase in the 

number of osteoporotic fractures (OPF), which is the 

main clinical outcome of the disease, significantly af-

fecting morbidity, disability and mortality and economic 

costs of society [5, 6]. 

There are gender differences between fracture lo-

calization. For example, women are about 5 times more 

likely to have a forearm fracture, twice as likely to have 

a fracture of the spine or femur, which is partly due to 

the difference in BMD in adulthood, including postmen-

opausal bone tissue loss. In addition, women live longer, 

have a longer period of reduced BMD and other risk 
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factors for OP, in particular, this is due to higher rates of 

comorbidities. Men have higher mortality rates from 

fractures [7]. The prevalence of OP in postmenopausal 

women is about 35–50 %, and mortality from hip frac-

tures reaches 20 % [8]. Increased risk of death persists 

for 10 years after fracture [9]. 

It is known that OPF increases the risk of subse-

quent fracture. A meta-analysis, 15,259 men and  

44,902 women from 11 cohorts, showed that a previous 

history of fracture was associated with an 86 % increase 

in the risk of fractures at any new site [10]. 

Clinical evaluation should consider all determi-

nants of fracture risk, but bone mass assessment is the 

only aspect that can be easily measured in clinical prac-

tice used to diagnose, treat, predict risk, and monitor 

patients undergoing treatment. The diagnostic criterion 

for OP is based on the measurement of BMD – the 

amount of bone mass per unit volume (bulk density, 

g/cm
3
) or per unit area (g/cm

2
). Both indicators can be 

measured in vivo using various densitometric methods 

[11]. Two-energy X-ray densitometry (DXA) is the ref-

erence standard for the diagnosis of OP, but this tech-

nique has significant shortcomings (inability to obtain 

three-dimensional images or information about bone 

microstructure), leading to insufficient diagnosis of the 

disease. In addition, total screening of BMD disorders is 

not appropriate, as it would exceed 2–10 times the cost 

of treatment of all potential OPFs [12]. 

To determine the OP in the absence of a fracture, 

T-score ≤-2.5 is taken; however, not all countries accept 

BMD as the sole criterion, as it has high specificity but 

low sensitivity (30–50 %) – most OPF will occur in in-

dividuals with osteopenia or with BMD values above the 

osteoporosis threshold. Low sensitivity was the main 

reason not to recommend BMD testing for population 

screening [13, 14]. Fracture risk assessment is improved 

by taking into account risk factors that act independently 

of BMD [15]. For example, age. The same T-score at 

any one site has different prognostic value at different 

ages, indicating that age contributes to risk regardless of 

BMD. Thus, taking into account age and BMD together 

increases the range of risks that can be identified [16]. 

However, there are additional factors that provide 

information about the risk of fractures regardless of age 

and BMD. 48 instruments are available to stratify pa-

tients at risk of fractures, but only some of them are val-

idated. Among them are Osteoporosis Self-Assessment 

Tool; Osteoporosis Risk Assessment Instrument; Simple 

Calculated Osteoporosis Risk Estimation; Canadian As-

sociation of Radiologists and Osteoporosis Canada cal-

culator; Fracture Risk Assessment Calculator (FRAX); 

Crow; and QFracture [6]. These tools assess clinical risk 

factors for OP to help determine if there is sufficient risk 

for further assessment with DXA [17]. 

The aim of the research. The aim of this study 

was to identify women with low bone density by ultra-

sound densitometry and to assess the risk of osteoporotic 

fractures. 

 

2. Materials and methods 
This study was conducted on the basis of the De-

partment of “General Practice (Family Medicine)” of the 

National Medical University named after O. O. Bo-

gomolets in 2019. The work was agreed at a meeting of 

the Commission on Bioethical Expertise and Ethics of 

Scientific Research at NMU named after O. O. Bo-

gomolets No. 127 dated February 12, 2019. The study 

does not pose an increased risk to study subjects and is 

performed in accordance with existing bioethical norms 

and scientific standards in accordance with the require-

ments of good clinical practice (ICH GCP) and the Hel-

sinki Declaration. 

The study was based on a survey of 31 women in 

Odessa region, whose average age was 57±9.1. All 

women were divided according to age into groups with a 

ten-year interval and by ultrasound densitometry. 

The structural and functional condition of the 

bone tissue was assessed using a Hitachi Aloka 

AOS100E ultrasonic densitometer on the heel bone. De-

termined SOS (ultrasound rate, in m/s), TI (transmission 

index), OSI (bone ultrasound index), Z-score indices 

(comparison with the average rate in this age group) and 

T-score (comparison with the norm for middle-aged 

adult with “peak” bone mass). Changes in the structure 

of bone tissue were recorded in accordance with the cri-

teria of the WHO (1994) on the T-score of bone mineral 

density (BMD), the subjects were divided into groups: 

T-score from +2.5 to -1 – normal; from -1.5 to -2.5 oste-

openia; from -2.5 and below – osteoporosis [18]. 

The risk of fractures was calculated using online 

calculators FRAX and QFracture in women over 40 

years [19, 20]. 

Anthropometric examination included determina-

tion of body weight and height. BMI was calculated ac-

cording to the conventional formula. 

Inclusion criteria: signed informed consent of the 

patient to participate in the study, female, age from 40 to 

80 years. 

Exclusion criteria: type 1 diabetes mellitus; exac-

erbation of chronic non-communicable diseases and dis-

eases in the stage of decompensation; persons with on-

cological diseases; taking medications that may affect 

bone metabolism; pregnancy and lactation. 

Statistical processing of the results was per-

formed using statistical programs “Statistica 10.0” and 

“Microsoft Excel”. The analysis for normality was per-

formed by the Shapiro-Wilk method. Descriptive statis-

tics are presented in the form of arithmetic mean and 

standard deviation, with minimum and maximum values. 

Qualitative characteristics are presented in the form of 

absolute values and percentages. Depending on the dis-

tribution of the characteristic, the comparison of parame-

ters in the study groups was performed using the Stu-

dent's test and the Mann-Whitney test. To study the na-

ture and strength of the relationship between the studied 

indicators, we used the Pearson or Spearman correlation 

coefficient depending on the nature of the data distribu-

tion. Differences at p <0.05 were considered statistically 

significant. 

 

3. Research results 
The study involved 31 women from Odessa re-

gion aged 40 to 79 years (mean age 57±9.1), the main 

clinical indicators are presented in Table 1. Among 

women, 25 live in the city (80.6 %), 6 (20.4 %) – in ru-

ral areas. 
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Table 1 

The main clinical indicators of all patients included in the study 

Age 

(years) 

Number 

of wo-

men (n) 

Age, years Weight, kg Height, cm BMI, kg/m
2 

M±SD Min Max M±SD Min Max M±SD Min Max M±SD Min Max 

40–79 31 57±9.1 40 77 75.74±12.5 54 101 162.8±0.1 150 172 28.57±4.5 21.3 36.7 

Note: data are presented as M±SD, Min and Max – minimum and maximum values, BMI – body mass index 

 

When studying the anamnesis of the subjects re-

vealed diseases and comorbidities, which were classified 

on the basis of the International Classification of Diseas-

es (ICD-10), the data are given in Tab. 2. In 16 women 

(45.7 %) 50 concomitant diseases were stated, i.e. on 

average 1.4 cases of concomitant pathology were ac-

counted for each. It was found that the number and se-

verity of comorbid diseases increased proportionally 

with age and was highest in older age groups. 

The structure of concomitant pathology was dom-

inated by diseases of the circulatory system (class IX – 

16 cases; 45.7 %) and digestive organs (class XI – 11; 

31.4 %). (Table 2). 

 

Table 2 

The structure of concomitant pathology in women of Odessa region 

Disease class Diagnosis Quantity (n) % 

Class IV. 

Diseases of the endocrine system, eating dis-

orders and metabolic disorders 

Diabetes mellitus 1 2,8 

Diseases of the thyroid gland 4 11.4 

Class IX. 

Diseases of the circulatory system 

Hypertensive disease 16 45.7 

Coronary heart disease 3 8.6 

Vascular lesions of the brain 2 5.7 

Class X. 

Respiratory diseases 

COPD 2 5.7 

Bronchial asthma 5 14.3 

Class XI. 

Diseases of the digestive system 

Diseases of the gastrointestinal 

tract 
5 14.3 

Liver disease 6 17.1 

Class XIII. 

Diseases of the musculoskeletal system and 

connective tissue 
Rheumatoid arthritis 2 5.7 

 

At the time of the survey, all surveyed women 

denied alcohol abuse; smoking was confirmed by  

3 women (9.6 %), and one smoked in the past (3.2 %). 

Five respondents (16.1 %) suffered bone fractures of 

different localization, and 12 subjects (38.7 %) reported 

femoral fractures or signs of osteoporosis in their par-

ents; four women noted a decrease in growth after  

40 years (12.9 %). 

Gynecological anamnesis: pregnancy was in  

29 women (93.5 %) – one child in 5 (16.1 %) women, two 

or more children in 24 (77.4 %) women; breastfeeding 

was present in 24 (77.4 %) women; periods of amenor-

rhea were diagnosed in 2 people (6.5 %); menopause be-

fore the age of 45 occurred in 4 respondents (12.9 %). 

Insufficient consumption of dairy products was 

found in 16 women (45.7 %). Decreased physical activi-

ty was confirmed by 24 people (68.6 %). Three women 

have taken corticosteroids in the past (9.6 %), 4 receive 

calcium supplements (12.9 %). 

Osteopenic bone changes in women over  

40 years of age were assessed by T-score, according to 

WHO recommendations. Decreased BMD was diag-

nosed in 16 women (51.6 %). 

The lowest BMD was in the age group  

70–79 years: -1.96±0.5 (p<0.01), and the largest number 

of respondents with osteopenic changes was found in the 

age group 50–59 years. The data are presented in  

Table 3. 

 

Table 3 

The ratio of BMD among age groups 

Indicators / 

Age groups, 

years 

All women 

(n=31) 
Quantity. % 

40–49 

(n=5; 16.1 %) 

50–59 

(n=16; 51.6 %) 

60–69 

(n=6; 19.4 %) 

70–79 

(n=4; 12,9 %) 

BMD rate –0.35±0.4# 15(48.4 %) 4 (12.9 %) 7 (22.6 %) 2 (6.5 %) - 

Osteopenia –1.52±0.3# 15(48.4 %) 1 (3.2 %) 9 (29 %) 4 (12.9 %) 3 (9,7 %) 

Osteoporosis –2.68 1(3.2 %) – – – 1 (3,2 %) 

T-score –0.99±0.7 –0.69±0.7 –0.77±0.6 
*
 –1.17±0.6 –1.96±0.5 

*
 

Note: data are presented as M±SD, T-score – BMD; * – p<0.01 the difference is statistically significant between the age groups 70–

79 and 50–59 years; # – р<0.001 the difference is statistically significant between normal values and osteopenia 
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A linear correlation between BMD and age was 

found at a significance level of p=0.007. The linear re-

gression equation has the form: t=–0.03968 * age+1.268. 

The linear correlation coefficient R=–0.473. With age, 

there is a decrease in the number of women with normal 

BMD, and an increase in the number of women with 

osteopenic syndrome. 

The 10-year risk of osteoporotic fractures was as-

sessed with and without BMD using Q-fracture, FRAX 

algorithms. We found a statistically significant differ-

ence between normal and osteopenia in terms of BMD 

and algorithms, except for the FRAX Hir algorithm 

without BMD (p=0.087). The obtained data are present-

ed in Table 4. 

 

Table 4 

Relationship between BMD and Q-fracture, FRAX algorithms with and without BMD 

Indicators of algorithms / Diseases Р Norm (48.4 %) Osteopenia (48.4 %) Osteoporosis (3.2 %) 

Q-fracture Total, % 0.004 3.55±1.4# 7.76±4.8# 10.8 

Q-fracture Hір, % 0.004 0.59±0.4# 2.9±3.31# 7.8 

FRAX Total without BMD, % 0.026 6.8±5.9# 7.92±5.3# 9 

FRAX Hір without BMD, % 0.087 1.16±1.8 2.4±3.5 2.7 

FRAX Total, % 0.044 5.58±4.9# 6.14±2.5# 11 

FRAX Hір, % 0.001 0.2±0.1# 1.56±2.0# 4.1 
Note: data are presented as M±SD, #p – statistically significant difference between normal and osteopenia. 

 

When evaluating the indicators in terms of age, it 

was determined that women aged 70-79 years had the 

highest 10-year risk of fractures by all algorithms: 

FRAX Total – 8.87±3.2, FRAX Hip – 4.03±3.1, Qfrac-

ture total – 12.87±1.5, Qfracture Hip – 7.97±2.7, FRAX 

Total without BMD – 11.9±5.5, FRAX Hip without 

BMD - 6.3±4.8. Significant differences were found ac-

cording to the algorithm Q-fracture Total, Q-fracture Hir 

FRAX Hip, FRAX Hir without BMD p <0.01. 

A significant correlation of the age of women 

with algorithms for calculating the 10-year risk of osteo-

porotic fractures FRAX Total without BMD (r=–0.47, 

p=0.007), FRAX Hip without BMD (r=0.78, p=0.006), 

Qfracture total (r=0.86 p=0.007), Qfracture Hip (r=0.92, 

p=0.008), FRAX Hip with BMD (r=0.55, p=0.009). No 

statistically significant difference was found with FRAX 

Total and BMD (r=0.21, p=0.345). 

Assessing BMD data and the 10-year risk of frac-

tures in women without fractures and with fractures, we 

found that women with fractures significantly higher 

rates of FRAX Total without BMD (p=0.002), FRAX 

Hir without BMD (p=0.004) and Q – fracture Hp 

(p=0.044). 

 

4. Discussion of research results 
All over the world much attention is paid to dis-

ease prevention. This important mission is mostly as-

signed to the doctor who first meets the patient – the 

family doctor. It so happened that in our country many 

doctors have little experience in the detection and pre-

vention of osteoporosis and its complications. Some 

believe that this is the prerogative of narrow specialists. 

Ultrasound densitometry is an effective method 

for screening for decreased bone mineral density. It can 

be used in both children and pregnant women. The de-

vices are portable, high-speed and less expensive com-

pared to dual-energy X-ray densitometry. At present, 

many studies have been conducted that confirm the high 

informativeness of this method, and when used with 

algorithms for assessing the risk of fractures increase the 

level of sensitivity and specificity of indicators to 90 and 

100 %, respectively. Respondents with a history of oste-

oporotic fractures increase these rates to 95 and 60 %, 

and women without fractures to 87 and 92 %, respec-

tively [21]. 

This study showed that the decrease in BMD 

progresses with age and the most vulnerable group are 

women over 70 years. And when comparing women 

with osteopenic manifestations and patients with normal 

bone density found a significant increase in all indica-

tors: algorithms for predicting osteoporotic fractures and 

ultrasound densitometry in women with osteopenia. 

Analyzing the performance of women with and 

without a history of fractures revealed that the algo-

rithms, even without the use of BMD, are informative 

and can be used to assess the risk of osteoporotic frac-

tures at the primary level of care. 

The use of algorithms for assessing the 10-year 

risk of fractures helps the doctor to determine the need 

for the beginning of osteoporotic therapy, the appoint-

ment of DRA. The use of FRAX is more common, the 

advantage is the existence of the Ukrainian version and 

the possibility of using both with densitometry and 

without these indicators. The Qfracture algorithm uses 

English, but it is possible to assess the risk of fracture 

from one year and it contains an extended list of ques-

tions regarding the presence of concomitant pathology. 

Questions about growth reduction after the age of 

45, the presence of fractures in the anamnesis of life and 

in parents, early menopause (up to 45 years), smoking, 

insufficient physical activity are highly informative and 

will help in the diagnosis of osteoporosis.  

Study limitations. In the Odessa region, a survey 

was conducted on a small group of women. But they 

were able to quickly collect data in a relatively short 

period of time and clearly present how osteoporosis 

screening can be organized in the practice of a family 

doctor. 

Prospects for further research. This issue needs 

more detailed study not only in relation to age, but also 

in relation to the region of the country and the conditions 

in which the respondents are. Ultrasound densitometry 

in combination with algorithms for assessing the risk of 

osteoporotic fractures can be used in epidemiological 

studies. 
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5. Conclusions 
According to ultrasound densitometry, most 

women had osteopenic manifestations. Age correlates 
significantly with BMD. That is, with age, the number of 
women with changes in bone structure increases. More-
over, after 70 years – all women had osteopenic mani-
festations. 

Women with low BMD have significantly higher 
rates of 10-year fracture risk assessment algorithms (ex-
cept FRAX Hir without BMD). 

FRAX Total without BMD (p=0.002), FRAX Hir 
without BMD (p=0.004) and Q-fracture Hir (p=0.044) 
were significantly higher in women with fractures. 

The risk of FRAX and Q-fracture fractures is sig-
nificantly correlated with densitometry. And questions 

about the reduction of growth after 45 years, the pres-
ence of fractures in the anamnesis of life and parents, 
early menopause (up to 45 years), smoking, insufficient 
physical activity are highly informative and significantly 
increase the risk of fractures in the subjects. 

The combination of ultrasonic densitometry with 
algorithms for assessing the 10-year risk of osteoporotic 
fractures greatly increases the diagnosis of osteoporosis. 
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