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Abstract. Aim. The 10-year probability of a FRAX for a major osteoporotic fracture (MOF) above 20% is
considered a high fracture risk based on health and economic estimates. The aim of the current study was
to identify the multivariate significant risk factors for FRAX MOF ≥ 20%, calculated by BMD of the femoral
neck based on an assessment with the innovative radiofrequency echographic multi spectrometry (REMS)
ultrasound technique for axial skeletal scans. Object of the study. For 304 women aged 40-90 years
examined by REMS, age, height, weight, body mass index (BMI), menopause and the following risk factors
for calculating FRAX were assessed: previous fractures, family history of hip fractures, smoking, alcohol
consumption ≥ 3 units daily, use of corticosteroids (CS), diagnosed rheumatoid arthritis (RA) and secondary
osteoporosis. Methodology. According to the value of FRAX MOF women were divided into two groups with FRAX MOF < 20% and with FRAX MOF ≥ 20%. A binary logistic regression analysis was performed to
assess the multivariate significant risk factors for FRAX MOF ≥ 20%.Results and conclusions. Significant
risk factors in the multivariate analysis for FRAX MOF ≥ 20% were previous fracture, use of CS, diagnosis of
RA and BMDUS of the left femoral neck. The previous fracture increased the risk of FRAX MOF ≥ 20% by a
factor of 38.77. Women who use CS showed about a 13.5-fold higher risk of FRAX MOF ≥ 20% than those
who do not use CS. The diagnosis of rheumatoid arthritis increases the risk of FRAX MOF ≥ 20% by 6.92.
Any 1% increase in left femoral BMD reduced the risk of FRAX MOF ≥ 20% by 0.29%. This specific model,
designed to predict FRAX MOF ≥ 20% with REMS, may be useful for deciding on therapy in women with high
risk factors for FRAX MOF ≥ 20%.
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Introduction
Osteoporosis (OP) is defined as a systemic skeletal disease characterized by low bone mass and
deterioration of the microarchitectonics of bone tissue with a consequent increase in bone fragility [1].
Thus, the diagnosis of osteoporosis depends on the
quantitative measurement of bone mineral density
(BMD), considered the main determinant of bone
health, which determines bone fragility. This description emphasizes that the importance of the disease
OP is rooted in the fractures that occur as a consequence [2].
According to International osteoporosis foundation (IOF) it was projected in 1990 that by 2050, the
worldwide hip fracture incidence would increase by
310% in men and 240% in women and it is estimated
that 1 in 3 women and 1 in 5 men, over age 50, will
experience osteoporosis fractures in their remaining
lifetimes [3-7]. In 2010, the number of deaths caused
by osteoporotic fractures in Europe was 43,000 and
almost 80% of them were due to hip or spinal fractures. Mortality in patients over 65 years of age with

a hip fracture averaged 27% within the first year after
fracture [8].
There are several tools for assessment of osteoporotic and fracture risk [9,10]. Currently the most
popular tool is the fracture risk assessment model
FRAX, developed over many years and published
on the University of Sheffield website in 2008. The
FRAX model provides a framework that improves
fracture risk assessment in men and women, integrating clinical risk factors alone or in combination with BMD. FRAX is available for 66 countries,
covering more than 80% of the world's population
at risk and is included in more than 100 manuals
worldwide. The 10-year probability of hip fractures
varies more than 15 times between the countries.
These large differences may be due to some errors
such as duplication of the same fracture, as well as
the inability to use a single methodology. Due to the
lack of data on major osteoporotic fractures (MOF) in
most countries, the probability of MOF is calculated
on the basis of data from the Malmö study using a
special formula [11, 12].

10

S. Vladeva, N. Nikolov

From the developed FRAX models it is established that BMD as the only criterion for determining
treatment becomes more and more inappropriate
with age. A similar trend is observed in the likelihood
of hip fractures. In the United States, an assessment
of FRAX is proposed in women with osteopenia and
intervention is recommended for a 10-year probability of MOF above 20% and for a probability of hip
fractures above 3% based on the health economic
assessments [13-16].
Currently, one of the most common methods for
diagnosing OP is dual-energy X-ray absorptiometry
(DXA), considered the gold standard for measuring
BMD [17]. However, DXA also has its limitations, which
make it inappropriate for mass screening of the population, such as exposure to ionizing radiation, high
costs, the need for specialized facilities with certified
personnel and others [18]. Scoliosis and osteophytes
could also affect the accuracy of DXA scan [19,20].
These factors necessitate the development of
quantitative ultrasound (QUS) approaches for assessing bone health and diagnosing OP [21,22].
QUS methods have several potential advantages
over DXA: non-ionizing radiation, lower costs, better portability, and availability in primary care rooms
without the need for special structures [23, 24].
In recent years, an innovative ultrasound approach has been introduced to assess BMDUS of
the hip and lumbar spine. This approach is defined
as radiofrequency echographic multi spectrometry
(REMS) and is established as an innovative in-vivo
technique for early diagnosis and monitoring of OP.
The study of di Paola et al. compared the T-scores of
DXA and REMS and showed promising results that
highlighted the high degree of correlation between
T-scores obtained by both techniques for both lumbar spine (r = 0.94, p < 0.001) and femoral neck (r =
0.93, p < 0.001) [25].
The aim of the current study is to identify the
multivariate significant risk factors for FRAX MOF ≥
20% assessed with REMS technique.

Patients and Methods
304 women aged 40-90 years who underwent
REMS scan, were assessed for age, height, weight,
BMI, menopausal status and the following risk factors for calculating fracture risk FRAX ‒ previous
fracture, family history of hip fracture, smoking, alcohol consumption ≥ 3 units per day, corresponding
to 30 ml alcohol daily, use of corticosteroids (CS),
rheumatoid arthritis (RA) and secondary OP. The
10-year fracture risk for MOF was assessed on the

basis of a specially built-in REMS FRAX risk calculator. A previous fracture is considered to be present
only if it occurred spontaneously or more precisely if
it is a fracture resulting from trauma that would not
lead to a fracture in a healthy individual. There is a
special situation with a history of a previous vertebral fracture, because even a morphometric vertebral fracture is reported as a previous fracture. The
family history of hip fracture is defined as a history of
a parental hip fracture. The use of CS is defined as
available if the patient is currently taking oral CS or
has taken oral CS in the past for more than 3 months
with a dose of prednisolone ≥5 mg daily (or equivalent doses of other CS). RA is noted as a risk factor
if the patient has a confirmed diagnosis according to
the fulfillment of the criteria for diagnosis. Secondary OP includes diabetes type I (insulin-dependent),
osteogenesis imperfecta in adults, untreated longterm hyperthyroidism, hypogonadism or premature
menopause (< 45 years), chronic malnutrition or
malabsorption, and chronic liver disease. BMDUS
measurements with the innovative REMS technology of the left femoral neck were included in the assessment of the FRAX.
Women were divided according to the value of
FRAX MOF into two groups ‒ one with FRAX MOF <
20%, the other with FRAX MOF ≥ 20%. The following risk factors were investigated in the univariate
and multivariate analyses for FRAX MOF ≥ 20% ‒
previous fractures, use of CS, RA and BMDUS of the
left femoral neck (FN). Stepwise binary regression
analysis was used as a multivariate analysis of the
univariate significant risk factors.

Results
The mean age of the women was 62 ± 12 years
(range 40-88 years), with an average weight of 70.5
kg ± 15.7 kg (range 39.4-127 kg), average height
157.1 cm ± 8.8 cm (range 100-182 cm) and average
BMI - 28.6 kg/m2 ± 6.1 kg/m2 (range 14.9-47.5 kg/
m2), Table 1.
44/304 women (14.5%) were premenopausal and
260/304 women (85.5%) were postmenopausal. Out of
a total of 44 premenopausal women, 22 women (50%)
had normal BMD of the left FN, 20 women (45.5%) had
osteopenia and 2 women – osteoporosis (4.5%). Out
of a total of 260 postmenopausal women, 132 women (50.8%) were with osteopenia, 77 women (29.6%)
were with osteoporosis and 51 women (19.6%) were
with normal BMD of the left FN, Figure 1.
Of 304 women, about one third of them had a
history of a previous fracture (107/304 patients), and
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Table 1. Age, height, weight and BMI of the women

Age (years)

Mean value

Minimum

Maximum

Standard deviation

62

40

88

12

Height (centimeters)

157.1

100

182

8.8

Weight (kilograms)

70.5

39.4

127

15.7

BMI (kg/m2)

28.6

14.9

47.5

6.1

Fig. 1. Distribution of the normal left FN BMD (US), osteopenia and osteoporosis in the groups of premenopausal
and postmenopausal women

3.3% (10/304) had a history of a parental fracture
of the femoral neck. Current smokers were about
22.7% (69/304 patients), and the number of those
consuming hard alcohol more than 3 units per day
was 6.6% (20/304). The incidence of RA among
women was about 22.4% (68/304 patients) and
about 12.8% (39/304) used CS at the time of the
study. 70/304 women (23%) had premature menopause and were accordingly included in the group of
patients with secondary OP, Table 2.
In the univariate analysis, we found that previous
fractures (p = 0.000), current use of CS (p = 0.003),
diagnosis of RA (p = 0.000) and BMD (US) of the left
FN (p = 0.012) were significant risk factors for FRAX
MOF ≥ 20%. Alcohol consumption more than 3 units
or 30 ml. daily, current smoking, parental fracture of
the FN and secondary osteoporosis did not show
any significant difference between the groups with
FRAX MOF< 20% and FRAX MOF ≥ 20%.
Univariate significant risk factors for FRAX MOF
were included in the multivariate analysis. The multivariate model was correctly predicted for 93% of

cases as 97% were correctly predicted women with
FRAX MOF < 20% and 81.9% were correctly predicted women with FRAX MOF ≥ 20%. Overall, the
model was significant (p = 0.006) in the fourth step.
Table 3 presents the results of step 4 of the binary
logistic regression analysis.
Table 2. Distribution of the women according to the risk
factors
Risk factors
Previous fracture
Parental fracture of the FN
Current smoker
Currently using CS
RA
Secondary OP
Consuming alcohol more than 30 ml daily

yes

Count
107

no

197

yes
no
yes
no
yes
no
yes
no
yes
no
yes
no

10
294
69
235
39
265
68
236
70
234
20
284
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From the stepwise binary regression analysis we
found that the independent risk factors significant for
FRAX MOF ≥ 20% were previous fracture, use of
CS, RA and BMD (US) of the left femoral neck. After calculating the Odds ratios for the independent
risk factors, we found that the previous fracture increased the risk of FRAX MOF ≥ 20% by a factor
of 38.77. This means that women with a previous
fracture have about 38.8 times higher risk of future
major osteoporotic fracture than women without a
previous fracture. Odds ratio for women who use CS
was 13.49, i.e., women who use CS showed about

a 13.5-fold higher risk for future major osteoporotic
fracture than those who do not use CS. Rheumatoid
arthritis increased the risk by 6.92 for FRAX MOF
≥ 20%. Odds ratio for BMD (US) of the left FN was
0.710, i.e., each 1% increase in left FN BMDUS decreased the risk for FRAX MOF ≥ 20% by 0.29%.
Graphically, all odds ratios are shown in Figure 2.
Therefore, the previous fracture increases the
fracture risk associated with a future major osteoporotic fracture, followed by a reduction in the strength
of prediction, respectively, the use of CS, RA and
BMD (US) FN.

Table 3. Indicators of the 4th step of the binary regression analysis for prediction of FRAX MOF ≥ 20%
Independent risk factors

Step 4

Regression coefficient

Standard error

Wald

P value

Odds ratio

Previous fracture

3.658

.649

31.73

.000

38.770

CS

2.602

.861

9.14

.003

13.494

RA

1.934

.722

7.17

.007

6.918

BMD (US) FN

-.342

.053

41.85

.000

.710

17.330

2.857

36.79

.000

33606359.7

Constant

Fig. 2. Odds ratios of the independent risk factors for prediction of FRAX MOF ≥ 20%

Discussion
After conducting univariate analysis, we found
that previous fracture, use of CS, diagnosis of RA
and BMD (US) of the left FN assessed with REMS
were significant risk factors for FRAX MOF ≥ 20%.
Consumption of alcohol more than 30 ml daily, as
well as current smoking, parental hip fracture and
secondary OP did not show any significant difference between the groups with FRAX MOF < 20%
and FRAX MOF ≥ 20%.

Previous fracture is a known risk factor for a
future fracture. In a study published by Kanis and
co-authors fracture risk was assessed based on previous fractures, age, gender, and BMD in 15,259 men
and 44,902 women in 11 cohorts. The effect of the
previous fracture on the risk of a MOF as well as on
the femoral fracture was investigated using a Poisson model for each sex of each cohort. The studied
covariates were age, sex and BMD. Individuals with
a history of a previous fracture had a significantly
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higher fracture risk than individuals without a history
of a previous fracture (R = 1.86; 95% CI = 1.75-1.98).
The history of a previous fracture increased the risk
of MOF and the risk of hip fracture with similar force.
There was no significant difference in the risk ratio
between men and women. Low BMD increased the
fracture risk of MOF by 8% and the fracture risk of hip
fracture by 22%. In conclusion, in the study of Kanis et
al. a history of a previous fracture led to an increased
risk of future fracture, independent of BMD [26].
Banefelt and co-authors reported the incidence of
subsequent fractures within the first and second years
after an initial fracture in women ≥ 50 years in Sweden.
The highest risk of subsequent fractures was observed
in women with vertebral fracture. A previous fracture
was an independent risk factor for a future fracture,
taking into account other risk factors such as age and
co-morbidities. In this study, the incidence of subsequent fractures within 12 months after the first fracture
was 7.1% and increased to 12% at 24 months [27].
Use of CS affects the strength and structure of
bones, which leads to an increased fracture risk.
Glucocorticoid-induced OP is the leading cause of
fractures with approximately doubling the risk of
fracture, regardless of the BMD [28]. Epidemiological studies have shown that the risk of fracture increases with the use of CS despite the reduction in
BMD and therefore, in addition to BMD, clinical risk
factors must be taken into account in the fracture risk
assessment. Several randomized controlled clinical
trials have shown a significant reduction in the risk
of fracture with the use of various pharmacological
therapies in individuals using CS [29, 30]. Guidelines
have been developed for the use of pharmacological
agents for fracture prevention in patients using CS
[31-34]. It is now recommended that even low-risk
patients who start CS therapy, albeit for a short period of time, have to be treated for fracture prevention
[34]. Kanis and co-authors found that exposure to
CS significantly affected the likelihood of fracture.
Subsequently, they formed the following rule: exposure to low doses (< 2.5 mg daily prednisolone or
equivalent) reduced the likelihood of FRAX MOF by
about 20% depending on age. For moderate doses of CS (2.5-7.5 mg daily), the final value of FRAX
may not be adjusted relative to the dose of CS. For
high doses (> 7.5 mg daily), FRAX MOF should be
adjusted by increasing its value by about 15% [35].
In studies published to date, it has been found that
patients with RA have a higher risk of OP and osteoporotic fractures than those without RA [36-38]. Papers
have shown that the incidence of OP among patients
with RA is about 1.9 times higher than among patients
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without RA [39]. Bone loss in RA patients is associated with many factors, including chronic inflammation,
use of CS and immobilization. The release of proinflammatory cytokines such as interleukin-1 (IL-1),
IL-6 and tumor necrosis factor-α (TNF-α) can cause
abnormal osteoclast production, thus upsetting the
balance between bone resorption and bone formation
[40-42]. RANKL secretion by T-lymphocyte activation
induces synovial macrophage differentiation in osteoclasts, leading to bone loss [43, 44]. At the same time,
immobilization due to pain associated with RA leads
to muscle weakness and increases fracture risk [45,
46]. A published meta-analysis, summarizing 13 studies, showed similarly increased fracture risk in both
men and women with RA, suggesting that RA is an
independent risk factor for fracture risk. Although several studies have identified specific fracture sites in
RA patients, some reporting more femoral fractures
and others more spinal fractures, the meta-analysis
showed comparable risks of vertebral and femoral
fractures in RA patients, suggesting no specificity in
the location of the fracture with respect to RA [47].
Because fractures often reduce quality of life and increase costs, their prevention is crucial for patients
with RA. The risk of fracture in these patients must
first be assessed. Although RA is an independent risk
factor for fracture risk, chronic inflammation and the
use of CS may further increase fracture risk [48-50].
Therefore, the assessment of BMD as well as the risk
factors that are needed to calculate the risk of fracture
using the FRAX tool should be performed for early detection of OP in patients with RA [51, 52]. For patients
at high fracture risk and especially for those taking
CS, additional replacement with calcium, vitamin D3
and, according to the BMD, bisphosphonates, denosumab or parathyroid analogues at low BMD is required. Additionally, chronic inflammation in patients
with RA should be controlled. Disease-modifying anti-rheumatic drugs such as methotrexate did not show
an increased risk for OP and osteoporotic fractures
in patients with RA [53]. Studies with TNF-α inhibitors
such as etanercept and adalimumab have also shown
that they don’t impair bone remodeling [54, 55]. Patients with RA should also be assessed for risk of falls,
as falls are the leading cause of fractures. More than
95% of femoral fractures are the result of falls. Taking
certain preventative measures such as regular physical activity and minimizing objects at home that can
cause falls can help reduce the risk of fractures [56].
This is the first study which assessed multivariate
significant risk factors for FRAX major osteoporotic
fracture risk (MOF) ≥ 20% through radiofrequency
echographic multi spectrometry (REMS).
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In a previous study with REMS there was found
in the univariate analysis that women with a previous
fracture had higher mean values of FRAX MOF and
FRAX for hip fracture than women without a previous fracture [57]. Another study showed also in the
univariate analysis that postmenopausal women
at older ages, with low femoral neck BMDUS, low
weight and height, who had previous fractures, had
diagnosis of RA and used corticosteroids were at the
highest risk for FRAX MOF ≥ 20% and for hip fractures ≥ 3% [58].
From the stepwise binary regression analysis
in the current study it was found that the independent risk factors significant for FRAX MOF ≥ 20%
are previous fracture, use of CS, RA and BMDUS of
the left FN. After calculating the probability ratios for
the independent risk factors, we found that women
with a previous fracture had about 38.8 times higher
risk of future major osteoporotic fracture than women without a previous fracture. Patients who use CS
have a risk of FRAX MOF ≥ 20% 13.5 times higher
than those who do not use CS. RA increases the risk
by a factor of 6.92 for FRAX MOF ≥ 20%. Each 1%
decrease in BMDUS of left FN increase the risk for
FRAX MOF ≥ 20% by 0.29%.
In conclusion, from the stepwise binary regression analysis in the current study it was found that the
independent significant risk factors for FRAX MOF ≥
20% were previous fractures, use of CS, diagnosis
of RA and BMDUS of the left femoral neck. This specific model created for predicting FRAX MOF ≥ 20%
with REMS could be useful to make decision about
the therapy in women with risk factors with a high
probability ratio for FRAX MOF ≥ 20%.
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