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ABSTRACT

Introduction: Osteoporosis is a chronic progressive
bone disease where the bone tissue resorption
exceeds its regenerative capacities. Such a process
leads to the reduction of bone mineral density
(BMD), and distortion of trabecular microarchitec-
tonics, which creates the basis for an increased
fracture risk on a “low trauma” for osteoporosis
patients. The notion of low trauma implies a
stressor that will not cause a fracture in a healthy
person under normal circumstances. BMD is a
strong predictor of future fractures. However, many
fractures occur in persons with BMD values beyond
the defined osteoporosis threshold,and BMD mea-
surement only partially identifies the part of the
population with increased fracture risk. Also, it is
known that risk factors are influencing the bone
mass reduction as predictors of future fractures,
and their association may lead to an increased
fracture risk irrespective of the bone mass and T-
score.Aim: The 10-year individual risk assessment
for osteoporotic fracture and the analysis of impact
of individual and multiple osteoporosis risk factors
on the degree of osteoporotic fracture risk. Meth-
ods: The research is a retrospective-prospective
study which analyzed 120 patients divided into two
groups: 1) asymptomatic patients with known risk
factors for osteoporosis in the age group of 40-65
(n=60), 2) asymptomatic patients with known risk
factors for osteoporosis in the age group of 65-90
(n=60). FRAX® algorithm was used as a tool for the
10-year hip fracture risk assessment, with prior ap-
proval of the Centre for Metabolic Bone Diseases,
University of Sheffield from the United Kingdom.
Fracture risk assessment was calculated using the
online FRAX® calculator. High risk is defined as the
hip fracture risk higher than 3% or the risk of a “big”
osteoporotic fracture higher than 20%. Results are

expressed as mean values with a standard devia-
tion. A comparison between tested patient groups
was made applying the student T-test. Results: 32%
of patients of average age of 65.8%£12.6 years are
under high hip fracture risk, 28% of patients are
under the hip fracture risk higher than 3%, and the
risk for 0.03% patients is higher than 20%. Patients
with high fracture risk are of advanced age,female,
with lower body weight and height values, lower
bone mineral density (BMD) and T score values
than patients who are not under a high fracture risk.
A positive family anamnesis to osteoporosis and
fractures, earlier fractures, smoking, rheumatoid
arthritis,and use of glucocorticoids are risk factors
that are more represented in patients with high
fracture risk and osteoporosis. The impact of the
majority of individual risk factors for osteoporosis
and fracture is moderate, and their joint effect is
significant. The contribution of individual risk fac-
tors to the overall 10-year fracture risk depends
on the type, number and association of risk fac-
tors. Conclusion: This research is a contribution
to the resolution of polemics among authors, i.e.
a dilemma whether persons with multiple clinical
risk factors for osteoporosis with T score values
beyond the defined threshold for osteoporosis are
candidates for therapy with bisphosphonates, and
a dilemma whether persons without any clinical
risk factors for osteoporosis with T score values
within the defined osteoporosis threshold require
therapy with bisphosphonates, or only monitoring
is sufficient.

Keywords: dual-energy x-way absorptiometry
(DEXA), fracture risk assessment (FRAX®), bone
mineral density (BMD), T score.
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1.INTRODUCTION

Osteoporosis is a chronic progressive bone disease where
the bone tissue resorption exceeds its regenerative capaci-
ties. Such a process leads to the reduction of bone mineral
density (BMD), and distortion of trabecular microarchi-
tectonics, which creates the basis for an increased fracture
risk on a “low trauma” for osteoporosis patients. The no-
tion of low trauma implies a stressor that will not cause a
fracture in a healthy person under normal circumstances
(1). BMD is a strong predictor of future fractures. However,
many fractures occur in persons with BMD values beyond
the defined osteoporosis threshold, and BMD measure-
ment only partially identifies the part of the population
with increased fracture risk Also, it is known that risk fac-
tors are influencing the bone mass reduction as predictors
of future fractures, and their association may lead to an
increased fracture risk irrespective of the bone mass and
T-score. Considering that the change of bone density does
not always match the fracture risk, along with determining
the bone metabolism markers, the osteoporosis diagnostics
should include the fracture risk assessment based on osteo-
porosis risk factors, especially if one already experienced a
low trauma fracture. Swift osteoporosis identification and
management following the first fracture will reduce the
risk of the second fracture which is 2-3 times higher (2). As
a tool for the assessment of ten-year hip fracture risk or a
“big” bone fracture caused by osteoporosis (clinical spine,
forearm, hip or shoulder fracture), professor Kanis and
associates at the Centre for Metabolic Bone Diseases, Uni-
versity of Sheffield identified fracture risk factors and con-
solidated them in the Fracture Risk Assessment (FRAX®)
algorithm that was applied to the population of the United
Kingdom, and its calibration was then implemented in 45
countries (3). The value of FRAX® hip fracture index above
3 % and for other fractures above 20 % is an indication for
therapy introduction (4), which is the goal of the FRAX®
assessment-to determine if persons with low bone density
are candidates for pharmacotherapy or not, based on the
individual fracture risk.

2.AIM

The research aim is to conduct the 10-year individual
risk assessment for osteoporotic fracture and the analysis
of impact of individual and multiple osteoporosis risk fac-
tors on the degree of osteoporotic fracture risk.

3.PATIENTS AND METHODS

The research is aretrospective-prospective study which
analyzed 120 patients divided into two groups: 1) asymp-
tomatic patients with known risk factors for osteoporosis
in the age group of 40-65 (n=60), 2) asymptomatic patients
with known risk factors for osteoporosis in the age group of
65-90 (n=60). Both groups were formed using the random
sampling method: the first group was formed of the total
of 400 patients under the age of 65, and the second group
of 600 patients above 65. This study includes only patients
who were not previously diagnosed as having primary os-
teoporosis.

FRAX® questionnaire was used for the osteoporotic
fracture risk assessment in all patient groups, with prior
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approval of the Centre for Metabolic Bone Diseases, Uni-
versity of Sheffield from the United Kingdom.

Fracture risk assessment was calculated using the online
FRAX® calculator. High risk is defined as the hip fracture
risk higher than 3% or the risk of a “big” osteoporotic
fracture higher than 20%. Results are expressed as mean
values with a standard deviation. A comparison between
tested patient groups was made applying the student T test.

4. RESULTS
The survey covered 120 patients aged > 40 and < 90, of
which 92 women, and 28 men.

Age in years
(mean value and stan-
dard deviation)

Characteristics Patients (n)

Sex
women 92 66.03+12.71
men 28 65.21+12.64
Age groups by years
40-49 17 46.00£3.25
50-59 25 56.36%3.05
60-69 32 64.78+2.77
70-79 26 74.96%3.05
80-89 20 84.40+2.87
Age groups
40-64 60 55.33£7.03
65-89 60 76.35+6.98
Total 120 65.84+12.65
Table 1. Demographic characteristics
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Figure 1. 10-year fracture risk
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Figure 2. 10-year fracture risk by age
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% of 10-year hip
fracture risk

Mean value and

standard deviation P value
Sex n
women 92 4.2%6.7
men 28 1.1£2.1 <0.01
Age groups
40-64 60 0.7£1.3
65-89 60 6.3£7.6 <0.01
Age groups by years
40-49 17 0.2£0.3
50-59 25 0.7%0.9
60-69 32 1.6%1.6
70-79 26 5.1%6.7
80-89 20 10.8%9.0 <0.01

Table 2. 10-year hip fracture risk by age groups
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Figure 3. Impact of age on 10-year fracture risk

It was found in the tested sample that 38 (32%) of pa-
tients are under high hip fracture risk, of which 34 (28%)
of patients are under the hip fracture risk higher than 3%,
and the risk for 4 (0.03%) patients is higher than 20% , (risk
of “big” osteoporotic fracture).

Mean value of 10-year hip fracture risk in the group of
tested patients aged 40-64 is 0.7%, and 6.3% in the age
group of 40-64.

Mean value of 10-year hip fracture risk by age groups is
shown in Table 2.

Impact of anthropometric risk factors on 10-year
fracture risk

Impact of age

The high fracture risk is statistically more represented
among patients in the age group of 65-89, than in the age
group of 40-64.

Impact of sex

It was found that the high fracture risk is statistically
significantly more represented among women than among
men.

Impact of clinical risk factors on 10-year fracture risk

Impact of positive family anamnesis for hip fracture

In the patient group with high fracture risk, there is a
statistically significant larger number of patients with a
positive anamnesis for hip fracture in parents, compared
to patients without high fracture risk.

Impact of previous fractures
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Figure 4. Impact of family anamnesis on 10-year fracture risk
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Figure 5. Impact of previous fractures on 10-year fracture risk
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Figure 6. Impact of the use of glucocorticoids on 10-year fracture
risk

Tested patients with high fracture risk had a statistically
significant larger number of previous fractures compared
to patients without high risk.

Impact of the use of glucocorticoids

The use of glucocorticoids is more represented in pa-
tients with high fracture risk, and the difference is statis-
tically significant compared to patients without high risk.

Impact of rheumatoid arthritis

Among patients with high fracture risk, there was a
statistically significant larger number of patients with
rheumatoid arthritis compared to patients without high
fracture risk.

Impact of smoking

Among patients with high fracture risk, there is a sta-
tistically significant larger number of smokers compared
to patients without high fracture risk.

The contribution of individual risk factors to the overall
10-year fracture risk is different depending on the type,
number and association of individual risk factors. A posi-
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Figure 7. Impact of rheumatoid arthritis on 10-year fracture risk
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Figure 8. Impact of smoking on 10-year fracture risk

tive family anamnesis for fractures contributes the most
to the overall 10-year fracture risk.

5.DISCUSSION

Osteoporosis is a systemic skeleton disease character-
ized by the bone mass decrease and bone structure changes,
which results in higher inclination to bone tissue fractures.
BMD is a strong predictor of future fractures and osteo-
porosis is currently defined on BMD (5). However, many
fractures occur in persons with BMD values beyond the
defined osteoporosis threshold, and BMD measurement
only partially identifies the part of the population with
increased fracture risk. It is known that, as predictors of
future fractures, risk factors are influencing the bone mass
reduction by reducing the maximum bone mass developed
by the age of 35 and/or accelerate the usually normal pro-
cess of gradual and mild bone mass reduction which begins
after the age of 35, and thereby increase the fracture risk.
Also, it is known that some risk factors and their associa-
tion may lead to an increased fracture risk irrespective of
the bone mass and T-score. Apart from determining the
bone metabolism markers and BMD value of the spine and
hip, the assessment of presence of numerous clinical risk
factors for fracture and osteoporosis is necessary for defin-
ing the overall fracture risk. Today, it is believed that the
existence of osteopenia with previous low trauma fracture
represents the first indication for therapy introduction.
Also, there is a polemic among authors in the literature
on whether the DEXA finding on the low back and hip
within the osteoporosis, without the existence of fracture
risk factors, represents a therapy indication, or the patient
can only be monitored (6). To resolve this disagreement, a
group of WHO researchers, in cooperation with the Centre
for Metabolic Bone Diseases, University of Sheffield from
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the United Kingdom developed a fracture risk assessment
tool in early 2000s, which is more global than

the assessment based on BMD only. Numerous clinical
risk factors were identified and validated as fracture pre-
dictors independently of BMD. The FRAX® algorithm was
developed as a tool for the assessment of 10-year fracture
risk and the “big” osteoporotic fracture (spine, forearm,
hip or shoulder fracture in persons above the age of 40).
It analyses 12 parameters related to osteoporosis risk
factors and fracture risk. Age is a separate and dominant
risk factor for osteoporosis and fractures (7). Some of the
studies point out that women above 65 have 1.5-2 times
higher fracture risk than women under the age of 65 (8).
Sex also represents a special risk factor for osteoporosis and
future fractures. Bodily weight is a strong determinant of
bone mineral density. Numerous studies indicate that low
body weight represents a bone mass reduction risk fac-
tor, and that it can be useful in the selection of women to
be referred to the bone density testing (9). Many studies
define the positive family anamnesis for fractures as one
of the most important risk factors, and numerous authors
demonstrated the polymorphism of genes responsible for
the genetic predisposition to osteoporosis and increased
fracture risk (10). The use of glucocorticoids represents
a risk factor for osteoporosis and fracture. Some studies
have shown that the fracture incidence increases by 30-
50% during three months of therapy administration in
patients with rheumatoid arthritis who administer corti-
costeroid therapy. The first month of therapy administra-
tion is deemed the highest-risk-bearing for BMD decrease
(11). Smoking of more than 10 cigarettes a day is deemed
a fracture risk factor. Nicotine and many other cigarette
ingredients together reduce the duration of women’s gen-
erative period by decreasing estrogen level, and decrease
calcium absorption from small intestine, which additionally
leads to osteoporosis (12). Results of our research show that
32% of patients of average age of 65.8+12.6 are under high
hip fracture risk, 28% of patients are under the hip frac-
ture risk higher than 3%, and the risk for 0.03% patients is
higher than 20% (risk of big fracture). Tested patients with
high fracture risk, compared to patients without high risk,
had a statistically significant larger number of previous
fractures, more of them were smokers and had a positive
hip fracture anamnesis in parents, rheumatoid arthritis
and use of glucocorticoids, they are advanced age, female,
with lower body weight and height, BMD and T score values.

6. CONCLUSION

Apart from determining the BMD and bone metabolism
markers, the assessment of presence, number, type and as-
sociation of clinical fracture risk factors is important for
defining the overall fracture risk. The impact of the major-
ity of individual risk factors for osteoporosis and fracture is
moderate, and their joint effect is significant. This research
is a contribution to the resolution of polemics among au-
thors, i.e. a dilemma whether persons with multiple clini-
cal risk factors for osteoporosis with T score values beyond
the defined threshold for osteoporosis are candidates for
therapy with bisphosphonates, and a dilemma whether per-
sons without any clinical risk factors for osteoporosis with

13



Secondary Prevention of Osteoporosis Through Assessment of Individual and Multiple Risk Factors

T score values within the defined osteoporosis threshold
require therapy with bisphosphonates, or only monitoring
is sufficient. Future research should certainly assess the
influence of bone metabolism markers on the osteoporotic
fracture risk level, which would complete and improve pre-
vention, diagnostics and treatment of osteoporosis.
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