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Summary
Objetive: The main consequences of osteoporosis are fragility fractures, associated with high morbimortality. The pre‐
diction of these fractures can help identify the most‐at‐risk population and implement preventive measures. The aim of
this study was to assess the usefulness of multiple factors in their prevention, comparing the bone mineral density
(BMD), the calculation of absolute risk of fracture using the tool FRAX® in the presence and absence of BMD, and the cli‐
nical data.
Material and method: An eight‐year‐duration longitudinal study was conducted on a postmenopausal female population,
with and without osteoporosis. All of them were taken a standardised clinical history, spinal and hip BMD, and FRAX with
and without BMD. Eight years later we identified the existent fractures. In addition to a parametric and non‐parametric
statistic in SPSS 21.1, we used the classification and regression tree (CART) method to assess possible interactions among
fracture risk factors.
Results: We studied 276 postmenopausal patients whose average age at the beginning of the study was 61.08±8.43
years‐old and had a body mass index (BMI) of 25.67±4.04. 56.5% of the patients (n=156) were diagnosed with osteo‐
porosis before the beginning of our study, and all of them were treated. After eight years of follow‐up, 72 patients (24.6%)
suffered a fracture and 17 patients (6.2%) also suffered a second one. The results of the CART analysis showed that the
main risk factor to suffer an osteoporotic fracture after 8 years of following up is having preceding fractures. Having a
femoral neck BMD lower than 0.67 was the main risk factor among those with a previous fracture.
Conclusions: The use of a binary statistical procedure (CART) on a cohort of patients allow us identify those most at
risk of fractures, according to clinical parameters and simple additional tests, in order to establish more effective thera‐
peutic measures. 
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INTRODUCTION

The osteoporosis is an illness linked to a high morbi‐
mortality that increases as the population grows older.
It has been defined as a systemic skeletal disease cha‐
racterized by a deterioration of bone micro‐architec‐

ture and a decrease of bone tissue, with a consequent
increase in bone fragility and a higher susceptibility to
fracture1. It is a clinically silent disease that is not ma‐
nifested by other signs but for its complications, frac‐
tures.
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The main consequences of osteoporosis are fragility
fractures that can appear in different locations, though
they typically happen on the vertebrae, distal radius and
proximal extremity of the femur2,3. They are fractures with
a high economic cost and are associated with a higher
morbimortality, specifically those on the vertebrae and the
proximal femur. Hip fracture mortality, the most serious
manifestation of osteoporosis, is 8% during the first
month after the fracture (acute mortality). It rises to 30%
after a year4. Furthermore, the recovery of patients who
do not pass away is poor. Only 30% of patients suffering a
hip fracture return to the baseline situation5. The vertebral
fracture shows a higher incidence than the hip fracture.
While the hip fracture shows a yearly incidence of 1.3‐1.9
cases/1,000 inhabitants/year, the incidence of vertebral
fractures is 13.6/1,000 inhabitants/year in males and
29.3/1,000 inhabitants/year in females2. Although its
mortality is lower than that of hip fracture, it is not despi‐
cable, especially in patients also presenting a respiratory
disease6,7. Therefore  treatments are designed to prevent
its appearance through adequate therapeutic measures.
In order to establish the most appropriate treatment it is
necessary to dispose of stand‐alone diagnostic factors that
help identify the every patient’s individual risk through
additional tests or risk scales.

Bone mineral density (BMD) has demonstrated an
ability to predict fracture risk and also to prove the effi‐
cacy against fractures of different treatments8. This has
been proven by a meta‐analysis, although its usefulness
in individual patients is less measurable9. Moreover,
there are a high number of fractures whose BMD levels
are in the range of osteopenia10. 

Due to the current difficulty in some countries to
carry out densitometries, different clinical procedures
have been developed to establish fractures risks and in‐
dication of densitometry11. These procedures have not
been clearly implemented owing to the development of
the FRAX® tool, which is a risk scale sponsored by the
World Health Organization consisting of a very simple‐
to‐use computer tool whose risk has been adjusted by
country. Its purpose is to identify the risk of fracture in
men and women between 40 to 90 years12. However, it
also poses problems by not including important fracture
risk factors such as falls, the lack of definition of osteo‐
porosis secondary causes or the corticosteroid dosing,
the underestimation of osteoporotic major fracture risk
in some populations and its invalidity on treated osteo‐
porosis patients. On the other hand,  simple clinical data
reportedly have prediction ability comparable to that of
the FRAX10.

The objective of this study, then, was to assess the
fracture prediction ability of BMD, of the FRAX with or
without BMD and of clinical data in an osteoporosis‐tre‐
ated female population and in a non‐osteoporotic female
population showing risk factors of the disease over an
eight‐year follow‐up, by using the classification and re‐
gression tree method (CART). Its ultimate goal is to iden‐
tify those patients with the highest risk of osteoporotic
fracture.

PATIENTS AND METHODS

Patients
A retrospective and longitudinal study was conducted in
postmenopausal women with suspected osteoporosis or
with osteoporosis diagnosis. Inclusion criteria were: having
amenorrhea the preceding twelve months, and osteoporo‐

tic diagnostic or diagnostic suspicion according the clinical
criteria established by the National Osteoporosis Founda‐
tion Clinician’s Guide to Prevention and Treatment of Os‐
teoporosis13. Exclusion criteria were: the absence of
osteoporosis risk factors, the lack of monitoring data and
not signing the written informed consent. All women
were taken a standard clinical history including demogra‐
phic data, lifestyle‐related factors and prior diseases.
Their height and weight were measured in order to get
their body mass index (weight –kg‐/height2 –m‐). Baseline
data were collected in 2011. All patients were calculated
the FRAX with and without BMD. All their clinical histo‐
ries were checked again in 2019. Clinical fractures were
identified through the reports from the traumatology and
emergency wards. In case of any doubt, X‐rays were chec‐
ked. Lateral spine X‐rays were assessed in order to iden‐
tify incidental fractures by applying the Genant criteria14.

Bone densitometry
To establish BMD, a densitometer DXA Prodigy® (GE Health‐
care, Madison, Wisconsin, USA) was used following the
manufacturer’s recommendations.  BMD was carried out
on the lumbar spine (L1‐L4), femoral neck and total hip.
The T‐score was appraised using the values of normality
for the Spanish population.

Statistical analysis
Continuous variables are expressed as median±standard
deviation (SD), while categorical variables are expressed
as absolute (n) and relative (%) frequencies. We used
Chi‐square test to compare the categorical variables. The
Kolmogorov‐Smirnov test was used to analyse the dis‐
tribution of the variables.

The analysis of variance test was used to get parametric
variables (ANOVA) while non‐parametric variables were
determined by the Mann‐Whitney U test (two groups) or
the Kruskal‐Wallis test (more than two groups). 

CART analysis was used to asses possible interactions
among fracture risk factors statistically linked to having
suffered a fracture after eight years of follow‐up. CART
analysis is a binary partitioning method which provides
a graphic structure similar to a decision tree15. This
allows the identification of subgroups of subjects with a
higher risk of suffering an osteoporotic fracture. The
pool of patients featuring the entire sample is classified
in groups based on a dependent factor (in this case: pa‐
tients who have suffered fractured vs. patients who have
not suffered fracture). During the procedure, all possible
independent factors (or variables) are examined and the
factor that is more closely connected with regard to the
dependent variable is selected. Then, two new groups
are created (nodes). This partitioning process is repea‐
ted for each node and stops when there is no statistical
association between a dependant variable and the rest
of independent variables, or when the size of the group
sample is small. The Bonferroni correction was applied
to the CART analysis.

P values less than 0.05 were considered significant.
All the analyses were carried out by means of the statis‐
tical package SPSS 22.0 (SPSS, Chicago, Illinois, USA).

Ethical aspects
The protocol complies with the Declaration of Helsinki
(2008) by the World Medical Association. It was appro‐
ved by the Ethics Committee of Río Hortega University
Hospital (Valladolid, Spain) and is in line with Spain’s
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data protection law (LO 15/1999) and its specifications
(RD 1720/2007). All patients who agreed to participate
in the study signed a written consent.

RESULTS

Our work included the study and follow‐up of 276 postme‐
nopausal patients whose mean age at the start of the
study was 61.08±8.43 years. The BMI was 25.67±4.04. Al‐
most all the patients were Caucasian (n=274, 99.6%),
only one patient was of South American ethnicity (0.4%).
Regarding gynecological data, the age at menarche was
13.03±1.46 years and the age at menopause was
47.99±5.75 years. The patients had a mean of 2.07±1.3
children. 56.5% of the patients (n=156) were diagnosed
with osteoporosis before the start of our study, and all of
them were treated. After eight years of follow‐up, 72 pa‐
tients (24.6%) had suffered a fracture and 17 (6.2%) had
also suffered a second fracture; 61 patients (22.1%) had
suffered a fracture being over 55 years of age. The data
for the global population are shown in table 1.

There were 16 (8.6%) patients treated with thiazides,
32 (17.1%) with serotonin receptor inhibitors, 1 (0.5%)
with androgen inhibitors, 8 (4.3%) with beta‐blockers,
20 (10.7%) with thyroid hormones, 74 (27%) with an‐
tiresorptive agents, 4 (1.5%) with hormone replacement
therapy, 11 (4%) with anabolic therapy, 25 (9%) with
corticosteroids and 10 (3.6%) with strontium ranelate.
Table 2 shows the characteristics of the included pa‐
tients divided into two groups: patients with fractures
occurred during the eight years of follow‐up and pa‐
tients without fractures.

The results of the CART analysis showed that the
main risk factor for suffering an osteoporotic fracture

after 8 years of follow‐up was having suffered previous
fractures. Among patients who had suffered a previous
fracture, having a femoral neck BMD less than 0.67 was
the main risk factor. Among the patients who had not
suffered previous fractures, the main risk factors were
BMI and having a FRAX without BMD (major osteoporo‐
tic fracture) greater than 9.30 (Figure 1). Figure 2 shows
the results of the CART analysis in patients diagnosed
with osteoporosis. The main risk factors for suffering a
fracture after 8 years of follow‐up were having suffered
previous fractures and presenting a BMD of the femoral
neck less than 0.663. Among the patients who had not
suffered previous fractures, the main risk factor was
being over 67 years of age (Figure 2). Finally, the results
of the CART analysis in patients not diagnosed with os‐
teoporosis showed that the main risk factors for suffering
an osteoporotic fracture were being over 55 years of age
and having previously suffered the associated non‐bone‐
related disease, comorbidity (Figure 3).

DISCUSSION

In our study, the data that allow us to pin‐point patients
who have suffered an osteoporotic fracture during fo‐
llow‐up are the existence of a previous fracture, age, and
FRAX with or without BMD. This last data loses part of
its value in the CART analysis, which is why it is probably
a marker of disease severity rather than a predictor in
our series. In the CART analysis, which takes into consi‐
deration the factors that may influence the subsequent
appearance of fractures, we witnessed that the key ele‐
ment for the total population is the existence of a pre‐
vious fragility fracture supplemented with a BMD lower
than 0.67 in the femoral neck, while in the absence of

Table 1. General characteristics of the population included in this study

Age (years) 61.08 ± 8.43

Age of menarche (years) 13.03 ± 1.46

Age of menopause (years) 47.99 ± 5.75

Number of children 2.07 ± 1.20

BMI (kg/m2) 25.67 ± 4.04

FRAX without BMD (major osteoporotic fracture) 2.17 ± 3.83

FRAX without BMD (hip fracture) 2.17 ± 3.83

FRAX with BMD (major osteoporotic fracture) 12.49 ± 9.11

FRAX with BMD (hip fracture) 3.15 ± 4.04

FRAX with BMD (hip fracture), high risk 71 (27.6%)

Family history of fracture 42 (15.2%)

Family history of osteoporosis 104 (37.8%)

Tobacco 88 (30.0%)

Alcohol 3 (1.1%)

Preceding fractures 87 (37.8%)

Pathological history (excluding bone-related) 62 (19.7%)

Spine BMD, g/cm2 0.860 ± 0.130

Femoral neck BMD, g/cm2 0.834 ± 0.138

Total hip BMD, g/cm2 0.860 ± 0.130

Osteoporosis 156 (56.2%)

BMI: body mass index; BMD: bone mineral density. Data expressed as means ± standard deviation and absolute number (percentage).
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fractures, a BMI of 28 or lower and a FRAX for a major
osteoporotic fracture above 9.3 would be the determi‐
ning elements. In patients diagnosed with osteoporosis,
under active treatment, the data are similar to those des‐
cribed for the general population except that, in those
cases without a previous fracture, FRAX did not play any
role in determining that 67 years of age is the distinguis‐
hing data. This is logical given that FRAX is of no use in
treated osteoporotic patients. In patients without osteo‐
porosis, the factor that determines the appearance of
fractures is an age of over 55 years and the associated
non‐bone‐related pathology, comorbidity.

The importance of secondary prevention is based on
the fact that prior fractures constitutes the first deter‐
minant in the appearance of posterior fractures16,17. A
high percentage of men and women are considered at
high risk, which has been determined by a previous frac‐
ture and not diagnosed or treated18. This occurs for any
fragility fracture location, being especially significant for
vertebral and hip fracture. In the first case, in addition
to the fracture itself, its severity according to Genant's
classification and the number of fractures increase the
risk19. Hip fracture is the most serious complication of
osteoporosis, not only because of its ability to predict
subsequent risk, but also because of its high morbimor‐
tality. Furthermore, in this case, BMD is a strong and
consistent predictor of posterior fracture20. New studies
carried out in real clinical practice to assess the efficacy
of different treatments have shown that the increase in
BMD is a determining factor in its efficacy reducing frac‐
tures21. In our study, the existence of a BMD in the femo‐
ral neck below 0.660 was a strong predictor consistent

with these data. Another important factor in the appea‐
rance of new fractures is the time factor. This is where
the concept of imminent risk of fracture has arisen,
which is greater in the first two years after the frac‐
ture22,23. In a study carried out in a group that included
377,561 older women, the greatest risk of fracture was
found to occur in the following 5 years, and especially
frequent in the first two. These authors found that the
determining factors were age, the location of the frac‐
ture and the associated bone disease24. In our study, this
imminent risk and the location of the posterior fractures
have not been determined. However, in patients not
diagnosed with osteoporosis, age and associated patho‐
logy were present, coinciding with the data from this
large series.

Age was another important risk factor in our CART
analysis, especially in patients without prior osteoporo‐
sis and in patients with osteoporosis but without prior
fracture. Numerous published studies have confirmed
this fact. Ensrud et al. 25, in a group of 6,652 women and
with a 10‐year follow‐up, concluded that models based
on age and BMD, or on age and fractures, predicted risk
in a similar way to FRAX. Similar data were obtained by
Bolland et al.26 when comparing two scales, FRAX and
Garvan, with age and BMD. In the Glow study, with
19,586 female participants over 60 years of age, it was
observed that a model based on age and previous frac‐
tures was superior to FRAX and Q‐Fracture without
BMD27.

Another relevant fact of our study is the small role of
FRAX in our CART analysis. We can see that the FRAX,
both with BMD and without BMD, makes differences

Table 2. Clinical characteristics of the patients included in this study, comparing those who have suffered fragility
fractures to those who have not

BMI: body mass index; BMD: bone mineral density. Data expressed as means ± standard deviation and absolute number (percentage).

Fracture after eight years of follow-up.

No (n = 215) Yes (n = 61) P value

Age (years) 57.74 ± 7.40 60.96 ± 5.69 0.039

Age of menarche (years) 12.91 ± 1.52 13.03 ± 1.50 0.711

Age of menopause (years) 48.45 ± 5.50 49.26 ± 5.04 0.501

Number of children 2.05 ± 1.23 1.96 ± 1.19 0.736

BMI (kg/m2) 25.30 ± 4.29 27.21 ± 4.08 0.043

FRAX without BMD (major osteoporotic fracture) 3.98 ± 3.06 5.01 ± 3.52 0.14

FRAX without BMD (hip fracture) 1.05 ± 1.45 1.32 ± 1.79 0.414

FRAX without BMD (hip fracture), high risk 4 (4.3%) 2 (7.4%) 0.514

Family history of fracture 11 (11.8%) 4 (14.8%) 0.68

Family history of osteoporosis 33 (35.9%) 8 (29.6%) 0.549

Tobaco 37 (39.8%) 11 (40.7%) 0.929

Alcohol 1 (1.1%) 1 (3.7%) 0.348

Preceding fractures 17 (18.3%) 9 (33.3%) 0.095

Pathological history (excluding bone-related) 29 (31.2%) 4 (14.8%) 0.094

Spine BMD, g/cm2 1.04 ± 0.14 1.0 2± 0.19 0.526

Femoral neck BMD, g/cm2 0.87 ± 0.15 0.86 ± 0.10 0.735

Total hip BMD, g/cm2 0.90 ± 0.13 0.91 ± 0.10 0.697
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Figure 1. CART analysis (Classification and regression tree) in order to study the main risk factors associated with
the risk of suffering an osteoporotic fracture in all the patients included in our study

Patients with fracture: 61 (22.1%)
Patients without fracture: 215 (77.9%)

Total: 276 (100%)

Patients with fracture: 31 (16.4%)
Patients without fracture: 158 (83.6%)

Patients with fracture: 20 (12.8%)
Patients without fracture: 136 (87.2%)

Patients with fracture: 14 (9.9%)
Patients without fracture: 127 (90.1%)

Patients with fracture: 6 (40.0%)
Patients without fracture: 9 (60.0%)

Patients with fracture: 11 (33.3%)
Patients without fracture: 22 (66.7%)

Patients with fracture: 10 (71.4%)
Patients without fracture: 4 (28.6%)

Patients with fracture: 20 (27.4%)
Patients without fracture: 53 (72.6%)

Patients with fracture: 30 (34.5%)
Patients without fracture: 57 (65.5%)

Previous fracture
p‐value = 0.001

BMI
p‐value = 0.035

FRAX without BMD (increased osteoporotic)
p‐value = 0.008

Femoral neck BMD
p‐value = 0.013

No

<9.30 >9.30

>0.67

Yes

<28.56 <0.67>28.56

Figure 2. CART analysis (Classification and regression tree) in order to study the main risk factors associated with
the risk of suffering an osteoporotic fracture in those patients diagnosed with osteoporosis

Patients with fracture: 34 (21.8%)
Patients without fracture: 122 (78.2%)

Total: 156 (100%)

Patients with fracture: 13 (13.7%)
Patients without fracture: 82 (86.3%)

Patients with fracture: 5 (7.2%)
Patients without fracture: 64 (92.8%)

Patients with fracture: 8 (30.8%)
Patients without fracture: 18 (69.2%)

Patients with fracture: 7 (100%)
Patients without fracture: 0 (0%)

Patients with fracture: 14 (25.9%)
Patients without fracture: 40 (74.1%)

Patients with fracture: 21 (34.4%)
Patients without fracture: 40 (65.6%)

Previous fracture
p‐value = 0.002

Age
p‐value = 0.026

Femoral neck BMD
p‐value = 0.001

No

>0.6630

Yes

<67 years <0.6630>67 years

Figure 3. CART analysis (Classification and regression tree) in order to study the main risk factors associated with
the risk of suffering an osteoporotic fracture in osteoporosis-free patients

Patients with fracture: 27 (22.5%)
Patients without fracture: 93 (77.5%)

Total: 120 (100%)

Patients with fracture: 4 (8.5%)
Patients without fracture: 43 (91.5%)

Patients with fracture: 3 (14.3%)
Patients without fracture: 18 (85.7%)

Patients with fracture: 20 (38.5%)
Patients without fracture: 32 (61.5%)

Patients with fracture: 23 (31.5%)
Patients without fracture: 50 (68.5%)

Age
p‐value = 0.001

Pathological antecedents
p‐value = 0.044

<55 years

Yes

>55 years

No
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between the patients who do and do not fracture, but
when conducting a statistical analysis based on algo‐
rithms, its value disappears. Only when analysing the
total population, a FRAX for major osteoporotic fracture
without BMD, higher than 9.3, has a role in patients wi‐
thout fracture. This FRAX value coincides with the FRAX
thresholds established by Azagra et al.28 in their analysis
of the Fridex cohort. These authors divided the patients
into three groups, considering those with a FRAX greater
than 10 as high risk. This may be due to several facts. In
the Spanish population, FRAX underestimates the risk
of major osteoporotic fracture. Several cohorts have
tried to validate it by analyzing the differences between
predicted and observed fractures29‐31. The results can be
considered acceptable in predicting the risk of hip frac‐
ture, but not for that of a major osteoporotic fracture,
probably due to the lack of robust epidemiological data
for this type of fracture. Comparing the FRAX with other
simpler tests, including only age, has not shown a grea‐
ter predictive ability32. Another fact of our study is that
osteoporotic patients were receiving active treatment,
therefore, it was not possible to validate FRAX in their
cases.

Another noteworthy fact in non‐osteoporotic patients
is the importance of non‐bone‐related pathological re‐
cords, comorbidity in the appearance of fractures. Unfor‐
tunately, there is no single approved index to assess
fragility in clinical practice33. Some used indices have been

associated with an increased risk of fractures34 and falls35.
The Glow cohort and the CaMos cohort used different in‐
dices to assess the relationship between fragility and frac‐
tures, but both include many of the parameters assessed
in our study. The variables of the Glow fragility fracture
index included 15 items on comorbidity, 12 on basic acti‐
vities of daily living (similar to the Barthel index), 6 items
on signs and symptoms (fullness of life, energy, exhaus‐
tion, fatigue, non‐intentional self‐assessed pain/discon‐
fort, weight loss). The fragility index used in the CaMos
cohort included 30 items, 13 referring to pathology, 5 to
functional aspects (vision, hearing, gait, manual dexte‐
rity/use of tools and cognition) and 12 to general health
and daily activities. However, the Charlson index was not
associated with the risk of fracture, although some stu‐
dies, such as the SIDIAP registry, which included 186,171
men, found that a Charlson index ≥3 was linked to an in‐
creased risk of hip fracture36. The newest finding in this
study is the use of the CART statistical methodology to es‐
tablish the risk of posterior fracture in a heterogeneous
population that included osteoporotic patients under ac‐
tive treatment and non‐osteoporotic patients.

In conclusion, the use of a binary statistical procedure
(CART) in a cohort of patients allows us to identify pa‐
tients with a higher risk of fractures based on clinical pa‐
rameters and complementary tests that are simple to
carry out and establish more effective therapeutic mea‐
sures.

Conflict of interests: The authors declare no conflict of interest.
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