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Abstract
Summary Age-specific intervention and assessment thresholds were developed for seven Latin American countries. The inter-
vention threshold ranged from 1.2% (Ecuador) to 27.5% (Argentina) at the age of 50 and 90 years, respectively. In the Latin
American countries, FRAX offers a substantial advance for the detection of subjects at high fracture risk.
Introduction Intervention thresholds are proposed using the Fracture Risk Assessment (FRAX) tool. We recommended their use
to calculate the ten-year probability of fragility fracture (FF) in both, men and women with or without the inclusion of bone
mineral density (BMD). The purpose of this study is to compute FRAX-based intervention and BMD assessment thresholds for
seven Latin American countries in men and women ≥ 40 years.
Methods The intervention threshold (IT) was set at a 10-year probability of a major osteoporotic fracture (MOF) equivalent to a
woman with a prior FF and a body mass index (BMI) equal to 25.0 kg/m2 without BMD or other clinical risk factors. The lower
assessment threshold was set at a 10-year probability of aMOF in womenwith BMI equal to 25.0 kg/m2, no previous fracture and
no clinical risk factors. The upper assessment threshold was set at 1.2 times the IT.
Results For the seven LA countries, the age-specific IT varied from 1.5 to 27.5% in Argentina, 3.8 to 25.2% in Brazil, 1.6 up to
20.0% in Chile, 0.6 to 10.2% in Colombia, 0.9 up to 13.6% in Ecuador, 2.6 to 20.0% in Mexico, and 0.7 up to 22.0% in
Venezuela at the age of 40 and 90 years, respectively.
Conclusions In the LA countries, FRAX-based IT offers a substantial advance for the detection of men and women at high
fracture risk, particularly in the elderly. The heterogeneity of IT between the LA countries indicates that country-specific FRAX
models are appropriate rather than a global LA model.
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Introduction

Osteoporosis is a disease of concern from the perspec-
tive of public health due to its enormous economic and
societal impact. Unfortunately, because of its silent na-
ture, it is often not diagnosed until a fragility fracture
(FF) has occurred. As a result, measuring the risk of
having a FF has become important for the assessment
of osteoporosis due to the well-established fracture risk
reduction when lifestyle changes and pharmacological
therapy are initiated before the fracture occurs [1, 2].

Several instruments are reported in the literature that mea-
sure the risk of fracture [3], but of these, only Fracture Risk
Assessment (FRAX®) tool was designed to be implemented
worldwide. The FRAX tool measures the 10-year probability
of having a FF based in the local epidemiology of fracture and
the risk of death of each country; this is supplemented with
information from seven clinical risk factors, that together with
age, and body mass index calculate the 10-year probability of
either hip fracture alone or a major osteoporotic fracture
(MOF) (forearm, hip, clinical spine, or humeral fracture).
Clinical risk factors were identified through a series of meta-
analyses, and the model was developed with and without the
use of bone mineral density (BMD) in order to be of use in
case finding in primary care where BMD is not available. This
instrument was designed by the World Health Organization
(WHO) Collaborating Centre for Metabolic Bone Diseases at
Sheffield, United Kingdom (UK), and has become the most
widely used instrument to evaluate the risk of a FF; models for
64 countries across the world are currently available [4].

In Latin America (LA), as in most regions in the world, the
population is aging. Increments up to 280% in the population
over 70 years of age from 2011 to 2015 have been estimated,
and the prevalence of osteoporosis and FF is expected to rise
in parallel [5].

Current estimates of annual rate for hip fractures in
Argentina are as high as 488 per 100,000 for the population
over 50 years; in Mexico, projections indicate a steep increase
in the number of hip fractures from 20,725 in 2005 to 110,055
in 2050, an increase of 531% and, similar figures are estimated
for Brazil. The Latin American Vertebral Osteoporosis Study
(LAVOS) reported a 14% overall fracture rate for vertebral
fractures in five countries (Argentina, Brazil, Colombia,
Mexico, and Puerto Rico). The vertebral fracture prevalence
rate reached as high as 38% in women 80 years and over.
Therefore, with these data in mind, it is of the utmost impor-
tance to be able to accurately estimate the risk of fracture from
both a clinical and a public health perspective in order to take
action aimed at preventing FF [5–7].

Currently, FRAX is available in seven countries within the
LA region (Argentina, Brazil, Colombia, Chile, Ecuador,
Mexico, and Venezuela), but the lack of specific thresholds
and cutoff points limits their use. The objective of the present

study was to develop age-specific intervention thresholds for
the LA countries where FRAX models are available to facil-
itate the use of this tool among clinicians.

Methods

The setting of intervention and assessment thresholds follow-
ed the methodology described for the case finding with FRAX
byKanis et al. [8] for the UK. The strategy was adopted by the
National Osteoporosis Guideline Group (NOGG) [9], has
been approved by the National Institute for Health and Care
Excellence (NICE) in the UK [10] and was consistent with the
clinical practice and guidelines for the diagnosis and treatment
of osteoporosis in postmenopausal women published in 2013
by the Mexican National Health System under the coordina-
tion of the National Center of Excellence [11], and the recent
Mexican guidelines for diagnosis and treatment at the primary
care level [12] in which, a woman with a prior FF should be
considered for treatment, as suggested by many international
guidelines. Since the Argentinian and Colombian Guidelines
adopted the same recommendations, we followed the same
recommendations for the remaining countries with FRAX in
the region since national guidelines have not been updated
following the introduction of FRAX models for these coun-
tries (Brazil, Chile, Ecuador, and Venezuela).

The use of the NOGG strategy for primary care in the
UK was chosen because it is easily adaptable to countries
where the fracture and death risks vary, as is the case in
LA [8, 13]. Additionally, the strategy is not solely depen-
dent on BMD testing and the availability of densitometry
in the LA region is suboptimal. The UK guidance for the
identification of individuals at high fracture risk, devel-
oped by the NOGG, recommends that postmenopausal
women with a prior fragility fracture may be considered
for intervention without the necessity for a BMD test. In
women without a fragility fracture but other FRAX risk
factors, the intervention threshold set by NOGG is at the
age-specific fracture probability equivalent to women
with a prior fragility fracture. The same intervention
threshold is applied to men, since the effectiveness and
cost-effectiveness of intervention in men is broadly simi-
lar to that in women for equivalent risk.

The NOGG management strategy considers two additional
thresholds:

& A threshold probability below which neither treatment nor
a BMD test should be considered (lower assessment
threshold)

& A threshold probability above which treatment may
be recommended irrespective of BMD (upper assess-
ment threshold)
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Fracture probabilities for a major osteoporotic fracture
were calculated using the FRAX tool calibrated for the epide-
miology and death of the seven LA countries (Argentina,
Brazil, Chile, Colombia, Ecuador, Mexico, and Venezuela).

The intervention threshold in each country was the 10-
year probability of osteoporotic fracture in a woman with a
body mass index (BMI) equal to 25.0 kg/m2 and a previous
fracture, without BMD and without other clinical risk fac-
tors; the lower assessment threshold was the age-specific
fracture probability for a woman with BMI equal to
25.0 kg/m2, no previous fracture and no clinical risk factors.

The upper assessment threshold was set at 1.2 times the
intervention threshold. In this case, the risk of changing
category from high risk to low risk or vice versa when
adding BMD to the estimation of fracture probability is
highest close to the threshold [14]. When individuals have
a fracture probability that is 20% or more than the interven-
tion threshold, almost no individuals are reclassified when
probabilities are recomputed with the addition of BMD to
FRAX. Thus, the risk of changing category from high risk to
low risk or vice versa when adding BMD to the estimation
of fracture probability is minimized [14].

Table 1 Ten-year probability of a
major osteoporotic fracture (%)
by age at the intervention
thresholda calculated with FRAX
for the seven Latin American
countries

Age Latin American countries

Argentina Brazil Chile Colombia Ecuador Mexico Venezuela

40 1.5 3.8 1.6 0.6 0.9 2.6 0.7

45 2.2 4.4 2.0 1.4 1.0 3.5 1.2

50 2.3 4.9 2.5 2.8 1.2 4.5 1.7

55 3.3 5.5 3.2 4.7 1.4 5.8 2.4

60 6.6 6.3 4.5 6.3 1.7 7.7 3.5

65 12 7.1 6.5 7.1 2.3 10 4.9

70 15 9.2 9.2 7.7 3.4 14 6.7

75 16 13 13 8.4 5.0 17 9.2

80 19 16 17 8.7 6.8 19 12

85 25 21 21 9.5 9.9 20 18

90 27 25 20 10 14 20 22

No BMD given
aThe threshold is the probability of osteoporotic fracture for a woman with BMI 25.0 kg/m2 and a previous
fracture and no other clinical risk factors. No BMD given

Table 2 Lower and upper assessment thresholds derived with FRAX for the seven Latin American countries, by age. Individuals with probabilities
lying between the assessment thresholds may be referred of the measurement of BMD

Latin American countries

Argentina Brazil Chile Colombia Ecuador Mexico Venezuela

Age Lowerb Upperc Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper

40 0.7 1.8 1.7 4.6 0.7 1.9 0.3 0.7 0.4 1.1 1.2 3.1 0.3 0.8

45 1.0 2.6 2.0 5.3 0.9 2.4 0.6 1.7 0.5 1.2 1.6 4.2 0.5 1.4

50 1.0 2.8 2.3 5.9 1.1 3.0 1.3 3.4 0.5 1.4 2.1 5.4 0.8 2.0

55 1.5 4.0 2.6 6.6 1.5 3.8 2.2 5.6 0.7 1.7 2.7 7.0 1.1 2.9

60 3.2 7.9 3.0 7.6 2.2 5.4 3.1 7.6 0.8 2.0 3.8 9.2 1.7 4.2

65 6.1 14 3.5 8.5 3.2 7.8 3.5 8.5 1.1 2.8 5.2 12 2.4 5.9

70 8.3 18 4.8 11 4.8 11 4.0 9.2 1.8 4.1 7.3 17 3.5 8.0

75 9.2 19 7.0 16 7.3 16 4.7 10 2.8 6.0 9.8 20 5.1 11

80 12 23 9.7 19 11 20 5.2 10 4.1 8.2 12 23 7.5 14

85 16 30 13 25 13 25 5.7 11 6.0 12 12 24 11 22

90 18 33 16 30 12 24 6.2 12 8.4 17 13 24 14 26

b The lower assessment is the probability of osteoporotic fracture for a woman with BMI 25.0 kg/m2 and no clinical risk factors. No BMD given
c The upper assessment was set at 1.2 times the intervention thresholda
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Results

The 10-year fracture probabilities for the seven LA coun-
tries calculated using the country-specific FRAX models
are shown in Table 1. In this case, the risk probabilities
for the intervention thresholds are equivalent to a man or
woman with previous fracture, no BMD, and no other
clinical risk factors and computed from the ages of 40 to
90 years. In general, in all countries evaluated in the pres-
ent analysis, the 10-year probability of MOF increased
with age. Particularly, for Argentina, the probability rose
with age, from 1.5% at the age of 40 years to 27.5% at the
age of 90 years; whereas, for Mexico, women with previ-
ous fracture, but, no clinical risk factors, the probability of
a major fracture increased from 2.6% at the age of 40 to
20.0% at the age of 85. Additionally, in Supplementary
Figure 1, the fracture probability in men and women (≥
50 years) with prior fracture is shown. The highest prob-
abilities, from the age of 60–85, are in Argentina, while
the lowest probabilities were observed in Ecuador.

Table 2 shows the 10-year probabilities for a MOF for the
seven LA countries at the lower and upper assessment
thresholds derived using FRAX. The highest risk probabil-
ities for a major fracture were found in Argentina, while the
lowest were found in Ecuador. Brazil, Chile, and Mexico
had similar risk probabilities up to the age of 80 years. For
example, a woman age 72 years in Argentina had a lower
and upper assessment threshold of 8.5 and 18.8%, respec-
tively; while, for Ecuador, the lower and upper assessment
thresholds were 2.1 and 4.8%.

Figures 1 and 2 show intervention and assessment
thresholds for the seven LA countries. For men or women
with equal or higher fracture probabilities than the inter-
vention threshold, treatment is recommended and con-
versely if the probability is lower than the intervention
threshold; no intervention is recommended. The assess-
ment thresholds are used if BMD testing with dual X-
ray absorptiometry (DXA) is available. Where the fracture
probability based on age, sex, and BMI plus clinical risk
factors falls within the upper and lower threshold dual, the
BMD result of the test is input to FRAX to recalculate the
probabilities and make the final recommendations with
the new estimates.

Discussion

In the present study, we have established the intervention and
assessment thresholds for the seven LA countries for which

FRAX models have been developed. As in other countries
[15–17], and given that the effectiveness and cost-
effectiveness of intervention in men are largely comparable
to those in women for equivalent risk, we used the same in-
tervention thresholds for men. For the seven LA countries, the
intervention threshold was, as expected, age-specific and
ranged from 1.2% (Ecuador) to 4.9% (Brazil) at the age of
50 years and from 10.2% (Colombia) to 27.5% (Argentina) at
the age of 90 years. The large variation in intervention thresh-
olds is consistent with the heterogeneity in fracture probabil-
ities between countries [13] and indicates that country-specific
thresholds are appropriate, rather than a generic LA threshold.

The utilization of thresholds, for all the seven LA
countries, shown in Fig. 2 is summarized in Box 1
where facilities are available for the measurement of
BMD at the femoral neck.

Box 1. Assessment of fracture risk with FRAXwith limited
access to BMD [18]

• Fracture risk should be assessed in postmenopausal wom-
en with one or more clinical risk factor where assessment
would influence management.

• Women with a prior FF should be considered for treat-
ment without the need for further risk assessment although
BMD measurement may sometimes be appropriate, particu-
larly in younger postmenopausal women.

• In women without a prior FF, the 10-year probabilities of
a MOF (clinical spine, hip, forearm, or humerus) and hip
fracture should be determined using FRAX without BMD.

• In the absence of other clinical considerations, men and
women with probabilities below the lower assessment thresh-
old can be reassured, and those with probabilities above the
upper assessment threshold can be considered for treatment.

• Those with probabilities above the lower assessment
threshold but below the upper assessment threshold can be
considered for testing with BMD using DXA, and their frac-
ture probability reassessed. Thereafter, women with probabil-
ities above the intervention threshold should be considered for
treatment.

The application of the guidance above depends on the
availability of densitometry. Where facilities for BMD testing
are wanting, FRAX can be used without BMD as summarized
in Box 2.

Box 2. Assessment of fracture risk with FRAX without
BMD [18]

• Fracture risk should be assessed in postmenopausal wom-
en with one or more clinical risk factor where assessment
would influence management.

• Women with a prior FF should be considered for treat-
ment without the need for further risk assessment.

• In men and in women without a prior FF, the 10-year
probabilities of a MOF (clinical spine, hip, forearm, or humer-
us) and hip fracture should be determined using FRAX with-
out BMD. In the absence of other clinical considerations, men

�Fig. 1 Intervention threshold as set by FRAX-based 10-year probability
(%) of a major osteoporotic fracture for the seven Latin American
countries
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and women with probabilities below the intervention thresh-
old can be reassured.

• Treatment can be considered in those in whom fracture
probabilities lie above the intervention threshold.

For the purposes of risk assessment, a characteristic of ma-
jor importance is the ability of a technique to predict fractures,
traditionally expressed as the increase in relative risk per stan-
dard deviation (SD) unit decrease in risk score—termed the
gradient of risk. Whereas the gradient of risk of FRAX with
BMD is higher than the use of BMD alone, the gradient of risk
with FRAX without BMD is similar to the use of BMD alone
to predict fractures [19].

Several agencies involved with guideline development
have raised concerns about making treatment decisions in
the absence of BMD [20, 21]. It is stated that there is no
evidence from randomized control trials demonstrating a ben-
efit of fracture reduction when FRAX scores are used for
treatment decision making. The argument implies that the
beneficial effects of treatment on fracture risk are restricted
to patients with osteoporosis as judged by densitometry.
Although not entirely true, the argument presupposes that high
FRAX scores with or without BMD do not identify individ-
uals with low BMD—a supposition that has for several years
been shown to be ill-founded [15, 16, 22]. Moreover, analyses
of randomized clinical trials have indicated that patients with
high FRAX scores are responsive to a variety of interventions,
including abaloparatide, alendronate, bazedoxifene,
clodronate, denosumab, raloxifene, strontium ranelate, daily
and weekly teriparatide [23] as well as a basket of interven-
tions used by general practitioners in the UK [24]. Most of
these were post hoc analyses but, in the case of denosumab,
was a pre-planned analysis [25]. In addition, the Bscreening
for prevention of fractures in older women^ (SCOOP) study
was a prospective randomized study that demonstrated effica-
cy for hip fracture in women selected on the basis of hip
fracture probability assessed using FRAX [24]. These consid-
erations indicate the validity of the use of FRAX with or
without the incorporation of BMD.

Historically, BMD was the primary tool used for the assess-
ment of osteoporosis, because of its strong predictive value for
fracture risk [26]. The most commonly used intervention
threshold is a T-score of − 2.5 SD. However, there are several
weaknesses in the use of BMD to determine the intervention
thresholds. First, any given T-score threshold has a different
significance at different ages [27]. Additionally, whereas a T-
score of −2.5 carries a greater than two-fold risk of fracture at

the age of 50 years compared to women of the same age, with
advancing age, the difference in the risk of fracture is markedly
attenuated [27]. The explanation is that BMD in the general
population decreases with age, so that at the age of 50 years,
the relative risk of hip fracture in a woman at the threshold value
of osteoporosis is high, whereas in the elderly, the relative risk is
lower than 1.0 [27–29]. Moreover, the same T-score has a very
different significance in different countries. In the case of LA, a
T-score of − 2.5 in women at the age of 65 years, the 10-year
probability of amajor osteoporotic fracture ranges from 1.7% in
Ecuador to 9.2% in Argentina. Importantly, FRAX allows the
assessment of individuals in the absence of BMD testing;
whereas, an individual assessed with an intervention threshold
based on BMD alone could not qualify for treatment, for ex-
ample, those patients with a prior fracture could not be eligible
for treatment in the absence of a T-score − 2.5 SD [18]. Another
issue concerns the reduced accessibility to densitometry in
many LA countries. Thus, many clinical guidelines now rec-
ommend the use of FRAX to help primary care physicians
identify postmenopausal women who may be candidates for
treatment based on the level of fracture risk. These consider-
ations suggest that BMD should not be used as the sole gateway
to risk assessment; rather, BMD should be used as an adjunct to
assessment the fracture risk.

There are some weaknesses in the intervention and assess-
ment thresholds proposed in the present study. First, as noted by
others [28, 30], the impact of intervention and assessment thresh-
olds on BMD requests have not been investigated yet in the LA
countries. Also, the cost-effectiveness of case finding and inter-
vention in the LA countries as well as the budget impact of any
modifications in refund policy is unknown. Notwithstanding
these constraints, intervention based on fracture probability is
more effective in identifying individuals at high risk and
avoiding treatment of individuals at low risk, than those based
on the utilization of BMD alone [31]. In other words, BMD
measurement is not a precondition for assessment or treatment.
Additionally, the use of FRAX model to calculate the interven-
tion and assessment thresholds would be especially beneficial in
some areas of the seven LA countries with restricted access to
DXA. Lastly, it should be noted that the algorithms presented in
this study are applicable only to the seven LA countries
(Argentina, Brazil, Chile, Colombia, Ecuador, Mexico, and
Venezuela); nevertheless, any other country where FRAX tool
is available (in order that each FRAX is country specific) could
compute the intervention and assessment thresholds.

In conclusion, as suggested in other populations, FRAX-
based intervention threshold in these LA countries signifies a
substantial advance in the detection of both men and women
at high risk of fracture, certainly even more so than fixed T-
score thresholds alone, particularly in the elderly.
Additionally, FRAX intervention thresholds offer information
that could be of use to clinicians and public health agencies to
make reasonable treatment decisions.

�Fig. 2 Lower and upper assessment threshold as set by FRAX-based 10-
year probability (%) of a major osteoporotic fracture for the seven Latin
American countries. The red area is where the treatment could be recom-
mended, the orange area shows the limits of fracture probabilities for the
assessment of BMD, and the green area is where treatment would not be
recommended. The dotted line represents the intervention threshold
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