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1. RESUM

Estudis internacionals han demostrat la utilitat de I'eina FRAX de I’Organitzacié
Mundial de la Salut (OMS) per a I'estimacié del risc absolut de fractura
osteoporotica a 10 anys. S’ha evidenciat que a poblacié femenina espanyola I'eina
té una bona capacitat de discriminacié per detectar dones que patiran una fractura
per fragilitat de les que no, i que millora el model tradicional basat en la
densitometria ossia (T-score < -2.5 desviacions estandars). No obstant aixo,
I’algoritme mostra una manca de concordanca global entre la probabilitat estimada
de fractura i la incidéncia de fractura observada individual a 10 anys, amb una
tendéncia a infraestimar el risc. Per millorar la capacitat predictiva de fractura
osteoporotica principal s’ha desenvolupat el model FRIDEX, amb 3 categories de
risc FRAX (calculat sense T-score de coll femoral) per poblacié femenina espanyola
(«<5%; 25 a<7,5%; 27,5%) que iclouen la incidéncia de fractures reals observades
en la cohort, les quals estaven, al seu torn, respectivament dins els nivells
tradicionalment considerats com de risc baix (<10%), intermig (10-20%) i alt (> 20%)

en altres estudis epidemiologics.

L’objectiu d’aquesta tesi doctoral va ésser validar aquest model FRIDEX de
calibracié del risc de fractura per fragilitat en poblacié femenina espanyola en base a
I"algoritme FRAX en la cohort ampliada FRIDEX i en la poblacié general (cohort
FROCAT). En primer lloc els resultats del treball validen les interpretacions de la
capacitat discriminativa i predictiva de I’eina FRAX obtingudes en les primeres
analisi de la cohort FRIDEX i, és important perque d’aquests casos es va
desenvolupar la proposta per categoritzar el risc de fractura en dones espanyoles.
En segon lloc, validen externament el model FRIDEX de discriminacié del risc de
fractura principal a 10 anys en una cohort de dones de base poblacional i diferent de

la cohort que ha servit per establir-lo.



2. ABSTRACT

The usefulness of the FRAX tool from the World Health Organization to evaluate the
10-year fracture risk of patients has been shown in many international studies. In the
Spanish female population it has been demonstrated that the tool has a a good
discriminative ability to detect women who will suffer from a fragility fracture and it is
at least equivalent to, if not slightly higher than the bone mineral density (BMD)
model (T-score < -2.5 standard deviations). However, it displays weaknesses in the
overall concordance between predicted fracture probability and observed fracture
incidence, with a tendency to underestimate the risk. To improve the main
osteoporotic fracture risk predictive capability, some FRAX thresholds have been
developped to identify people with risk of osteoporotic fracture in Spain, based on
the stratification from the female FRIDEX cohort into 3 levels of FRAX risk ( without
femoral neck (FN) T-score) (low risk <5%, intermediate 25 to <7.5% and high
27.5%) according to the fracture incidence observed in the cohort, which in turn are
related with risk ranges traditionally considered to be low (<10%), intermediate

(10-20%) and high risk (> 20%) in other epidemiological studies.

The aim of this thesis was to validate the FRIDEX model in the Spanish female
population using the FRAX main osteoporotic fracture risk thresholds to 10-year in
the updated results of the FRIDEX cohort and in the general population (FROCAT
cohort). Firstly, the work validates the discriminatory and predictive ability of the
FRAX tool obtained in the preliminary analysis of the FRIDEX cohort, and this is
important because from these cases the categorization in the three risk groups was
developed. Secondly, it externally validates the FRIDEX model to discriminate

fracture risk in women from the general population.



3. INTRODUCCIO

L’abordatge de I'osteoporosi ha evolucionat en els darrers anys, des d’un model en
el qual la pressa de decisions es basava essencialment en els valors de la densitat
mineral oOssia (DMO) obtinguts amb la densitometria Ossia central tipus DXA
(Dual-energy X-ray Absorptiometry) fins al progressiu protagonisme de I’avaluacio
global del risc de fractura en les guies de practica clinica (GPC), centrant-se els

objectius en la prevencioé primaria i secundaria de les fractures per fragilitat [1].

El risc de tenir una fractura osteoporotica augmenta amb I’edat i tenint en compte
Paugment de I'expectativa de vida en els paisos desenvolupats, es considera
I’'osteoporosi un problema de salut publica a tenir en compte en la provisid de
serveis sanitaris per la tendéncia creixent a fracturar-se de la poblacio [2,3]. Les
localitzacions comunament relacionades amb la fragilitat sén la fractura vertebral, la
de coll femoral, la del radi distal i, la d’himer proximal [4,5]. En molts casos els
individus tindran una fractura abans de saber que tenen osteoporosi, esdevindran
en ingresos hospitalaris costosos des d’un punt de vista economic, sobretot en el
cas de les fractures de maluc, i també huma pel risc de tenir una nova fractura i la

discapacitat, comorbilitat o mortalitat derivada [6-8].

Sense menystenir el paper de la massa Ossia i I’edat avancada en la fisiopatologia
de la fractura, hi ha un interés creixent per la cerca activa d’altres factors de risc que
en assaijos clinics i metaanalisi han demostrat tenir una evidéncia ferma en la
prediccid del risc de fractura osteoporotica, com I'antecedent personal o familiar de
fractura, el sexe femeni, I'index de massa corporal (IMC), la presa de determinats
farmacs osteopenitzants, algunes malalties o el risc de caigudes [3,9-12]. També
s’han identificat factors relacionats amb I'estil de vida com el tabaquisme o el

consum excessiu d’alcohol [13,14]. Paral.lelament hem assistit al desenvolupament



d’eines per estimar el risc de fractures per fragilitat en un temps determinat a través
de models matematics que inclouen algunes d’aquestes variables, com I’algoritme
FRAX® (Fracture Risk Assessment) [15], I'escala de risc QFracture [16] o la

calculadora Garvan Fracture Risk [17]

3.1. L’algoritme FRAX

FRAX és una calculadora en linia desenvolupada per ’'OMS en col.laboracié amb la
Universitat de Sheffield (Regne Unit) que utilitza factors de risc clinics independents
de la massa Ossia per a identificar homes i dones 2 40 i £ 90 anys amb una
probabilitat alta de tenir una fractura de maluc i altres fractures osteoporotiques
considerades com a principals (fractura clinica vertebral, avantbrag, maluc i espatlla)
en els propers 10 anys, permetent recalcular el risc de fractura si a més a més
s’introdueix la DMO femoral (T-score) [18,19]. El model utilitzat per fer el calcul de

risc inclou poblacié d’Europa, Ameérica, Asia i Australia.

Les variables cliniques considerades per I'algoritme FRAX per calcular el risc absolut
de fractura osteoporotica sén I'edat (entre 40 i 90 anys), el sexe, el pes (quilograms),
I'alcada (centimetres), la fractura previa per un traumatisme minim, I’antecedent de
fractura de maluc del pare o de la mare, el tabaquisme actiu, el consum d’alcohol (3
o més unitats al dia), la presa de glucocorticoesteroides durant més de 3 mesos
(dosi diaria de 5 mil.ligrams de prednisolona o del seu equivalent en altres
corticosteroides) i el diagnostic d’artritis reumatoide o d’altres osteoporosis
secundaries (inclou la diabetis mellitus tipus 1, I'osteogénesi imperfecta en adults,
I’hipertiroidisme cronic no tractat, I’hipogonadisme o la menopausa precog (<45

anys), la malnutricié cronica o malabsorcié i la malaltia cronica hepatica).

Coneixer el risc individual de tenir una fractura amb ’eina FRAX és una informacio

que el clinic pot utilitzar per pronunciar-se a la consulta en una decisi6 diagnostica o


http://www.ncbi.nlm.nih.gov/pubmed/23592255

terapeutica centrada en el seu pacient. En els anys posteriors a la seva publicaci6 al
2008, els diferents paisos inclosos en I'aplicacié han avaluat com es comporta FRAX
en cohorts diferents de les que es van utilitzar en la creacié del model. Els treballs
s’han centrat en la seva habilitat per discriminar els individus amb alt risc de
fractura, la seva capacitat predictiva de fractura, i també en la determinacié de
llindars cost-efectius per la presa de decisions a la consulta [20-29]. Moltes de les
conclusions d’aquests treballs s’han incorporat en les guies de referéncia per la
facilitat d’accés i senzilla utilitzacié de I’eina [30]. A I’ésser dissenyada per calcular
el risc en funcié de dades de fractura i mortalitat de cada pais, no sempre
coincideixen les GPC en les indicacions d’actuacid, doncs els punts de tall per
decidir realitzar una DXA o iniciar un tractament depenen de cada pais i els recursos

economics que destinen en la prevencié de la fractura per fragilitat.

3.2. Estudis a Espanya amb I'eina Frax

Per a la creacié de I’eina de calcul de fractura FRAX per poblacié espanyola es van
incloure dades d’incidencia de fractura extretes de diferents estudis, majoritariament
estudis retrospectius i alguns prospectius d’ambit regional, tots ells de finals dels
anys vuitanta i principis dels noranta [31]. A Espanya, des del llengament de I'eina
FRAX, diferents cohorts han avaluat el seu funcionament (base de dades CETIR i les
cohorts ECOSAP i FRIDEX) [32-34], i han evidenciat una bona capacitat
discriminativa de I'eina, perd0 amb una tendencia a infraestimar el risc de fractura
principal osteoporotica. Aixi mateix, s’ha publicat amb dades de la cohort FRIDEX
un model de calcul de risc de fractura que proposa uns llindars de risc amb valors
de I'eina FRAX (calculat sense DMO) per poblacié femenina (<5%, 25 a <7,5% i
27,5%). Aquest model esta basat en les dades d’incidencia real de fractures per
fragilitat observades durant 10 anys en la cohort FRIDEX. Aquets punts de tall o
llindars son equivalents als llindars (<10%), intermig (10-20%) i alt (> 20%) utilitzats

per experts d’altres paisos com Canada [35] per definir els graus o grups de risc de



fractura a la poblacio. EI model, una vegada feta aquesta estratificacié en categories
de risc, recalcula el FRAX incloent la DMO del coll femoral en el casos de risc no
baix per saber quins individus de risc intermig passen a la categoria de risc alt, i
quins entre els de risc alt passaven a la categoria de risc intermig o es mantenien en
risc alt ( 2 7,5%) (annexe 4) [36]. L’aplicacié del model dona una informacié que és
d’utilitat al metge per prendre decisions cost-efectives de maneig diagnostic o
terapeutic centrades en el risc de fractura d’un pacient concret a la consulta:

- Prenent en consideracié la pacient amb risc baix de fractura [FRAX (sense
DMO <5%)], el model proposa promoure habits de vida osteosaludables i, en
funcio de I'edat i la presencia d’altres factors de risc de fractura, recalcular el
risc de fractura amb FRAX amb la periodicitat que sigui adequada.

- En el cas de que la pacient tingui un risc intermig de fractura [FRAX (sense
DMO) 2 5i <7,5%], el model indica que es calculi de nou el risc FRAX amb la
T-score de coll femoral. Quan el risc FRAX (calculat amb la DMO) sigui <7,5%
el model esmenta igualment fer consell d’estils de vida saludables i, en el cas
que sigui 2 7,5% considerar a més a més la necessitat de tractament amb
farmacs antiosteoporotics.

- Per ultim, quan la pacient tingui un risc alt de fractura [FRAX (sense DMO)2
7,5%], el model valora I'antecedent de fractures osteoporotiques. En pacients
amb antecedent de fractura de maluc, fractura vertebral o almenys 2 fractures
osteoporotiques en d’altres localitzacions es proposa considerar la
instauracio de tractament farmacologic. Per contra, sense antecedent de
fractures per fragilitat o només 1 fractura que no sigui de maluc o vertebral
s’examinaria de nou el risc FRAX amb la T-score de coll femoral com s’ha

explicat en I’apartat anterior.

La primera publicacié d’aquesta tesi doctoral és I'anomenada “Rationale of the

Spanish FRAX model in decision-making for predicting osteoporotic fractures: An
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update of FRIDEX cohort of Spanish women” a la revista BMC musculoskeletal
disorders [37] [Factor d’impacte 2014: 1,717. Quartil i area: Q2 (30/72); Orthopedics].

En aquesta publicacioé s’amplia el nombre de casos de la cohort prospectiva FRIDEX
(Factors de Rlsc de fractura i DEnsitometria dual de raigs X) amb I'objectiu de
confirmar les analisis preliminars sobre 816 dones en quan a la capacitat
discriminativa i predictiva de I'eina FRAX i la comparacié d’aquesta capacitat per
discriminar la fractura de FRAX amb la utilitzacié del valor de la DMO de la DXA
(T-score < -2,5 DE). Aix0 és important perque de les dades obtingudes de I'estudi
inicial d’aquestes dones seguides durant 10 anys es va proposar el model FRIDEX
per categoritzar el risc de fractura en dones espanyoles. Les caracteristiques de la
cohort FRIDEX estan descrites en detall en publicacions préevies [34,38]. Esta
constituida per dones caucasiques espanyoles 240 i < 90 anys d’edat amb risc de
fractura i sense tractament per a la osteoporosis, a les qui el facultatiu responsable
sol-licita una DXA per a l'estudi inicial d'osteoporosi o per al seguiment de
tractament. Al comencament de I'estudi es recull el consentiment per a la realitzacio
d’un questionari dels principals factors de risc de fractura per fragilitat i contacte

telefonic 10 anys després per determinar I'aparicié de noves fractures.

La segona publicacié d’aquesta tesi doctoral és 'anomenada “Fracture experience
among participants from the FROCAT study: what thresholding is appropriate using
the FRAX tool?“ a la revista Maturitas [39] [Factor d’impacte 2014: 2,942. Quartil i
area: Q1 (14/79); Obstetrice & Gynecology].

Aquesta publicacio de la tesi és un estudi realitzat amb la cohort FROCAT que té
com a objectiu validar externament el model FRIDEX de discriminacié del risc de
fractura en 3 nivells (baix, intermig i, alt). La cohort FROCAT esta formada per dones

majors de 40 anys representatives de poblacié general assignades a metges de
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familia de les 4 provincies catalanes estratificades per grups d’edat ajustats al perfil

poblacional de Catalunya de I'any 2008.
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4. OBJECTIUS
4.1. Objectiu principal

Validar externament el model FRIDEX, que determina els llindars de risc [baix (<5%)),
intermig (2 51 <7,5%) i alt (27,5%)] de fractura principal a 10 anys, en dones de la

poblacié general (cohort FROCAT).

4.2. Objectius secundaris

- Avaluar la capacitat discriminativa de tenir una fractura per fragilitat de I'eina
FRAX amb un major nombre de casos de la cohort femenina FRIDEX.

- Avaluar la capacitat discriminativa de tenir una fractura per fragilitat del model
tradicional basat en la densitometria 0ssia (T-score < -2,5 DE) amb un major
nombre de casos de la cohort femenina FRIDEX.

- Comparar la capacitat discriminativa de tenir una fractura per fragilitat de
I’eina FRAX vs el model tradicional basat en la densitometria 0ssia amb un
major nombre de casos de la cohort femenina FRIDEX.

- Avaluar la capacitat predictiva de tenir una fractura per fragilitat de I'eina
FRAX amb un major nombre de casos de la cohort femenina FRIDEX.

- Descriure els factors de risc que s’associen a la fractura per fragilitat en la
cohort femenina FRIDEX.

- Descriure els factors de risc que s’associen a la fractura per fragilitat en una
mostra representativa de la poblacié femenina a Catalunya (la cohort
femenina FROCAT).

- Descriure la incidencia de fractures per fragilitat en una mostra representativa

de la poblacié femenina a Catalunya (la cohort femenina FROCAT).
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Abstract

Background: The FRAX® tool estimates the risk of a fragility fracture amang the population and many countries
have been evaluating its performance amang their populations since its creation in 2007,

The purpose of this study is to update the first FRIDEX cohort analysis comparing FRAX with the bone mineral
density (BMD) model, and its predictive abilities

Methods: The discriminatory ability of the FRAX was assessed using the ‘area under cune’ of the receiver operating
characteristic (AUC-ROC). Predictive ability was assessed by comparing estimated risk fractures with inddence
fractures after a 104ear follow up period.

Results: One thousand three hundred eight women 2 40 and < 90 years followed up during a 10-year period The
ALC for major osteopomotic fractures using FRAX without DXA was Qe85 (95 % C 0630-0.742) and using FN
T-score of DXA 0714 (95 % Cl 0.661-0767). Using only the traditional parameters of DXA (FN T-score), the AUC was
0.706 (95 % O 0.652-0.760). The AUC for hip osteoporotic fracture was 0.883 (95 % Cl 0827-0938), 0857 (95 % Cl1 Q.
773-0541), and 0814 (55 % Cl 0.712-0916) respectively. For major osteoporotic fractures, the owverall predictive
value using the ratio Observed fractures/Expected fractures calculated with FRAX without T-score of DXA was 229
and for hip factures 228 and with the indusion of the Tscore 201 and 1.83 respectively. However, for hip fracture
inwomen <65 years was 153 and 124 respectively.

Condusions: The FRAX tool has been found to show a good discriminatory capacity for detecting wornen at high
risk of fragility fracture, and is better for hip fracture than major fracture. The test of sersibility shows that it is at
least, nat inferior than when using BMD model alone. The predictive capacity of FRAX tool needs some adjustment.
This capacity is better for hip fracture prediction and better for women < 65 years. Further studies in Catalonia and
ather regions of Spain are needed to fine tune the FRAX tool's predictive capability.
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Background

Osteoporosis is of particular public health interest due
to its association with subsequent fractures and the well-
documented risk of mortality and disability leading to an
increase in medical care costs in many regions of the
world as a result [1, 2].

Ower the last decade the attitude towards osteoporotic
fracture risk evaluation has changed because an increase
in information about using various clinical rsk factors
(CRFs) and not only the values of bone mineral density
(BMD) [3]. To provide risk assessment, especially for
those professionals who are less familiardzed with the ap-
proach to this health problem, several prediction models
have been deweloped to be used in dinical practice.
There are three instruments that have been commonly
used in recent times that help to identify people at a
high risk of osteoporotic fracture over a period of time:
the FRAX" (Fracture Risk Assessment tool) [4], the
QFractureScores [5] and the Garvan Fracture Risk
Calculator [6, 7].

FRAX instrument was launched by WHO in 2008, and
gives the absolute risk of fragility fracture as a percent-
apge during a 10-year period. The risk estimate is carred
out by a calculator available online by putting in the
value of clinical variables that have shown a strong asso-
ciation with osteoporosis and fracture across different
studies and systematic reviews [8-14]. The caleulator is
able to recalculate the risk with the inclsion of Dual-
energy X-ray absorptiometry (DXA) parmameters. Epi-
demiological osteoporotic fracture data in four areas has
been used in its construction (clinical spine, distal fore-
arm, hip or proximal humerus), as well as the mortality
data available from different continents. Once the tool
has been accessed online, it is necessary to select the
refevant study population. During the last few years,
there have been several studies focused on evaluating
how FRAX behaves among different populations other
than the one in which the model was developed. System-
atic reviews identify studies that assess the FRAX tool
ability to discriminate between individuals who are at
risk of fracture and those who are not Also, its predict-
ive ability to identify people at high risk of future frac-
tures, fracture sk thresholds and identifying which risk
thresholds are cost-effective when it comes to carrying
out a therapeutic intervention. It is still to be determined
whether the CRFs are of significance on the outcome of
fracture data in different cohorts [15-24].

In Spain, FRAX performance has been assessed during
its use in different cohorts since 2008 and it has shown
a good discriminative capacity, but a tendency to under-
estimate major osteoporotic fractures has been observed
[25-27]. However, the underestimation was lower in
cases of hip osteoporotic fractures. This does not detract
from the strengths of the tool for clinical use in
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decision-making as long as their possible limitations ame
taken into account.

This study aims to expand the sample before FRIDEX
cohort [25] to test the FRAX algorithm against the re-
sults of reliability of BMD in its discriminative and pre-
dictive ability for predicting absolute risk of fracture in
10 years. This is to provide more evidence for clinicians
about how well the tool performs among the Spanish
population,

Methods

The FRIDEX cohort features have previously been pub-
lished [28]. At the beginning of the study, the partici-
pants underwent axial bone densitometry DXA after
accepting by informed consent to answer a question-
naire on risk factors (QRF) for osteoporotic fracture
and further contact. Self-reported incident fractures
10 years later were assessed using a telephone question-
naire (TQ).

Eligibility criteria
Patient inclusion criteria

Randomized sample (simple computerized randomization
stratified) was obtained from Cauncasian women =40
and < 90 years of age at the time of inclusion in the
FRIDEX cohort, who understood and spoke the Spanish
language, and were able to respond to the initial QRF
and a 10-year follow up TQ. None of these patients had
been treated with antiosteoporotic medication (AOM)
prior to the study. Some of these patients, however,
may have been treated with AOM during the 10-year
study perod.

Patient exclusion diteria

Patients who refused informed consent to participate in
the study and those without a telephone contact number
or did not respond after 3 phone calls made at different
times according to the procedure manual. Patients with
physical or peychological difficulties that prevented their
participation in the study with or whose relatives refused
them permission to participate. Subjects with Pagets dis-
ease or bone cancer were also excluded.

Data collection

The baseline QRF variables were collected from 2000
to 2010 along with DXA, and they included patient
demographic (date of birth, sex) and anthropometric
characteristics (weight, height, body mass index (BMI)).
During the same visit, clinical rsk factors for fracture
including QRF were recorded as well: family history of
hip fracture (father/mother), medical history of fragility
fracture, smoking, alcohol rsk intake, history of gluco-
corticoids intake and medical history of antiosteoporo-
tic medication.
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Analysis carred out by using a Lunar GE model
Prodigy Advance densitometer with 114 software and
with BMD and T-score determination with NHANES 111
references. DXA criteria were determined according
to the recommendations made by the International
Society for Clinical Densitometry (1SCD) in 2007 (https//
www.iscd org/official- positions/). The densitometry diag-
nostic criteria of osteoporosis used were the 1994
WHO criteria (T-score < =25 standard deviation of the
average mean value for young women at the femoral
neck (FN)) [29].

After a 10-year follow up period (2000-2010) variables
regarding new selfreported fragility fractures occurring
from the time of inclusion and number of falls over the last
year were collected. The major osteoporotic fractures (hip,
humerus, foreanm and clinical spine) during the follow up
period were taken as the endpoint event. In all cases of
fracture, medical records were contrasted and those cases
of self-reported fractures that were impossible to confirm
with medical records were also excluded from analysis.

The estimated absolute rsk of sustaining a major
osteoporotic fracture or hip fracture during the 10-year
period according to the FRAX-Spain tool (both with and
without baseline FN T-score) was determined through
the official website (version 3.2 accessed on October
2010) and analysed by two blinded investigators.

Statistical analysis

The characteristics of the population were described ac-
cording to descriptive univariate analysis. We used the
Chi-square test to evaluate the association between
qualitative variables. The Student’s t-test or, if necessary,
its nonparametric equivalent, the Mann-Whitney U test,
was implemented to evaluate the differences in the dis-
tribution of a2 quantitative variable according to the cat-
egories defined by a binary exposure. To assess the
differences in the distribution of a quantitative variable
according to the categories defined by a categorical vari-
able with more than two categories, ANOVA analysis of
variance or its corresponding non parametric test (Kruskal-
Wallis) were used.

The discriminating ability of the FRAX tool to identify
people at increased risk of fracture after a 10-year period
was assessed using the area under the curve (AUC) of
receiver operating characteristic (ROC) curves and the
Hosmer-Lemeshow goodness -of-fit test.

The calibration was assessed by comparing estimated
risk of fracture with observed fracture incidence.

All the statistical tests were undertaken with a confi-
dence interval of 95 % and with the use of the 17th ver-
sion of the SPSS statistical package.

This work follows the STROBE initiative for cohort stud-
ies' guidelines [http:// www strobe-statement.org/index. ph
prid=strobe-publications WebCite].
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Results

Three thousand three hundred ninety-seven cohort pa-
tients were 2:1 randomly selected among patients who
had completed the 10-year period. A total of 1918
women were contacted at the end of the 10-year period
and in 1479 cases was impossible to contact by tele-
phone: 490 (144 %) unknown telephone or postal ad-
dress, 792 failed to respond to 3 calls (233 %), and 197
deaths (5.8 %). Out of 86 subjects that refused to partici-
pate (4.5 %), 33 were excluded due to cancer (18 %) and
491 because they had been receiving AOM at baseline
(256 %). This left a total of 1308 participants that ful-
filled the inclusion criteria and provided informed con-
sent to participate in the study.

Table 1 shows the distribution of the baseline charac-
teristics in the individuals selected and those selected,
but did not participate in the study. Overall, no signifi-
cant differences were observed between these two
groups. The only significant differences were found
among participants with a 2 year age differences (57.5
vs. 593 years), that had had fewer previous fractures
(226 vs 26.0 %), were taking less glucocorticoids (47 vs.
6.5 %) and had less osteoporosis according to baseling
DXA scan (32.7 vs 37.3 %).

We examined the frequency of fragility fractures during
the 10-year study period: a total of 153 fractures were reg-
istered, 133 of which comresponded to any of the four
areas of FRAX major osteoporotic fractures: hip, humerus,
forearm or clinical spine. 108 women reported a total of
133 major osteoporotic fractures which were contrasted:
26 women with 27 hip fractures, 26 with 33 proximal hu-
merus fractures, 40 with 56 distal radius fractures, and 16
with 20 clinical vertebral fractures (Table 2).

A summary of the main participants’ characteristics
can be seen in Tables 3 and 4 (with their relative risks
[RR]). Every risk factor is shown and categorized as
major or hip fracture respectively. Risk factors in-
cluded in the FRAX tool were also taken into consid-
eration, along with the variable of falls during the
previous year. The BMD measurement computed by
WHO international reference standard for description
of osteoporosis as a T-score < -2.5 standard deviation
(SD) and osteopenia as a T-score between -1.0 and
=25 SD was also taken into account. The CRFs values
across both major and hip fractures show significant
differences in age, previous fractures and due to the
existence of DXA osteoporosis diagnosis. Table 3
shows in the analysis of major osteoporotic fracture
significant differences in  patients with fractures
related to low BMI and in patients without fractures
related to normal baseline DXA. Table 4 shows signifi-
cant differences among patients with rheumatoid arth-
ritis and taking corticoids in the hip osteoporotic
fracture group.
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Tabde 1 FRIDEX cohort (Contacted/Non-Contacted)
Contacted Mon-{ontaced prvalue 95 % O
1918 {565 %) 1479 {4315 %)
Age (SD) 575 1) 593 (29 Ui [1.1-24
BMtI Kgfu'nz {50 277 1.8) 275 (45) 0505 s
BMI < 20 Kg/c m’ ) 24 25 0783 ns
Personal history of fractures &) il 20 Q4 (0563
Parental Hip Fracture {#) X7 AR 0335 ns
Current Smoking (%) 108 108 [eF. 4 ns
High aloohol intake (%) aF g QUEET s
Glucocorticoids (%) 47 &5 Qo [02-3.4
Rheumatoid arthritis ) 13 18 0158 ns
Ca+vitamin O supplements (%) 222 222 0916 s
Osteppoross in DRA (%) 37 373 Q012 NESTE: |

O confidence interval, SD standard devistion, BMI body mass inde, /s non statisticsl significance, DA dua lenengy X-ray sbsomp Sometry

The mean of FRAX risk for major fracture among
women with fracture was 6.44 (6,94 5D) without FN T-
score and 825 (9.19 SD) with FN T-score, and for hip
fracture it was 238 (5.20 SD) and 359 (739 50, re-
spectively. The mean for major fracture among without
fracture women was 3.35 (ZB1 SD) without FN T-score
and 3.73 (3.48 5D) with FN T-score, and for hip fracture
it was 0.74 (1.40 5D) and 0.86 (1.94 SD), respectively. All
measurements show significant differences (p <0.001)
between women with fracture and without fracture.

The AUC ROC analysis was carried out to compare
fracture discrimination on the basis of three different
scenarios for major and hip fractures: guidance on the
basis of BMD testing alone in decision-making (FN T-
score), FRAX tool calculated without BMD, and FRAX
with FN T-score. For major fracture the best-case sce-
nario was obtained with FRAX tool including FN T-
score [AUC =0.714, 95 % C1 0.661-0.767], followed by
EN BMD alone [AUC =0706, 95 % CI 0.652-0.760] and

Table 2 All factures at 10 year follow up In two groups of age

FRAX tool without BMD [AUC = 0686, 95 % CI 0.630-
0.742]. For hip fracture the best-case performance analysis
was obtained with FRAX without BMD [AUC =0.883,
95 % CI 0.827-0938], followed by FRAX including FN T-
score [AUC = 0857, 95 % C1 0.773-0.941] and FN BMD
alone [AUC =0814, 95 % CI 0712-0916]. In all cases,
the results showed significant differences (p<0.001) with
the reference value [AUC =0.50].

The adjusted predictive capacity of FRAX analysed
using the mean ratio between observed fractures
{ObsFx) during the 10-year follow-up period of the co-
hort and the fracture risk estimates rates (ExpFx) was
229, C1 95 % 1.91-2.74) for major osteoporotic fracture
and 2.28 [C1 95 % 1.56-3.32] for hip fracture using the
FRAX tool without BMD, and on the introduction of the
EN T-score was 2.01 [CI 95 % 1.68-2.41] and 183 [CI
95 % 1.25-2.67], respectively (Table 5). This ratio
remained similar when we categorized the results based
on age, except among women younger than 65 years of

<5 years 235 years Tatal palue 95 %l
n=1055 (827 %) n=252(193 %) n=1308
Age (50 541 (83) 703 {44) 572 (&) <0001 [56-169
‘Worm en,Fract ures Women/Fractures Women/Fractures
All fractures 1014129 {96 %) 5374 Q065 %) 1537208 {11.7 % 20001 [5.7-163]
Major fractures® G578 52 %) 43755 {171 %) 1087133 (83 %) <0001 [6.0-16.8]
Hip &5 (06 %) 2N F9%) 227 (20%) <0001 [38-107]
Vertebral 10713 {1.0%) &7{(28% 167201(1.4 %) Q026 [03-39]
Humerus 21724 23 %) 5412 %) 2633 (24 %) 0409 ns
Wirist 2835 29%) 1218 §.0%) 4056 {3.5 %) [aTej [ 02623

O confidence interval, 50 standand devistion, ns non smistical significance
"Major odteoporoe fractures fhip, vertebra, humerus, wrist)
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Table 3 Baseline fracture risk factors between patients for ‘major osteoporotic fracture’
‘With Fracume ‘Without Fracture - value a5 %l RR RR 95 % Cl
{n=108) {n=1200)
Age (50) 16 [94) L6E (20) <0000 [20-64
Age >G5 years (%) 338 174 <0 [129-319] 277 IR |
BM (5D 276 [(48) 280 {47) 0518 ns - -
BM < 20 {%) 55 23 0.03% 1-77 2278 [11-4.4
Previows fracture (%) 426 195 <0001 [115-327] 272 na-3gq
Parental hip fracture 96) 157 141 0637 ns 1.13 [07-19
Smoker (%) a3 1Mz Q457 ns arg [04-1.4
Aloohal fisk (%) i1 aF 0541 ns 135 [02-5.4
Corticoids (%) 83 47 QA n 1.74 [0o-37
Rheumataid art hritis 6] 8 10 LR e ] ns 245 [08-57]
Falls previous year &) 343 233 QU006 [27-213] 1.1 [12-295
Osteopoross (hasline DXA) (%) 532 1 <0 [1&1-334] S07 ¢ [29-124]
Osteapenia baseline DXA) Ba) 47 499 LER N ns 295° (1464
Marmal (baseline CA) (%) 65 240 <000 [123-227] - -

O conficdence interval, AR relstive dsk, 5D stanclard devistion, BW body mas indes, ns non statisticsl significance, DXA dushenergy N-ray sbeorptiamatry

"< 65 vax 65 years
B0 e =20

© Dsteoporods vs normal
 Diteopenia v nonmal

age in which case the FRAX without/with BMD result
dropped in the hip fracture category to 1.53 [Cl 95 %
0.70-3.32] and 124 [CI 95 % 0.57-268), respectively.
The Hosmer-Lemeshow test was carried out in order
to assess the ‘goodness of fit' obtained by grouping data
according to quintiles of results of fracture (Fig. 1). First

of all it shows the observed and predicted values of the
sample within major fracture and hip fracture for the re-
sults of the FRAX tool without BMD and with the FN
BMD T-score. It then shows the same results after
multiplication (simulation} by approximately the number
of times that the ObsFx is greater than the ExpFx.

Table 4 Baseline fracture risk factors between patients for *hip osteoporotic fracture’

With fracture {n=26) Without fracture (n= 1283 - value 95 %dl RR RR95 %Ol
Age (50 697 58 55.9 @0 =0001 [97-154] - >
Age =65 ) TG 181 <0001 [425-751] 1397 ° [58-335]
BMI {509 F2Q5) 9 @mE) [ERTH] ns
Bl < 20 (%) £ 25 Qs ns 155 % [03-87
Previous fracture (%) L ] oz <0001 [1318-524] 438 [20-9.3
Parental hip fracture 86) 192 14.1 0460 ns 144 [06-3.8
Smoker (%) a nz 0063 ns - -
Aloohaol 6k (%) a arF QR34 ns - -
Corticoids (%] 154 48 Q03s [313-245] 348 1357
Rheumataid ar hritiz ) 7 10 Q034 [36-170] 718 [5-223]
Falk pevious year i) E L 20 Q5 ns 206 (1044
Ostenporogs (baseline DXA) %) 64 i <0001 [194-563] B0 © [18-263]
Osteopenia {bassline DXA) 5%) %9 07 oo [5.5—401] 1609 [04—6.9
Marmal {bazeling TXA) (%) 7 29 [l ns - -

O confidence interval, AR relstive dsk, 5D standard devistion, BW bady mas index, ns non statistical Sgnificance, DWA dush-ene gy N-ray absonptiom etry

"5 vaz 65 years
s20wz20

© Dateoporods v4 narmal
 Diteopenia v nonmal
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Table 5 Ratio Observed fractures/Bxpected fractures by FRAX ool by age
Major fractures® Hip fractures

All {1308 women) Obs Fx ExpFx RatoObsExp CJ% % Obs Fx ExpFx  Ratio Obs/Bxp Q195 %
FRAX tool without BMD 108 471 ] Nne-24 26 114 228 [6-33
FRAX tool with TscoreFN. - 108 538 2 n7-24 26 1420 183 [a-27

<65 years (1056 women) Obs Fx ExpFx RatoOQbsFxp CJ%% s Fx ExpFx  Ratio Obs/Bxp Q195 %
FRAX tool without BMD &5 72 23 ne3g 6 EL 153 [07-33
FRAX tool with TscoreFMN. - 65 305 212 n7-m 6 484 124 [05-2.7]

265 years (352 women) Obs Fx Exp Fx Ratio Orbs/Exp 9% % Oibs Fx Exp Fx Ratio ObsBxp 1595 %
FRAX tool without BMD 43 199 216 ne-28 20 750 267 n7—a
FRAX tool with TscoreFN 43 230 187 n4-24 20 236 214 [13-33

ObsFx observed fractures, Eqpfx expected fractues, O confident interval, BMD bone mineral density, FN femanal neck

"MAsjor fracures fhip, vertebra, humens, wris)

Discussion

The FRAX tool has been analysed in this study to meas-
ure its discriminative capacity as a model for the predic-
tion of osteoporotic fracture compared with the BMD
model, as well as irs predictive capacity and the ‘good-
ness of fit' among the Spanish female population. A pre-
vious calibration test as an evaluation of the reliabiliry
assessment of FRIDEX cohort results was carried out
using a lower number of women [25]. This analysis
suggests that the results are consistent with the above-
mentioned population. This study also provides informa-
tion on the frequency of risk factors of osteoporotic
fractures.

Risk factors of osteoporotic fracture

Age is a variable related to the incidence of fracture and
in our cohort the overall reported rates of fractures is
higher in the group over 65 years old (p < 0.001). When
focusing individually on hip, clinical spine, forearm and
humerus fractures, the proportion of fractures increases
with age. Howewver, these differences were not statisti-
cally significant in the case of humerus fractures in our
sample. In addition to age, prior fragility fracture, low
BMI, rheumatoid arthritis or glucocorticoids intake are
clinical factors related to the pathogenesis of osteopor-
otic fracture, and indeed, the results of our study have
shown statistical significance in major fracture and hip
fracture. These results align well with other studies
undertaken in our population, which have identified the
same relevant factors for fragility fracture except for
BMI [30]. We also have found previously published data
that investigate relationship between BMI and fracture
in Spanish postmenopausal women, but focusing in high
BML In this context, some reported a relation between
vertebral fracture and high BMI [31] and, conversely,
other studies found no relation in this site, only for

proximal humerus fractures [32). So further studies will
be needed to clarify these variations.

We also note that in evaluating Spanish FRAX tool esti-
mates without T-score, the risk of main fracture and hip
fracture obtained is significantly higher among women
with fractures than those without fractures. The contribu-
tion of BMD in the osteoporaotic fracture risk is reflected
in the results of our sample as well, showing a lower aver-
age of BMD and increased FRAX estimates with FN T-
score between women with fracture compared to women
without fracture (p <0.05) (Tables 3 and 4).

Assessing FRAX-Spain discrimination performance

The ROC amlysis used to assess the diseriminatory cap-
acity of the FRAX osteoporotic fracture estimates, shows a
maore accurate AUC of FRAX in major fractures with a
FN T-score [0.714, 95 % CI 0.661-0.767] and for hip frac-
ture with FRAX withour BMD [0.883, 95 % CI 0.827-
0.938)]. These findings match those already reported in
the previous FRIDEX sample and are similar to those
found in other research conducted in Spain [25, 27].

The aforementioned finding bear out the current trend
for assessing fracture risk using clinical risk factors ra-
ther than only using the DXA results.

Regarding the older population with a higher susceptibil-
ity to fractures, especially in the case of hip fractures, these
results are particulady relevant as they enhance clinical
decision-making in practices that have a more limited ac-
cess to DXAL It is worth noting that results in other nearby
countries have shown a similar ability using FRAX with FN
T-score to identify women at a high risk of major fracture
compared to when the FN BMD is solely used [15, 19].

Assessing FRAX-Spain predictive performance
The adjusted predictive capacity of the FRAX tool ana-
lysed using the ObsFx/ExpFx ratio shows no correlation

19
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Major fractures without BMD

Hip fractures without BMD

Major fractures with FN BMD T-score

Hip fractures with FN BMD T-score

i

Hosmer-Lemeshow test and graph after correction {simulation)

Major fractures without BMD (x 2)

Hip fractures without BMD (x 2.2)

Barenrs

i ma

Major fractures with FN BMD T-score {x 2)

Hip fractures with FN BMD T-score (x 1.8)

]

Fig. 1 Hosmer-lemeshow test with the original results of the FRAX tool

between observed and expected fracture rates among
Spanish population. All the women in the sample cohort
when analysed together showed a higher frequency of
fragility fracture (close 2 times more) than would be ex-
pected with FRAX tool either if it is calculated with the
FM T-score or without BMD (Table 5). This difference is

lower for hip fracture with FRAX with FN T-score of
DXA (ObsFx/ExpFx ratio all cohort 1.83) and cleary
better in women < 65 years old (Table 5). It could be ex-
plained by the mean age of the women in the study, with
B0 % of the cohort being under the age of 65. Osteopor-
otic fracture that tends to occur in early menopause
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affects the lumbar spine more than the hip, as hip BMD
decreases exponentially with advancing age [33-35]. As
observed in our study, when the ratio of observed to ex-
pected hip fracture is calculated for those aged 65 or
older with FRAX with FN T-score, the probability of hip
fracture increases two fold again

The Hosmer-Lemeshow test was carded out to assess
the goodness of fit between observed fractures and the
expected fractures according to FRAXN. A satisfactory
goodness of fit was obtained by multiplying the results
by the ObsFx/ExpFx ratio taking into account the Cl
95 % (Fig. 1),

The Spanish FRAX model has been evaluated in other
cohorts. The ECOSAP cohort published similar hip frac-
ture risk prediction, but they did not collect clinical vee-
tebral fractures, therefore the interpretation of the
results for prediction of major osteoporotic fractures is
difficult [26]. In contrast, the methodology for collecting
incident fractures considered by FRAX in the CETIR
database was complete (clinical spine, hip, distal forearm
and proximal humerus) and self-reported with further
validation too [27]. In the results observed, the ObsFx/
ExpFx ratio for major fractures was 2.4 (Cl 95 %: 2.1-
2.7) and 0.8 (Cl 95 %: 0.6-1.1) for hip fractures. There-
fore, the major fracture results are in accordance with
our findings indicating that the FRAX model underesti-
mates fracture rsk in Spanish women [25]. The possible
explanation for this underdiagnosed has already been
justified because for Spain, the data included in FRAX
are from studies conducted in the 90s [25-27], validated
in areas of a low incidence of hip fracture and more up-
to-date fracture incidence and mortality data is required
for fracture predictions [18, 36-38]. Therefore, some au-
thors have suggested that these methodological factors
may affect the interpretation of calibration, and should
be taken into account before making an assessment of
the tool [39-41). The mtio for hip fracture in this case is
closer to 1, the desired value. One possible explanation
of this lack of accuracy may be due to the fact that, al-
though the initial formation of the two cohorts followed
very similar schemes, the other female Spanish cohorts
were younger [25, 27]. The differences among the three
Spanish cohorts’ findings can also be justified by the fact
that the ECOSAP and CETIR cohorts were comprised of
a low proportion of women over 70 years, a shorter aver-
age follow-up period, a low proportion of hip fractures
and a different method of follow up was used [26, 27].
Therefore, this could account for the differences in the hip
fracture ratio. The predicted probabilities of fragility frac-
ture using the Spanish FRAX tool have also been analysed
in FRODOS and ESOSVAL cohorts but the observed inci-
dence of osteoporotic fracture was not recorded. There-
fore, their data cannot be wsed to assess the predictive
ability of the tool [42, 43].
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The study has some strengths and limitations. The
strengths of our study include among the 3397 poten-
tially eligible subjects contacted for the study, there were
no significant differences in most of the basic character-
istics between participants and non-participants. The
differences found in mean age, prior fracture, corticoste-
roids use and osteoporosis BMD result were very small,
thus we assume that the sample was representative from
the population from which it was taken. To determine
incident osteoporotic fractures some countries, in the
first place, review hospital hip fracture discharge statis-
tics assuming that all proximal femoral fractures result
in hospitalization. In the case of the remaining major
fractures (humerus, clinical spine, forearm) others stud-
ies used incidence fracture data taken from a cohort in
Malmd, working on the premise that the ratios would be
similar [44-48]. In the present study, all fractures re-
corded via the use of a telephone questionnaire were
contrasted with existing medical record data and only
included in the final analysis if the fractures were also
found both in the medical records and via the telephone
questionnaire. There are also limitations. Working on
the assumption that the women incuded in the FRIDEX
cohort could have a higher risk of osteoporotic fractures
than the general population due to the fact that it is a
population that had previously been selected to undergo
a DXA scan for different reasons. Currently, there is evi-
dence that the women included in the FRIDEX cohort
have not a higher incidence of fragility fracture than the
general population, although they have more risk factors
for fragility fracture [7, 25, 49]. In the present analysis,
deceased patients were excluded and this should be
taken into consideration. Despite the fact the number of
deceased patients only made up 58 % of the cohort, it
could lead to a misinterpretation of observed fractures
[50]. Finally, our data has been confined to women and
we still do not know if a similar result would be ob-
tained in men, further studies would be necessary to as-
certain this,

Conclusions

In summary, based on the study’s finding, the FRAX tool
has been found to show a good discriminatory capacity
for detecting women at high risk of fragility fracture. In
the case of hip fractures, this discriminatory capacity of
the FRAX tool without BMD was found to be higher
than when using BMD alone. Possibly, further studies in
Catalonia and other regions of Spain would be required
to fine tune the FRAX wols predictive capability.

Abbrevatlons

AWM, antiosteaponotic medication; ALC, ates under cumve; 84D, bone
mine@mi denshy; 88|, body Mass Indes O, confidence intesval CRFS, clinical
risk factors, DA, duslenengy X-my absorptiometry; ExpPe, expecred facues
FH, femoral meck; 500, international Society for Oinical Densiometry; ObsFa,
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observed factures; JRF, questionnaire on risk Boons; ROL, moeiver opemtng
charac e i, relatve rsk; 5D, standas deviation; T telephane
questionnaine.
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6. DISCUSSIO

El conjunt dels 2 articles que s'exposen a continuacié configuren una unitat tematica
en la present tesi per compendi de publicacions, amb I'objectiu final de validar un
model de categorizacié del risc de fractura per fragilitat en poblacié femenina
espanyola basat en I'algoritme FRAX de 'OMS publicat al 2008 [15]. Es tracta de 2

estudis en diferents cohorts de dones espanyoles amb seguiment a 10 anys.

6.1. Article 1

L’article 1 “Rationale of the Spanish FRAX model in decision-making for predicting
osteoporotic fractures: An update of FRIDEX cohort of Spanish women” és una
ampliacio de la cohort FRIDEX [34,37,38], constituida per 1308 dones caucasiques
entre 40 i 90 anys en el moment de comencar I’estudi, que havien estat derivades a
fer una DXA a la Unitat de Densitometria Ossia de I’'Hospital Universitari Vall
d’Hebron pel seu metge de familia o altres especialistes tant extrahospitalaris com
del propi hospital, seguint la practica medica habitual que suposa sol.licitar una DXA
davant la presencia d’algun factor de risc de fractura. El periode d’estudi va ser el
compres entre els anys 2000 i 2010. Es va dur a terme una selecci¢ aleatoria
estratificada per edat de dones que no prenien cap medicacid per I’osteoporosi en
el moment d’ingressar en la cohort. Es va obtenir el consentiment de les participants
previa informacié sobre la seva participacié en I’estudi, consistent en respondre a un
questionari inicial sobre factors de risc de fractura osteoporotica i atendre a una
trucada telefonica que recollia 'aparicio de nous factors de risc de fractura i
incidéncia de noves fractures a consequéencia d’un traumatisme minim al final del

periode de seguiment de 10 anys.

La variable principal d’avaluacié en I’estudi era I’aparicioé de noves fractures per baix

impacte relatades per les participants des del moment d’inclusié en I'estudi a I’any
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2000. En aquest sentit els investigadors van comprovar en tots els casos de
fractures incidents que tinguessin un registre confirmatori en el historial clinic
hospitalari o d’Atencié Primaria i no fossin produides per un traumatisme d’alt
impacte. Les localitzacions d’interés de les fractures recollides eren les classicament
considerades com a osteoporotiques (excloses les de la cara, cap i dits). El
document de recollida de dades permetia identificar la refractura en una mateixa
localitzacio. Es van contrastar totes les fractures explicades per les pacients amb els
registres medics corresponents accesibles des de la historia clinica informatitzada, i
es van excloure de I'estudi els casos en que no es van poder confirmar. A fi de
I'analisi de dades es van combinar les fractures seguint el criteri de fractures
principals de I’eina FRAX [major osteoporotic fracture] que agrupa les que tenen lloc
a nivell de columna vertebral, maluc, canell i espatlla. La rigurositat en la recollida de
les fractures osteoporotiques incloses en el treball és una de les fortaleses de
I'estudi, i és d’especial rellevancia per les fractures en altres localitzacions diferents
de la de maluc. Per determinar la incidencia de fractures de maluc alguns paisos fan
una revisid de les altes hospitalaries a on consta el codi de fractura de maluc amb la
presumpcié que totes les fractures en aquesta localitzacié son ateses als seus
serveis d’urgencies o resulten en hospitalizacié [40-43]. En el casos que no es
disposen de registres propis sobre dades de fractura (vertebra, canell i espatlla) fan
una extrapolacié de les incidencies calculades a Suecia, assumint que els valors
seran similars als observats en aquest pais [44-45]. En el nostre estudi el registre
de noves fractures es va fer a través d’un questionari telefonic estructurat amb
inclusi®6 només de les que s’havien comprovat en registres médics, evitant la
duplicacié de registres quan s’utilitzen bases de dades nacionals (per exemple per
reingressos de la mateixa persona) o la inclusié de totes les fractures de maluc
sense diferenciar de manera apropiada les secundaries a fragilitat de les d’un fort
impacte. En qualsevol cas, el fet que les noves fractures siguin referides pels
pacients o0 siguin extretes de registres oficials condiciona que s’estiguin

infraestimant la preséncia de fractures vertebrals morfometriques i aquelles fractures
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vertebrals desconegudes tant pel pacient com pel metge. Una altra possible
limitacié de les dades aportades amb aquest estudi és la manera de detectar les

fractures que les pacients no recorden.

6.1.1. Els factors de risc de fractura osteoporotica
Entre els factors clinics de fractura osteoporética es van analitzar el que s’utilitzen
en el calcul de risc de fractura amb I'eina FRAX i també les caigudes en I'any
anterior. L’edat és una de les variables que es relacionen de manera més robusta
amb la fractura osteoporotica, i en la nostra cohort de manera global la incidencia
de fractures era més gran en el grup de més de 65 anys (p<0,001). També la
proporcié de fractures de maluc, columna vertebral, avantbrag i hUmer analitzades
de manera individual augmentava amb I'edat. No obstant aix0, aquestes diferéncies
no van ésser significatives en el cas de les fractures d’himer. A més de I'edat,
I’osteoporosi densitometrica, I'artritis reumatoide, I'antecedent personal de fractura,
un IMC<20 kg/m? o la ingesta de glucocorticoides van mostrar significacio
estadistica per fractures principals i/o maluc. Ara bé, només els 3 primers ho van ser
en els resultats preliminars publicats de la cohort FRIDEX [34]. Aquests resultats
s’alineen bé amb d’altres estudis duts a terme a la nostre poblaci6 a excepcioé del
baix IMC [46]. També hem trobat dades publicades que investiguen la relacio entre
I'IMC i la fractura en dones postmenopausiques espanyoles, perd centrant-se en
I'IMC alt. En aquest context, alguns treballs van comunicar una relacié entre les
fractures vertebrals i un alt IMC [47] i, per contra, altres estudis no van trobar relacié
en aquesta localitzacio perd si per fractures d'humer proximal [48]. Al capdavall

podem concloure que calen més estudis per aclarir aquestes variacions.

També es va observar que el resultat de risc de fractura FRAX (sense DMO) a 10
anys puntuava signicativament més alt tan en fractures principals com de maluc
respecte a les no fracturades. La contribucio de la DMO en el risc de fractures per

fragilitat ja s’ha comentat i es reflecteix novament en els valors calculats de FRAX
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amb la T-score de coll femoral, que son pitjors quan la DMO és més baixa (p<0,05)
[9].

6.1.2. La capacitat discriminativa de I'eina FRAX
Per avaluar la validesa de I'’eina FRAX, un dels aspectes que es va tenir en compte
va ser la capacitat discriminativa de FRAX entesa com la probabilitat/capacitat que
té el model d’identificar els individus amb risc molt alt de fractura i els que tenen un
risc molt baix de fractura per fragilitat. Encara que pot estar discutida pels alguns
experts estadistics, la corva ROC (Receiver-Operating Characteristic), mitjancant
I’analisi de I'area sota la corva ROC, comunament anomenada AUC (Area Under the
Curve) és probablement I'eina més utilitzada internacionalment en els estudis del
camp de les fractures per fragilitat. Quan aquest index dona un valor d’1 indica que
la capacitat per predir fractures és perfecte i quan és de 0,5 que la probabilitat no es
diferencia de la produida per I'atzar. En la cohort FRIDEX, I'analisi ROC mostra una
AUC per fractura principal més precisa per FRAX calculat amb la T-score de coll
femoral [0,714 (interval de confianga 95% (IC 95%) 0,661-0,767)] i per fractura de
maluc amb FRAX calculat sense la DMO [0,883 (IC 95% CI 0,827-0,938)]. Aquestes
troballes confirmen les dades publicades en els resultats inicials de la cohort
FRIDEX [34] i recolzen la idoneitat de la tendencia actual d’avaluar el risc de fractura
osteoporotica utilitzant factors de risc clinics i no només I'Us dels resultats de la
DXA, essent d’especial interés en la poblacié de més edat, aixd és amb més risc de
fractura de maluc, i que tenen limitat I'accés a les proves densitometriques.
Tradicionalment, la disminucié de la DMO mesurada mitjangant la DXA ha estat un
dels factors mesurables més determinants per predir la fractura per fragilitat. No
obstant aquest fet, la prova de la DXA (T-score < -2,5 DE) presenta baixa sensibilitat
i moderada especificitat per predir la fractura per la qual cosa no la fa aconsellable
com a prova de cribratge poblacional [49]. Al comparar els resultats globals de la
cohort FRIDEX es mostra una bona capacitat discriminativa de la fractura

osteoporotica de I'eina FRAX respecte del model basat en la DXA, en aquest darrer
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analisi ampliat de la cohort amb uns valors per fractura principal de la ’AUC ROC de
la DMO mesurada a coll femoral de 0,706 (IC 95% 0,652-0,760) (p<0,001) i per
fractura de maluc de 0,814 (IC 95% 0,712-0,916) (p<0,001). Val la pena assenyalar
que els resultats en paisos propers al nostre han demostrat una capacitat
discriminativa similar utilitzant FRAX calculat amb la T-score a coll femoral en

comparacié a quan es fa servir inicament la DMO a nivell de coll femoral [20,24].

6.1.3. La capacitat predictiva de I'eina FRAX

Un altre dels aspectes que es va utilitzar per valorar la validesa de I’eina FRAX va
ésser la seva calibracié comparant la relacié entre I’estimacié del risc de fractura a
10 anys amb FRAX per a poblacio espanyola i la incidencia de fractura observada en
els 10 anys de seguiment de la cohort FRIDEX. La capacitat predictiva ajustada
[Observada/Estimada (Obs/Exp)] va ser per fractura osteoporotica principal de 2,29
(IC 95% 1,9-2,4) i per fractura de maluc de 2,28 (IC 95% 1,6-3,3) fent el calcul de
FRAX sense introduir el valor de la DMO femoral, i una vegada introduida la T-score
femoral va ser de 2,01 (IC 95% 1,7-2,4) i de 1,83 (IC 95% 1,3-2,7) respectivament.
Aquesta relacié es va mantenir similar a I'avaluar els resultats en funcié de I’edat,
excepte per a les dones menors de 65 anys d’edat, en les quals FRAX sense/amb la
DMO femoral va disminuir per fractura de maluc a 1,53 [IC 95% 0,7-3,3]ia 1,24 [IC
95% 0,6-2,7] respectivament. Aquest resultat s’explica per I'edat mitjana de les
dones de la cohort, en la que el 80% de les dones sén menors de 65 anys, i és
conegut que I'incidencia de la fractura de fémur augmenta amb I’envelliment de la
poblacio (85,4% del total de fractures de fémur tenen lloc en majors de 75 anys)
[50].

La prova de Hosmer-Lemeshow es va dur a terme per avaluar la bondat d'ajust
entre les fractures observades i les fractures estimades amb I'eina FRAX. Es
considera que I'ajust és bo quan la comparacié de les freqliencies observades amb

les estimades s’associa al valor 1 de la variable binomial. La grafica de la bondat
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d’ajust dels resultats es mostren abans i deprés de fer la simulacié de multiplicar per

la ratio Obs/Exp obtinguda amb les dades de la cohort.

Convé fer ressaltar que el model FRAX s’ha avaluat en altres cohorts espanyoles. La
cohort ECOSAP va publicar dades similars de prediccié de risc de fractura de
maluc, pero no van recollir dades de fractures vertebrals i només es va fer
seguiment durant un periode de 3 anys amb extrapolacions als 10 anys, per tant la
interpretacié dels seus resultats referent al risc de fractura principal amb I’eina FRAX
cal prendre-la amb prudencia [33]. Tanmateix, la metodologia per a la recollida de
fractures que es va utilitzar a la base de dades CETIR va ser completa (fractura
clinica vertebral, maluc, avantbrag distal i hUmer proximal), perd no tenen posterior
validacid en els registres medics electronics i, per tant, no aporten contrast de la
informaci6 de fractures que subministren les pacients que acudeixen a fer-se la DXA
[32]. En els resultats publicats la relacié de fractures principals Obs/Exp va ser de
2,4 (IC 95% 2,1-2,7) i per a les fractures de maluc de 0,8 (IC 95% 0,6-1,1). Per tant,
els resultats per la fractura principal coincideixen amb els nostres suggerint que el
model FRAX de forma global, sense altres ajustos, subestima el risc de fractura en
dones espanyoles [34]. La possible explicacié d’aquest infradiagnostic per a I'eina
FRAX a Espanya s’ha justificat perquée les dades de fractura incloses en I’algoritme
matematic del model FRAX provenen d’estudis realitzats en els anys noranta
[32-34], alguns d’arees amb baixa incidencia de fractura de maluc, i en
conseqliencia, s’haurien de tenir en compte dades d’incidéncia de fractura
actualizats que reflexessin la variabilitat de la incidéncia de fractura en els darrers
anys [3,23,50,51]. La relacié de fractures de maluc Obs/Exp en aquest treball
s’acosta a I'1. Una possible explicacié d’aquesta divergencia de resultats és que
malgrat la formacié similar inicial de la cohort FRIDEX i la de la base de dades
CETIR, en aquesta darrera la mostra de dones era més jove [32,34]. Les diferencies
trobades en la prediccid6 de fractura de maluc entre les 3 cohorts principals

espanyoles també poden ésser explicades pel fet que les cohorts ECOSAP i CETIR



estaven composades per una baixa proporcié de dones majors de 70 anys, hi havia
una baixa proporcié de fractures de maluc, la mitjana del periode de seguiment va
ser més curta i, es va utilitzar un métode de seguiment diferent [32,33]. En darrer
terme, la prediccié de fractura utilitzant I'’eina FRAX també s’ha analitzat a les
cohorts FRODOS i ESOSVAL, pero sense recollir la incidencia de noves fractures,
consegientment, les seves dades no es poden utilitzar per a avaluar la capacitat

predictiva de I'algoritme [52,53].

6.2. Article 2

L’article 2 “Fracture experience among participants from the FROCAT study: what
thresholding is appropriate using the FRAX tool?” és una cohort retrospectiva de
1090 dones 2 40i <90 anys en I'any 2001-2002, aix0 és, 10 anys abans del moment
d’inclusié en I'estudi, entre els anys 2011-2012 [39]. Les participants sén dones
seleccionades de manera aleatoria dels contingents de metges de familia dels
Centres d’Atencié Primaria de I'Institut Catala de la Salut, seguint una estratificacié
per edat i provincia d’acord amb el cens a I’'any 2008. Una vegada recollit el
consentiment informat de participacié en I'estudi, per una banda es va calcular el
risc FRAX de fractura osteoporotica amb dades de les variables de risc
corresponents a I’any 2001-2002, i per I’altra, es va interrogar sobre la incidéncia de
noves fractures osteoporotiques entre els anys 2001-2002 i 2011-2012. Tots els
casos de fractures informades pels pacients es van verificar amb les histories

cliniques i es van excloure aquells casos que no es van poder comprovar.

La incidencia acumulada de fractura principal osteoporotica (estandaritzada per
100.000 dones/any) va ésser significativament més gran en el grup de més de 65
anys d’edat, sobretot a maluc i columna vertebral (p<0,001). O sigui, semblen
coincidir amb les analisi duts a terme en altres cohorts espanyoles [36]. La
incidencia de fractures vertebrals simptomatiques va ser superior que en la cohort

FRIDEX [36], pero quasi 5 vegades més baixa que la que es revisa en una altra
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cohort espanyola que va utilitzar radiografies de columna vertebral toraco-lumbar
per identificar-les [54]. En quan a les fractures humerals mostren incidencies similars

a altres estudis realitzats [55].

6.2.1. Els factors de risc de fractura osteoporotica
A continuacié s’exposa la contribucié en el risc de fractura osteoporotica de les
diferents variables cliniques a la cohort FROCAT, talment com hem fet amb la cohort
FRIDEX ampliada. En aquesta cohort de dones de la poblacié general, I'edat
avancgada, la fractura previa i el tabaquisme son factors que mostren una associacio
significativa amb la fractura osteoporotica, de la mateixa manera que apareixen
indefectiblement representats en altres treballs fets en poblacié espanyola [32-34].
En I'analisi de la incidéncia acumulada de fractura osteoporotica es van trobar
diferéncies significatives en el global de fractures principals i de manera individual a

columna vertebral i maluc en el grup de més de 65 anys d’edat.

El seglient factor de risc a considerar és el valor de la DMO. A diferencia de I'estudi
d’ampliacié fet amb la cohort FRIDEX [37], en la cohort FROCAT no es disposava de
la DXA per a tots els casos, només va estar disponible en 234 (21,5%), pero val la

pena dir que la DMO va ser significativament normal en poblacié no fracturada.

Dels restants factors inclosos en I’eina FRAX, pocs han mostrat una associacié
consistent en la mostra. Una explicacié podria ser la baixa prevalenca en el cas de
les variables baix pes, ingesta d’alcohol, osteoporosi secundaria o presa de
glucocorticoides. En canvi, 'antecedent familiar de fractura de maluc estava ben
representat i malgrat ha demostrat ésser un factor de risc de fractura independent
en metanalisis i altres estudis [10], ni en aquest estudi ni en la cohort FRIDEX va
tenir significacio estadistica [34,37]. Aix0 es podria explicar per I'edat mitja de les
cohorts inferior a 65 anys, i és raonable concloure que com més gran sigui la

poblacié més probable sera que un dels seus pares hagi patit una fractura de maluc.
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La variable nombre de caigudes en I’any anterior no es comptabilitza en I'algoritme
FRAX. Malgrat aixo aquest factor ha demostrat ser un predictor de risc de fractura
per fragilitat independent de la massa Ossia i, en aquest estudi, com en d’altres
realitzats en poblacié espanyola, mostra diferencies significatives en dones amb
fractures incidents [34,36,54]. Per tant, hi ha una creixent evidencia que es podria

incloure com a predictor a les escales de risc de fractura per fragilitat.

6.2.2. L’analisi de sensibilitat de la calibracid¢ del model
FRIDEX

Posteriorment al calcul de FRAX (sense DMO) es va fer una estratificacié del risc
obtingut tenint en compte les 3 categories de risc proposades en estudis previament
publicats de la cohort FRIDEX (risc baix per FRAX< 5%, intermig per FRAX entre 2 5
i <7,5%, i alt per FRAX 2 7,5%), les quals incloien la incidencia de fractures
observades en la nostra cohort seguint rangs tradicionalment considerats com de
risc baix (<10%), intermig (10-20%) i alt (> 20%) en altres estudis epidemiologics
com els de la Canadian Association of Radiologists and Osteoporosis Canada
(CAROC) canadenca o els de validacio de les taules de risc cardiovascular
Framingham-REGICOR [56,57]. L’objectiu del present treball va ser fer un analisi de
sensibilitat de I'estratificacié FRIDEX de risc de fractura per fragilitat amb I’eina
FRAX (sense DMO) aplicada en dones espanyoles provinents de poblacié general i,
per tant, fer la seva validacié externa. En la cohort FROCAT no es van incloure els
individus amb tractament a I'inici del periode d’estudi (2001-2011), pero si es va fer
I’analisi de sensibilitat per tots 2 escenaris, sense/amb tractament iniciat durant el
periode d’estudi. En analitzar la cohort una vegada excloses les dones que havien
rebut farmacs antiosteoporotics durant el periode d’estudi (884) i utilizant els llindars
FRIDEX proposats, entre les 621 dones (70,2%) amb baix risc de fractura, una mitja
de 5,2% [IC 95% 3,4-7,6] va patir una fractura per fragilitat, entre les 99 (11,2%)
amb risc intermig, el 12,1% [IC 95% 6,4- 20,2], i entre les 164 (18,6%) d'alt risc, el
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15,9% [IC 95% 10,6-24,2]. Aixi doncs, I'analisi de sensibilitat de I'estratificacié del
risc del model FRIDEX amb I'’eina FRAX per a Espanya en poblacié general no va
mostrar diferencies significatives amb els resultats previament publicats [36].
Altrament, amb la inclusié de les 206 dones que prenien o havien pres tractament
amb medicaments antiosteoporotics (MAO) una vegada iniciat el periode d’estudi,
I'analisi de sensibilitat no va mostrar tampoc diferéncies: entre les 739 dones
(67,8%) amb baix risc de fractura, una mitja de 6,8% [IC 95% 5,0-8,8] va patir una
fractura per fragilitat, entre les 130 (11,9%) amb risc intermig, el 18,5% [IC 95%
12,2-26,2], i entre les 221 (20,3%) d’alt risc, el 24% [IC 95% 18,5-30,2]. Val la pena
dir que inicialment I'eina FRAX no estava dissenyada per ésser utilitzada per a
identificar el risc de fractura en pacients que rebien tractaments per I’osteoporosi ni
per avaluar I'eficacia del tractament. Aquest fet podria considerar-se com una
limitacié, ja que difereix del disseny inicial de Ialgoritme, perd recentment han
aparegut estudis de seguiment de grans cohorts en les que s’evidencia que els
resultats de prediccio del risc de fractura a 10 anys no difereixen gaire quan s’inclou
a la gent que inicia un tractament amb MAO [55,58], i aix0 no obstant, la prescripcioé

de MAO en dones amb risc de fractura osteoporotica és baixa en el nostre pais [59].

Hi ha limitacions i fortaleses al nostre estudi. La principal limitacié de I'estudi és que
la cohort FROCAT prové de poblacié general, i per aquest motiu només vam tenir
234 DXA recollides i I'analisi de sensibilitat es va fer pels llindars de risc obtinguts
amb FRAX sense la DXA, doncs no podiem recalcular el risc intermig tal i com
recomana el seglient nivell del model FRIDEX. Aixi les coses, el treball valida el
model FRIDEX per FRAX sense DMO i, especialment, els llindars que identifiquen les
pacients amb baix (<5%) i alt risc (2 7,5%) de fractura osteoporotica a 10 anys en

poblacié femenina espanyola.

S’ha dut a terme un estudi de cohorts retrospectiu sobre fractures que s'han produit

en els Ultims 10 anys abans de |'entrevista i, I'aparicié de biaixos de memoria
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implicita en aquest tipus de disseny pot afectar la fiabilitat dels resultats a causa, per
una part, de la dificultat en la recol-leccié de dades i, per I'altra, de la qualitat de la
informaci6 recollida. No obstant aixo i, a I'igual que hem comentat abans en el
primer article, la rigurositat com es va recollir aquesta variable minimitza aquest fet.
Novament es van dur a terme dos controls. En primer lloc, en tots els casos de
fractures relatades pels pacients es van revisar les seves histories cliniques o proves
d’imatge medica, i quan les fractures no es van poder verificar els subjectes van ser
exclosos de |'analisi. Aquesta comprovacio entre els conjunts de dades primaries i
secundaries és possible en la nostra institucié i permet la revisio de la informacio
medica del metge de capcalera i de I’hospital en tots dos sentits. Segon, la recerca
activa d'esdeveniments de fractura es van realitzar en les histories cliniques
informatitzades dels metges de familia per tal de recuperar les fractures no referides
pels participants. Tenint en compte que les fractures principals incloses en
I'algoritme FRAX (maluc, vertebral, canell i humer) sén simptomatiques i
possiblement condicionen una visita dels pacients fracturats amb el seu metge
d'atencié primaria, ja sigui en la fase aguda, abans d’ésser referit a I'hospital per a
una radiografia per confirmar la presencia de fractura o, si han anat a I'hospital en
primer lloc, després de I'alta per a monitoritzar les prescripcions o serveis d'atencié
domiciliaria, els autors consideren que almenys les fractures més greus serien
enregistrades pels metges d’atencié primaria. Per tant, és un conjunt fiable de
dades tenint en compte que quan la informacié prové exclusivament dels pacients
pot haver confusid en recordar una lesid que podria considerar-se important, pero
que no va esdevenir en fractura. Per contra, possibles errors de registre es poden
detectar quan s'entrevista als pacients. Comptat i debatut la fiabilitat de la
recol-leccié de dades per determinar les fractures osteoporotiques incidents ja s’ha
validat a Espanya [60], el sistema de recollida de fractures referides pel pacient és el
més comunament utilitzat [33-34,36] i només en uns pocs casos es duu a terme
mitjancant proves radiologiques, com serien aquells en que interessa descartar

fractura vertebral per identificar de manera apropiada fractures assimptomatiques
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[54]. Una altre limitacio de I’estudi va ésser excloure en el moment de |'entrevista
(2011-2012) a les persones que havien mort, fet que podria disminuir la incidencia
de fractures observades. La relacié entre fractura osteoporotica i la mortalitat esta
ben documentada, i també ho és la preséencia de certes comorbiditats que no
s’inclouen en el calcul de I'algoritme FRAX (malaltia de Parkinson, esclerosi multiple,
malaltia pulmonar obstructiva cronica, osteoartritis i malalties del cor) i la fractura
per fragilitat, encara que en alguns casos aixo0 és controvertit perque els tractaments
utilitzats en algunes d’aquestes malalties també s’han associat amb el risc de
fractura osteoporotica [61]. En el nostre estudi era important incloure informacio
sobre les noves fractures i donada la dificultat per obtenir detalls de fractures
incidents en poblacié difunta vam decidir excloure'ls. Per tant es tracta d'un biaix de
seleccié ja que la incidéncia de fractures podria ésser major. En ultima instancia, pel
fet que la cohort sigui de poblacié resident a Catalunya, podria no ésser
suficientment representativa d’altres Comunitats Autbnomes espanyoles i, com es

tracta d’una cohort femenina, faltaria donar resultats en poblacié masculina.
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7. CONCLUSIONS

Els resultats de les analisis en les cohorts FRIDEX de poblacié seleccionada per
DXA i les analisis de sensibilitat dels resultats en la cohort FROCAT de poblacié
general ens permeten fer la validacid interna i externa del model FRIDEX, que
determina els llindars de risc de fractura principal a 10 anys en poblacié femenina
espanyola [baix (<5%), intermig (2 5i <7,5%) i alt (27,5%)], a fi de decidir instaurar,
mantenir o millorar estils de vida o aconsellar un tractament farmacologic amb MAO

per prevenir fractures.

La capacitat discriminativa de les dones amb alt risc de fractura per fragilitat de
I'eina FRAX en I’'ampliacié de les analisis de la cohort FRIDEX és bona en
comparacié al model tradicional basat en la densitometria 0ssia. Per a fractura
principal els millors resultats de la AUC van ser per FRAX calculat amb la DMO
femoral [AUC=0,714, IC 95%: 0,661-0,767], seguit de la DMO a coll femoral
[AUC=0,706, IC 95%: 0,652-0,760] i FRAX sense la DMO [AUC=0,686, IC 95%:
0,630-0,742]. Per a fractura de maluc van ser per FRAX sense la DMO [AUC=0,883,
IC 95%: 0,827-0,938], FRAX amb la DMO [AUC=0,857, IC 95%: 0,773-0,941] i la
DMO femoral [AUC=0,814, IC 95%: 0,712-0,916].

La capacitat predictiva de tenir una fractura per fragilitat de I'’eina FRAX amb un
major nombre de casos de la cohort femenina FRIDEX és consistent amb els
resultats preliminars de la cohort, amb una ratio Obs/Exp de FRAX sense la DMO
per a fractura principal de 2,29 (IC 95%: 1,91-2,74) i per a fractura de maluc 2,28 (IC
95%: 1,56-3,32], i de FRAX amb la DMO de 2,01 (IC 95%: 1,68-2,41]i 1,83 [IC 95%:
1,25-2,67] respectivament.
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Els factors de risc de fractura per fragilitat en la cohort femenina FRIDEX que van
mostrar significacié estadistica per a fractures principals i/o0 maluc van ser I'’edat,
I'osteoporosi densitometrica, I'artritis reumatoide, I’antecedent personal de fractura,

un IMC<20 kg/m? o la presa de glucocorticoides.

Els factors de risc de fractura per fragilitat en la cohort FROCAT de poblacié general
que van mostrar significacié estadistica per a fractures van ser I'edat avancada,
I’antecedent de fractura i les caigudes en I’any previ. Per contra, el tabaquisme i un

resultat de la DXA >-1 DE es van relacionar amb I’absencia de risc fractura.

En les taxes d’incidencia de fractures per fragilitat en la cohort FROCAT,
representativa de la poblacid femenina a Catalunya, s’han trobat diferéncies
significatives entre les dones majors i menors de 65 anys en el conjunt de fractures,
fractures principals, femur proximal i vertebral clinica. No s’han trobat diferencies
significatives en les fractures d’humer proximal i canell. Les taxes estandarditzades
per 100.000 dones/any en <65 anys han estat de 1348 (13,3%), 699 (7 %), 42 (0,4%),
56 (0,6%), 140 (1,4%) i 468 (4,6%) respectivament. Les taxes estandarditzades per
100.000 dones/any en 2 65 anys han estat de 2480 (24,8%), 2053 (20,5%), 560
(5,6%), 640 (6,4%), 293 (2,9%) i 560 (5,6%) respectivament.
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8. SUMMARY

The results based on the analysis of the FRIDEX cohort, selected to undergo a DXA
scan, and the sensitivity analysis performed in the FROCAT cohort from general
population, allow us to internal and externally validate the use of FRIDEX model in
the Spanish female population, which determines 3 levels of risk of osteoporotic
fracture with FRAX without DXA [low risk (<5%), intermediate (2 5 and <7.5%) and
high (27.5%)] in order to consider, maintain or improve a healthy lifestyle or to advise

pharmacological treatment with anti osteoporotic medication.

The discriminatory ability of the FRAX tool for detecting women at high risk of
fragility fracture in this updated analysis of the FRIDEX cohort is good when
compared to the BMD model alone in decision-making (FN T-score). For major
fracture the best-case scenario was obtained with FRAX tool including FN T-score
[AUC=0.714, 95% Confidence Interval (Cl) 0.661-0.767], followed by FN BMD alone
[AUC=0.706, 95% CI 0.652-0.760] and FRAX tool without BMD [AUC=0.686, 95% CI
0.630-0.742]. For hip fracture the best-case performance analysis was obtained with
FRAX without BMD [AUC=0.883, 95% CI 0.827-0.938], followed by FRAX including
FN T-score [AUC=0.857, 95% CI1 0.773-0.941] and FN BMD alone [AUC=0.814, 95%
Cl1 0.712-0.9186].

The predictive capacity of fragility fracture using the FRAX tool in this expanded
sample from FRIDEX cohort using the ratio Observed fractures/Expected fractures
was 2.29 [Cl 95% 1.91-2.74] for major osteoporotic fracture and 2.28 [Cl 95%
1.56-3.32] for hip fracture using the FRAX tool without BMD, and on the introduction
of the FN T-score was 2.01 [Cl 95% 1.68-2.41] and 1.83 [Cl 95% 1.25-2.67],

respectively.
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The risk factors of fragility fractures from the updated FRIDEX cohort that showed
statistical significance across major and/or hip fractures were age, DXA osteoporosis
diagnosis, rheumatoid arthritis, previous fractures, low body mass index (<20 kg/m?)

and the use of glucocorticoids.

The risk factors of fragility fractures from the FROCAT cohort that showed statistical
significance in fractures were age, prior fracture and 22 falls in previous year.
Conversely, smoking and normal results of DXA were associated with nonfractured

individuals.

The incidence of suffering fragility fractures among women from the general
population in Catalonia (FROCAT cohort) was significant for women over 65 years
old when analysing together all fractures, major fractures, and specially for hip and
spinal fractures. No significant differences were found in the proximal humerus
fractures and wrist. The standardised rates by 100.000 women/year <65 years old
were 1348 (13.3%), 699 (7%), 42 (0.4%), 56 (0.6%), 140 (1.4 %) and 468 (4.6%),
respectively. The standardised rates by 100.000 women/year 265 years old were
2480 (24.8%), 2053 (20.5%), 560 (5.6%), 640 (6.4%), 293 (2.9%) and 560 (5.6%),

respectively.
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10.1.

Annexe 1: Descripcio de la cohort FRIDEX (protocol d’estudi)
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Prediction of absolute risk of fragility fracture at 10 years in Spanish
population: validation of the WHO FRAX® tool in Spain. BMC
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Abstract

incidence increases exponentially with age.

burden of osteoporotic fractures in the next 50 years,

tool from the official web site.

by FRAXT™,

Background: Age-elated bone los i asymptomatic, and the morbidity of osteoporosis is secondary to the
fractures that eccur. Common sites of fracture include the spine, hip, ferearm and proximal humerus, Fractures at
the hip incur the greatest morbidity and mortality and give rise to the highest direct costs for health sendces. Their

Independently changes in population demography, the age - and sex- spedfic incidence of osteoporotic fractures
appears to be increasing in developing and developad countries. This could mean more than double the expected

Methods/Design: To assess the predictive power of the WHO FRAX™ tool to identify the subjects with the
highest absclute risk of fragility fracture at 10 years in a Spanish population, a predictive validation study of the
tool will be arried out. For this purpose, the participants recruited by 1999 will be assessed. These were referred to
scan-DXA Depatment from primary healthcare centres, non hospital and hospital consultations. Study population:
Patients attended in the national health services integrated into a FRIDEX cohort with at least one Dualenengy
¥-ray absorptiometry ([DXA) measurement and one extersive questionnaire related to fracture risk factors.
Measurements: At baseline bone mineral density measurement using DXA, clinical fracture risk factors
questionnaire, dietary calcium intake assessment, history of previous fractures, and related drugs. Follow up by
telephone interview to know fragility fractures in the 10 years with verification in electronic medical records and
also to know the number of falls in the last year. The absclute sk of fracture will be estimated using the FRAXT™

Discussion: Since more than 10 years ago numerous publications have recognised the importance of other risk
factors for new osteoporotic fractures in addition to low BMD. The extension of a method for calculating the risk
(probability) of fractures using the FRAX™ tool is foresesable in Spain and this would justify a study such as this to
allow the necessary adjustments in calibration of the parameters included in the logarithmic formula constituted

Background

Epidemioclogy of osteoporotic fractures

Osteoporosis is an asymptomatic disease until it is com-
plicated by a bone fracture occurring without trauma or
after a minimum trauma. It is the most common bone
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disease in humans and represents an important health
care problem in developed countries. The high inci-
dence of osteoporosis worldwide and its main complica-
tion, osteoporotic fractures, also known as fragility
fractures, have been recognised for more than 20 years
[1]. One of the first meta-analyses on fracture risk pub-
lished in 1996 demonstrated the association between
bone mineral density (BMD) and the risk for osteoporo-
tic fracture [2].
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The probability of a woman with menopause present-
ing an ostecporotic fracture during the remainder of her
life (the most frequent are; vertebral, forearm, humerus
or hip) surpasses even the risk of having breast cancer,
with this probability being approximately 40% higher in
developed countries and very close to the risk of coron-
ary disease in the same countries [3].

According to the recent guidelines by the American
College of Physicians for the screening of osteoporosis
in males, this disease is considered to be underdiag-
nosed and under-treated, perhaps due to the relatively
lower frequency. A 60-year-old white man has a 25%
risk of having an osteoporotic fracture during his life-
time, with even more severe consequences than in
women [4]. Indeed, the post-hip fracture mortality at
one year in men is double that in women [4]. The influ-
ence of fragility fractures on the quality of life of both
men and women has also been widely reported [5].

According to data estimated in subjects over the age
of 50 years in Europe in the year 2000, 620,000 new hip
fractures, 575,000 shoulder fractures, 250,000 proximal
humerus fractures and 620,000 symptomatic vertebral
fractures were reported, representing almost 35% of the
fractures described in the world [6]. The direct costs of
osteoporotic fracture in Europe are of around a total of
36 billion Euros per year [7].

The greatest clinical relevance of osteoporosis is consti-
tuted by osteoporotic fractures, and these are implicated
in the increase in morbimortality and loss of quality of
life attributable to this disease. Thus, attention must be
focused on the identification of patients with a high risk
of fragility fracture [8], than on the identification of those
with osteoporosis, diagnosed exclusively by densitometry.

Although BMD (measured by densitometry) is an
important component of fracture risk, several other risk
factors have also been demonstrated to greatly contri-
bute to the risk of fracture and should be taken into
account when performing a global evaluation of risk [8].

inical determinants of osteoporotic fracture
In the last years different studies have been carned out
with the aim of identifying the dinical risk factors which
may be used in the search for therapeutic strategies,
with or without the use of densitometry [9].

The last version of the European guidelines for the
diagnosis and treatment of osteoporosis in postmeno-
pausal women published in 2008 [10] proposes the
strategy of evaluation together the results of densitome-
try and clinical risk factors of fracture to decide which
diagnostic and therapeutic interventions to implement.

The FRAX ™ tool, a useful tool for clinical practice
In 2008, the WHO published a new promising tool for
the evaluation of absolute risk of fragility fracture: the
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FRAX™ tool [11], WHO fracture risk assessment tool
This is a scale including 11 of the clinical risk factors
which have demonstrated a strong association with the
incidence of fracture in previous studies according to
the WHO experts. Factor number 12 in this scale also
includes a single value of Dual-energy X-ray absorptio-
metry (DXA) central bone densitometry: the T-score of
the femoral neck. An introducing these data of a patient
provided in the form of the FRAX™ website, an indivi-
dualised calculation of the percentage of prediction of
absolute risk of: (a) major osteoporotic fracture (clinical
vertebral, hip, forearm or humeral fracture) and (b) hip
fracture in the following 10 years may be made [11].

To develop the logarithmic formula of FRAX™, were
included parameters from different European cohorts
from the EVOS study focused on vertebral fractures
[12]. As representatives of the Spanish population were
included people from Owviedo and other three Spanish
cities. However, they had very low rates of response: in
some cases were less than 8%, with a total number of
subjects potentially insufficient to be representative of
Spanish population [13].

On the other hand, it should be pointed out that as
recommended in the description of the FRAX™ tool,
this scale should be developed and validated in each
country. Cost-effectiveness studies are also recom-
mended with the data from each country to obtain an
approximation of the cost which each country is willing
to accept as reasonable for the prevention of fragility
fractures.

It is therefore reasonable for the first step before the
generalised use of the FRAX™ scale in the medical
offices of our country to carry out the validation of this
scale in a larger cohort made up of the patients usually
attended at the different health care levels in which
diagnostic; treatment and follow up interventions for
osteoporosis are undertaken. On the other hand, recent
evidence [14-17] also recommend the evaluation of
other risk factors related to low mass and risk of fragi-
lity fracture and not considered in the FEAX™ tool
when assessing fracture risk such as the presence of
chronic obstmctive pulmonary disease (COPD), the use
of some drugs such as aromatase inhibitors (increasingly
more frequent in women treated for breast cancer),
daily calcium intake and usual physical activity which
are related to bone mass and risk of fragility fracture.

Falls and fragility fractures
Fragility fractures are defined as those which occur after
non major impact produced by a fall from a height of
less than that of the patient with no added inertia to
that of the displacement of its foot when walking,

Since more than 20 years ago studies have demon-
strated the importance of falls on the incdence of new
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fractures in predisposed subjects, with a strong associa-
tion between the number of falls and fracture. This
association is even more important in patients over the
age of 75 years than the classical association described
between osteoporosis and fracture [16]. Different vari-
ables related to the greater risk of falls have also been
reported such as factors of the individuals themselves
{muscular strength of the lower extremities, equilibrium
or postural competence, difficulties in vision, cognitive
deterioration), purely environmental factors (home light-
ing, rugs, pets..) and iatrogenic factors (different groups
of drugs, drug combinations) [18-21].

Despite these evidence on the potential influence of
falls on the occurrence of fragility fractures, they have
not been included as risk factors in the FRAX™ tool for
the determination of absolute fracture risk at 10 years,
probably due to the publication of studies with contra-
dictory long term results which impede consistent estab-
lishment of their association.

The importance of being able to determine the asso-
ciation between the number of falls and the appearance
of fragility fracture may be established by the possibility
of their prevention, thereby reducing the risk of falling.
Different studies have presented good results with differ-
ent training techniques and a recent Cochrane review
[22] provides measures of the potential benefit of inter-
ventions such as programmes of multidisciplinary detec-
tion and intervention (RE 0.73;CI 95%: 0.63-0.83),
muscular strengthening and balance retraining (RR 0.80;
C1 95%: 0.66-0.98), evaluation and modification of risks
at home (BR 0.66; C1 95%; 0.54-0.81), withdrawal of psy-
chotropic drugs (RR 0.34; C1 95%: 0.16-0.74) and a 15-
week intervention of Tai Chi group exercises (RR 0.51;
C1 95%: 0.36-0.73) among others.

The latest guidelines published in our country recom-
mend intervention related to the risk of fall in subjects
with osteoporosis according to a maximum grade of evi-
dence (SEIOMM Guidelines 2008, AATRM Guidelines)
[23,24].

The high incidence of falls in the elderly (30% of sub-
jects over the age of 65 years living at home fall every
year)} [22], as well as the associated morbidity and the
tests available demonstrate the relevance of a study such
as this to establish their association and determine the
need for their inclusion as important and preventable
risk factors in tools such as FRAX™ to assess the abso-
lute risk of osteoporotic fractures.

FRAX™ is a tool which is evolving and in the future
may become a commonly used tool in medical centres
in our country, especially in Primary Care (PC) in which
the greatest number of subjects with osteoporosis is
attended and where programmes of prevention of osteo-
porotic factors may be carried out. This is another argu-
ment reinforcing the need for urgent validation of this
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scale in our country, and it is the main objective of this

study.

Objectives

Main objective

To determine the predictive validity of the WHO
FRAX™ risk scale to identify subjects with the greatest
absolute risk of fragility fracture in the next 10 years in
a Spanish population in a clinical cohort designed to
promote the study of different risk factors of presenting
osteoporotic fractures.

Secondary objective

To analyse the association between clinical and environ-
mental risk factors (number of falls, exposure to drugs,
dietary calcium intake) and the cccurrence of osteo-
poratic fracture in a susceptible Spanish population.

Methods/Design

Study of predictive evaluation of a tool to assess the risk
of osteoporotic fracture through the follow up of a
cohort initiated in 1999,

Study population and enrolment procedures

This multicentre study is carried out by family practi-
tioners and other specialists who refer patients to the
same reference centre for undertaking BMD. The cri-
teria for referral follow the recommendations of the
WHO of not performing a population screening but to
select cases among those of greatest risk of having
osteoporosis and subsequent osteoporotic fractures or
the follow up and control of patients already receiving
treatment.

The FRIDEX cohort (Factors of fracture risk and cen-
tral bone densitometry). This cohort is constituted of
men and women referred by general practitioners and
specialists for undergoing central bone densitometry by
Dual-energy X-ray absorptiometry (DXA) for the initial
study of osteoporosis or treatment follow up, who
accept to answer an extensive questionnaire on risk fac-
tors (RF) for osteoporotic fracture (family history of
osteoporosis and hip fracture, dinical risk factors and
lifestyle habits related to diet and toxic substances) [see
Table 1]. This cohort was initiated in 1999 at the Bone
Densitometry Unit of the Department of Nuclear Medi-
cine of the University Hospital Vall d'Hebrén in Barce-
lona and at the end of 2009 had included 25,783
persons of both genders who had undergone a total of
41,849 DXA and questionnaires on RFs.

Since the beginning of the study verbal informed con-
sent to participate in the cohort was obtained from all
the patients and an extensive questionnaire on clinical
risk factors was carried out. The data collected is stored
in a specific database (DB) for this cohort.
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Table 1 Total FRIDEX (2000-2010 years) cohort
description

Total Men Women
Cases 25783 2349 13434
M D) N {50} N {504
Age 612{102) 650{108) 608 (10.1)
Weight S81 {122 753(133) &74(119
Height 1556 (74) 1657 (72) 1546(74)
N 8} N (%) N %
Parental Osteoporosis ar Yes 4220 153 (65%) 4067
Fracture {16.4%) {174%)
Mo 21,524 2192 19.332
(83.5%) 93.5%) B16%)
Parental Hip Fracture Yeo 166 (63%] 10 245%) 156 (699
No 2462 372 2080
193.7%) 87 4%) 53.1%)
Previous Fractures Yes HEAS B37 6OzE
{265%) B5.5%) {25.7%)
No 18918 1512 17406
{734%) 54.4%) (74.3%)
Cument Presoiptions Yes 13,928 1048 12880
{5405 H45%) B5.0R)
No 11,855 1301 10,554
(46,09 (55.4%) H5.05)

Informed consent to participate is requested in the
reference centre and a questionnaire on risk factors
(QPF) for osteoporotic fractures is given during the visit
and anthropometric parameters are determined. Ten
vears after the first QRF and DXA the patients are
asked to answer a phone survey (See additional file 1) to
know the evolution of the study variables and outcomes
(fragility fractures).

Study population
Urban setting. Primary care (PC), extrahospitalary (E)
and hospital specialties (H).

Integrants of the FRIDEX cohort. Randomised sample
(simple computerised randomisation stratified by sex) of
men and women from 40 to 90 years of age in the FRI-
DEX cohort for 10 years since the baseline DXA and
QRF. At the end of 2009 this sub-cohort included 5,813
persons recruited from January 1 to December 31, 2000.

Eligibility Criteria

A total of 3,684 subjects were randomised, 9.3% being
males to maintain the original proportion of the global
study cohort.

Inclusion criteria

The study subjects were Caucasians, = 40 and < 90 years
of age at the time of inclusion in the FRIDEX cohort,
understood and spoke the Spanish language, were able to
respond to the initial and/or follow up telephone
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questionnaire {TQ) and accepted to participate in the
study providing the corresponding informed consent.
Physically or psychically handicapped patients were
included if the relatives or care providers accepted to
answer the TQ).

Exclusion criteria

Subjects < 40 or = 90 years of age at the time of the first
DXA and QRF were excluded since FRAX™ does not
allow the calculation of the adjusted risk outside this
age range. Patients with physical or psychic limitations
impeding their participation and whose relatives did not
accept to respond to the T() were excluded as were
those with Paget's disease, cancer with bone involve-
ment or disease which may simulate ostecporosis (Le.
myeloma). Patients of ethnic groups other than Cauca-
sian were not included since other studies have demon-
strated different risk characteristics. Patients not
providing consent to respond to the TQ) and those with-
out a telephone to contact or did not respond after 3
calls made at different times according to the procedure
manual were also excluded from the study.

Sample Size (figure 1):

For the main objective (predictive validation of
FRAX™. it has been calculated that a sample of 1,070
individuals are needed in a bilateral contrast to guaran-
tee that the sample estimates the percentage of inci-
dence of new fractures with a precision of 3%. If an
annual loss rate of 1% during the 10 years of follow up
of the study is considered, a sample of 1,177 subjects is
required. In the pilot study carried out in April 2009 in
a randomised sample of 149 cases with three telephone
calls / person, 47 persons could not be contacted
(31.5%). One hundred two (68.5%) were contacted, of
which 3 (4.9%) living patients and the relatives of 2 dead
patients refused to participate. Cases receiving anti-
osteoporotic drugs and/or those with cancer (35 people)
and 6 males were excluded. Information was obtained
on data at 10 years in 97 of the 149 cases. A total of
3,664 individuals should therefore be contacted, thus
our population of 5,813 subjects potentially eligible
guarantees the necessary sample size.

Finally, in the pilot study of 149 patients and after
fulfilling the excusion criteria we obtained a sample of
56 (37.6%) of the 149 cases. With more conservative
calculations, a maximum of 3,056 subjects should be
contacted plus 20% for safety. Thus 3,664 persons
should be contacted, therefore our originally recruited
population of 5,813 subjects greater than 40 years of
age included in the cohort until the end of 2000 suffi-
ciently guarantees the necessary sample size. Conse-
quently, 3,664 subjects were randomly selected from
the 5,813 patients included in the cohort during the
year 2000.
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A sample will be obtained by months in the year 2000.
Ordering will be performed using randomised numbers
for each month and the calls will be made in this order
until the required number is achieved. The approximate
calculation is of 317 cases / month with a range from
190 to 395 cases in the different months of 2000, and
the calls will be made until the figure calculated per
month is met.

Overview of outcome measurements

Data collection

The baseline variables of both BMD and QRF were col-
lected at the time of inclusion (2000). The follow up
variables (fractures and incidental falls) will be collected
by telephone questionnaire (T(Q) during 2010 and the
beginning of 2011 to complete the 10 years of follow
up. The TQ will collect data regarding the fractures
occurring from the time of inclusion until the date of

the TQ as well as other information on known factors
of fracture risk.

Baseline variables

These include variables related to the patient: Demo-
graphic (date of birth, sex), anthropometric (weight,
height, body mass index).

BEMD measurement will be determined by central
DXA according to the 2004 and 2007 recommendations
of the International Society for Clinical Densitometry
ISCD (available at: http://www.iscd.org/Visitors/posi-
tions/Official PositionsText.cfm) for the interpretation of
the results using a Lunar GE model “Prodigy Advance”
densitometer with 11.4 software and with BMD and
T-score determination with NHANES Il references.
The densitometry diagnostic criteria used are the 1994
WHO criteria which classify the results into 3 groups
according to the levels of BMD values of the femoral
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neck: normal (T-score > -1), osteopenia (T -score
between -2.5 and -1) and osteoporosis (T-score < -2.5).

Additional file 1 shows the clinical factors of fracture
risk analysed with the structured guestionnaire (QRF),
dietary intake of calcium and drugs use.

The estimated absolute risk of fracture at 10 years
according to the FRAX™ tool is determined through
the official web site (available at: http://www.shef.ac.uk/
FRAX). The calculations of probability of fracture with
or without the T-score will be analysed in parallel by
two blinded investigators (patients anonymised and
assigned an alphanumeric code). On the appearance of
any difference a third and fourth blinded investigator
will analyse the results and will recalculate the case.

Follow up variables

These variables include the appearance of incidental
fracture in the last 10 years (dependent variable): the
telephone questionnaire will be carried out with a tele-
phone call made after 10 years of follow up. All the frac-
tures will be confirmed through medical records and/or
consultations to the health care centres after receiving
authorisation from the participants. In all cases the fol-
low up at 10 years will be completed in these subjects.
In cases of death, the data related to the cause of death
and the appearance of fractures will be requested from
the relatives and by record checking.

The number of falls during the last year will be deter-
mined with the TQ. Review of the literature has shown
different ways to analyse the falls occurring in the study
subjects. The most frequently used method is consid-
ered in this study which asks about the number of falls
during the year prior to the interview and whether a
fracture was produced in any of the falls. Other variables
to be collected during this period are: the appearance of
important diseases, the taking of osteopenic drugs and
the use of walking aids. Additional file 2 shows the tele-
phone questionnaire.

Analysis plan

The characteristics of the population will be described
according to univariate descriptive analysis. Simple com-
parisons of the baseline characteristics will be made
among the participants and non participants of the
cohort. The Chi-square test will be used to evaluate the
assodation between qualitative variables. The Student’s
t-test or, if necessary, its non parametric equivalent, the
Mann-Whitney U test, will be implemented to evaluate
the differences in the distribution of a quantitative vari-
able according to the categories defined by a binary expo-
sure. To assess the differences in the distribution of a
quantitative variable according to the categories defined
by a categorical variable with more than 2 categories,
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ANOWVA analysis of variance or its corresponding non
parametric test (Kruskal-Wallis) will be used.

For the predictive validation of the FRAX™ tool, the
appearance of the first fracture occurring during the fol-
low up period will be taken into account. The validation
of the results obtained with the FRAX™ will be per-
formed with the Hosmer-Lemeshow test and the calcu-
lation of the ROC curve. This test divides the
participants into groups (normally 10) based on their
estimated risk of fracture (FRAX™) and confirms that
each group presents a number of cases of incidental
fractures adjusted to the predicted number. On the
other hand, the ROC curve considers the scale of
FRAX™ rigk as a diagnostic test of the presence of
future fractures and as such leads to different calcula-
tions of sensitivity and specificity changing the cut off
point selected. Finally, both probabilities (sensitivity and
the complementary of specificity, or 1- specificity) will
be graphically represented the curve. The shape of the
curve is a visual indicator of the quality of the diagnostic
test.

To know the distribution of the factors associated
with fracture according to age and sex, bivariate combi-
nations will be used with the Chi-square test among
categorical variables and the Student's test among quan-
titative and categorical variables. To model the number
of fractures occurring in our dataset which is, in fact, a
count over time, Poisson regression will be used, which
is what is precisely required for this type of variables
and was used for the creation of the FRAX™ scale. All
the statistical tests will be undertaken with a confidence
interval of 95% and with the use of the 17th or latest
version available of the SPSS statistical package.

Study limitations, potential limitations and biases

Since the FRIDEX cochort is constituted by subjects
requiring a DXA scan (according to their physician), it
likely that the recruited population will be at a baseline
risk greater than that of the general population. None-
theless, descriptive analysis of the population of this
cohort indicates that the percentage of 32.3% of persons
with densitometry osteoporosis is very similar to that
reported in the literature for women of 50 years of age.
Owr results may therefore be extrapolated to a popula-
tion in which the physician is evaluating the risk of low
bone mass or fracture (case finding) which is, further-
more, the population recommended for investigation by
the WHO.

The QRF used includes the variables of the FRAX™
scale and is complemented by the follow up telephone
questionnaire on fractures, falls and new medications
prescribed as well as diseases developed in the last

10 years.
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The variable “number of falls” was not collected at the
beginning of the FRIDEX cohort. Therefore, it may only
be considered as an outcome variable in the subgroup
of cases with incdental fractures posterior to the collec-
tion of this variable. Nonetheless, according to the opi-
nion of the extemnal assessor and the research team, this
variable is highly related to the risk of fracture and thus,
should be collected and taken into account in this study.

To minimise the effect of possible losses which may
imply bias (given the morbimortality associated with frac-
tures and the possible dropouts over 10 years), notable
increases in the sample size have been considered neces-
sary such as the cases to be localised among those with a
contact telephone number. We believe that this will mini-
mise the losses to follow up or refusal to participate for
several reasons: information will be collected by telephone
to avoid the difficulties of post questionnaires, which have
low response rates in our setting; in addition the partici-
pants in the FRIDEX cohort had already accepted to parti-
cipate in the QRF and almost all of the persons contacted
in the pilot study accepted to answer follow-up survey.

There may be a bias in the collection of the informa-
tion on incidental fractures which is collected based on
the patient self-report. Nevertheless, in this study all the
new fractures detected will be contrasted with the corre-
sponding medical reports or by consultation with the
physicians. Thus silent vertebral fractures will be scar-
cely detected but the symptomatic vertebral fractures,
which are those included in the prediction of the
FRAX™, will be collected. In addition, this is the usual
method used in large epidemiological studies. The possi-
ble limitations inherent to data collection by telephone
will be minimised with interviewer training among per-
sonnel with health care background through the
improvement detected in the pilot study and by the
incorporation of potential improvements thereafter.

The study has been approved by the ethical committee
of the Clinical Research Ethics Committee of the Vall
dHebron University Hospital (Barcelona, Spain). Addi-
tional file 3 shows the timing of the project.

Discussion

Since more than 10 years ago numerous reports have
recognised the importance of other risk factors for new
osteoporotic fractures in addition to low BMD. This
new evidence has modified the conception of the utility
of BMD as the gold standard or as an added element
for decision making in the management of osteoporosis
in primary health care settings.

The FRAX™ tool was published by the WHO in 2008
and was created to establish a calculation of the probabil-
ity of absolute risk of osteoporotic fracture at 10 years.
This was initially based on the analysis of thousands of
person included in several cohorts in Europe [12,13].
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Since its publication this tool has also been used to know
the risk of fracture in other population cohorts in Europe,
the United States of America, Canada, and Japan [25-30].
Likewise, since its publication this tool has undergone new
adjustments and calibrations for different populations [30].
On the other hand, some studies have also recently been
published, in which the cases of fracture estimated or
expected by the FRAX™ tool were significantly lower
than the cases of incidental fractures actually observed in
the 10 years of follow up [31].

In the case of the Spanish population included in the
FRAX™ tool, there are some doubts as to their repre-
sentativeness because of the scarce response of original
study and scarce global number of patients included
[12,13], which could represent problems of external
validity and should be contrasted with new studies of
large cohorts over long periods of follow up to allow the
establishment of epidemiological relationships adjusted
to each population.

The extension of a method for calculating the risk
{probability) of fractures using the FRAX™ tool is fore-
seeable in Spain similar to what is occurring in other
countries and this would justify a study such as this to
allow the necessary adjustments in calibration of the
parameters included in the logarithmic formula consti-
tuted by FRAX™,

From the point of view of validation and economic
analysis of the FRAX™ tool, the National Osteoporosis
Guideline Group (NOGG) has recently published a cal-
culation with FRAX™ which takes cost-effectiveness to
avoid a new fracture in a population in the United King-
dom into account [15]. This is one of the first countries
to publish studies on the economic cost which means
the willingness to pay and cost-effectiveness to avoid a
new fracture in its population. These calculations have
been based on the calculation of fracture risk using the
FRAX™ tool and determined dinical risk factors

It can be expected that other counties will establish
the same parameters with economic evaluation derived
from the application of the FRAX™ tool. A study of the
diagnostic validation of the FRAX™ tool is necessary as
the first step to establish the criteria of cost-effectiveness
and the number of cases to treat to avoid the appear-
ance of new osteoporotic fractures.

Studies in large cohorts over long periods of follow up
have allowed epidemiological associations to be estab-
lished, and although numerous studies have demon-
strated the independent association of clinical and
environmental risk factors with low BMD, some associa-
tions with fractures in populations in different geogra-
phical zones are pending thus, the need for extensive
epidemiological studies in the Spanish population.

Omne of the few studies published with the FRAX™ tool
in Spain did not provide new knowledge on the idealness
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of the cohorts represented [32], thereby justifying a study
such as the present which will allow the necessary calibra-
tions and adjustments of the parameters included in the
logarithmic formula constituted by the FRAX™, At the
same time, the scientific community requires a relatively
easy and agile system to determine when a DXA should
be requested and/or when treatment for osteoporosis
should be initiated based on reliable predictive models
similar to those already implemented in the daily routine
for the prevention of cardiovascular events.

The WHO has recommended that prospective studies
should be performed with this methodology in our
population. This is therefore a great opportunity to vali-
date and contribute to the determination of its true uti-
lity among the collective of physicians, especially in
Primary Care, and in the population by focusing on
interventions in the cases of greatest risk of fracture,

Ethics

The study has been approved by the ethical committee
of the Clinical Research Ethics Committee of the Vall
dHebron University Hospital (Barcelona, Spain).

Telephone calls will be made to all the cases of the ran-
domised sample of the cohort. According to the protocol
accepted by the reference Clinical Research Ethics Com-
mittee [PR registration number { AG) 68/2009], verbal con-
sent will be requested at the onset of the study to continue
with the telephone interview, the posterior follow up calls
and to compare the fractures in the medical records.

The investigators guarantee and will be responsible for
data confidentiality. The clinical data will be introduced into
a computerised database in which the patients are identified
by an anonymised code. A parallel database will be created
containing the data of patient affiliation and the cormrespond-
ing relational code. Only the Principal Investigator and the
study data manage will have access to this database.

Additional material

Additional files 1: Questionnaire on sk factors (QRF). Shows the
clinical fctors of factue risk analysed with the sruchured questionnaine
{ORF), distary intake of aldum and drugs use.

Additional file 2: Telephone Questionnaire (TQ). Shows the ollow-up
surey of facos that can influence the number and type of fracounes,
falls, drugs. and athers

Additional file 3: Timing of the Project Shows the waork plan, broken
down by task and timetable
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Annexe 2: Primers resultats de la cohorte FRIDEX sobre la

capacitat discriminativa i predictiva

Azagra R, Roca G, Encabo, Aguyé A, Zwart M, Guell S, et al. FRAX®
tool, the WHO algorithm to predict osteoporotic fractures: the first
analysis of its discriminative and predictive ability in the Spanish
FRIDEX cohort. BMC Musculoskeletal Disorders. 2012;13:204.
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FRAX® tool, the WHO algorithm to predict
osteoporotic fractures: the first analysis of its
discriminative and predictive ability in the
Spanish FRIDEX cohort

Rafael Azagra'”~", Genls Roca™, Gloria Enabe®, Amada Aguye®, Marta Zwart™, Silvia Gaell®, Naria Puchol,
Emili Gene™, Enrigue Casado™, Pilar Sancho'", Silvia Sola'™, Pere Toran'®, Milagros Iglesias”,

Maria Carmen Gisbert'?, Francasc Lépez-Expésito’'®, Jestis Pujol-Salud'®, Yolanda Fernandez-Hermida®!7,
Ana Puente'™ Mireia Rosas®, Vicente Bou' Juan José Anton®®, Gustavo Lansdberg®,

Juan Carlos Martin-Sanchez”’, Adoff Diez-Pérez”® and Daniel Prieto-Alhambra' ™

Abstract

Background: The WHO has recently published the FRAX® tool to determine the absolute risk of ostesporotic
fracture at 10 years. This tool has not yet been validated in Spain.

Methods/design: A prospective observational study was undertaken in women in the FRIDEX cohort (Barcelona) not
receiving bone active drugs at baseline. Basaline measurements: known risk factors including those of FRAX® and a DXA
Follow up data on seffreported inddent major fractures (hip, spine, humerus and wrist) and verified against patient
records. The caleulation of absolute risk of major fracture and hip fracture was by FRAX® website. This work follows the
quidelines of the STROBE initiative for cohort studies. The discriminative capadty of FRAX® was analyzed by the Area
Under Curve (AUC), Recelver Operating Characteristics (ROC) and the HosmerdLemeshow goodness-offit test The
predictive capacity was determined using the ratio of ohsened fracturesfexpected fractures by FRAX™ (ObsFx/ExpP).

Results: The study subjects were 770 women from 40 to 90 years of age in the FRIDEX cohort. The mean age
was 56.8 + 8 years. The fractures were determined by structured telephone questionnaire and subsegquent
testing In medical records at 10 years. Sixty-five (8.4%) women presented major fractures (17 hip fractures),
Wornen with fractures were older, had more previous fractures, more cases of rheurnatold arthritls and also
more osteoperasis on the baseline DXA. The AUC ROC of FRAX® for major fracture without bone mineral
density (BMD) was 0693 (Cl 95%; 0622-0763), with T-score of femoral neck (FN) 0.716 (T 95%; 0.646-0.786),
being 0.888 (Cl 95%; 0.824-0.952) and 0.849 (Tl 95%; 0.737-0.952), respectively for hip fracture, In the model with
BMD alone was 0661 (1 95%; 0.583-0.739) and 0779 (C1 95%; 063140.929). In the model with age alone was 0668 (T 95%;
06030.733) and 0882 (01 96%; 0.832-0934). In both cases there are not significant differences against FRAX® maodel, The
overall predicthe value for major fracture by ObsPx/BxpFx ratio was 2.4 and 28 for hip fracture without BMD. With BMD
was 2.2 and 2.3 respectively. Sensitivity of the four was always less than 50%. The Hosmerdemeshow test showed a good
comelation only after calibration with ObsFw/ExpP ratio.
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Conclusions: The current version of FRAX™ for Spanish women without BMD analzsed by the AUC ROC
demonstrate a poor discriminative capacity to predict major fractures but a good discriminative capacity for hip
fractures. Its predictive capadty does not adjust well because leading to underdiagnosis for both predictions
major and hip fractures. Simple models based only on age or BMD alone similarly predicted that more complex

FRAX™ maodels.

Background

The major manifestation or dinical consequence of
osteoporosis is the appearance of osteoporotic fracture
or fragility fracture [1]. It is well known that osteopor-
otic fractures involve a higher incidence of new fractures
and lead to disability [2]. Hip fractures and those of the
vertebrae with clinical manifestations are especially
important since they carry an increase in mortality [3,4].
There is currently wide consensus regarding the need to
develop strategies for the prevention of fractures and in
the last years it has been recommended that the decision
and the threshold of intervention be based on dinical
assessment of risk of fragility fracture [3-8] and not only
on the values of BMD and the relative risk as in the
meta-analysis by Marshall D et al. [9].

Multiple epidemiological studies have described differ-
ent clinical risk factors of osteoporotic fracture (CRFs)
and which are been associated with an increased risk of
developing osteoporaosis and/or fragility fractures. None-
theless, nat all have determined a strong association,
and the presence of these CRFs has not been uniform in
the different studies and systematic reviews [10-14].

Most of the most powerful CRFs are concordant in
different populations and, in general, similar for different
fractures. Fractures related to falls have additional risk
factors such as the number of falls, scarce physical activ-
ity and others such as the use of a walking stick, the
need for help to get up from a chair, etc). The CRFs
associated with lifestyle such as smoking, alcohol intake
or caffeine, low calcium consumption and scarce phys-
ical exercise have shown greater variability and lesser
uniformity among the different studies [6,7]. Finally, the
influence of some risk factors on the risk of fragility frac-
ture has been demonstrated in different meta-analyses
and systematic reviews [15-20]. As previously commen-
ted, since more than 15 years ago there has been
evidence that BMD below the standard values is one of
the important risk factors for fragility fracture [21.22].
More recently, however, other CRFs with as great ar
greater specific weight in the determination of risk of
fragility fracture have been reported [11-1322].

It is well known that there is an important varation in
the relative risk of hip fracture in both men and women
at an international level. The WHO itself has performed
numerous investigations on this difference. In one of the

latest studies this difference was defined as a standar-
dised rate at 10 years, being, in the most extreme cases,
15-fold greater between countries such as Norway and
Chile [23].

The studies performed by the Bone and Mineral
Research Program, in Garvan [nstitute of Medical
Research show that the combination of BMD and non-
invasive clinical risk factors in a nomogram could be
useful for identifying high-risk individuals for interven-
tion to reduce the risk of hip fracture [24]. With the
objective to make a purpose of when were the better
moment and the patient who better benefits of new
drugs available for the prevention of osteoporotic, World
Health Organization Collaborating Centre for Metabolic
Bone Diseases, University of Sheffield, UK developed the
FRAX tool. Both are useful tools to estimate absolute
risk of fracture for clinical practice but both have limita-
tions: They discriminative ability was only moderate in
older women (mean 74 years old) which may limit their
dlinical utility [25].

Both Garvan and FRAX are widely available tools:
httpy/ fwww.garvan.org.au/bone-fracture-risk/ and http://
www.shefacuk/FRAX/ but both models still need to be
validated in different populations before they can be
generalized to other populations and further studies will
be needed to validate their contribution in selecting
patients who will achieve fracture risk reduction with
anti-osteoporosis therapy. With the current available
algorithms, a possible dinical application may be to use
FRAX as the primary model and to consider using
Garvan in patients with recurrent fractures and falls [25].

Since the technical reports of 1994 [26] and their
review in 2001 few changes have been made with respect
to the WHO recommendations on the management of
osteoporosis. In 2007, the WHO published a new tool
for the evaluation of absolute risk of fragility fracture:
the FRAX tool [27-30]. This tool was developed by
WHOC to evaluate fragility fracture risk for a 10 year
period in patients for many countries [31-33].

The extension of a method for calculating the risk
(probability) of fractures using the FRAX tool is foresee-
able in Spain similar to what is occurring in other coun-
tries since its publication [34,35]. But before its clinical
use its necessary to validate the calculator in a local co-
hort [29,30].
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Objectives

The objective of this study was to evaluate the discrim-
inative and predictive capacity of the FRAX tool to
determine osteoporotic or fragility fracture in Spain at
10 years.

This study describes the discriminatory capacity
using the AUC-ROC of the FRAX tool to determine
which Spanish women will have an osteoporotic frac-
ture over the 10 years following the determination of
the risk. On the other hand, the global predictive cap-
acity of the FRAX tool has been calculated to detect
the osteoporotic fractures on comparing the fractures
observed over the 10 years with those expected by the
FRAX tool.

Methods

Methods/design

The protocol, procedures and main characteristics of the
study have recently been published [35].

Briefly, the FRIDEX cohort (Fracture Rlsk factors
and bone DEnsitometry type central dual X-ray) is
constituted of men and women referred by general
practitioners and specialists for undergoing central
bone densitometry by Dual-energy X-ray absorpti-
ometry (DXA) for the initial study of osteoporosis or
treatment follow up, who accept to answer an exten-
sive questionnaire on risk factors (QRF) for osteopor-
otic fracture (family history of osteoporosis and hip
fracture, clinical risk factors and lifestyle habits related
to diet and toxic substances) [35]. This cohort was
started in 1999 at the Bone Densitometry Unit of the
Department of MNuclear Medicine of the University
Hospital Vall dHebrén, Barcelona, Spain.

During the baseline visit at the reference centre
informed consent to participate was requested and a
QRF for osteoporotic fractures is given during the
visit and anthropometric parameters are determined.
Ten years after the first QRF and DXA the patients
were asked to answer a phone survey to know the
evolution of the study variables and outcomes such as
new personal or parental fractures, new disease or
prescriptions.

Study population and enrolment procedures

This multicentre study was carried out by family prac-
titioners and other specialists who refer patients to the
same reference centre for undertaking BMD. The cri-
teria for referral followed the recommendations of the
WHO of not performing a population screening but to
select cases among those at greatest risk of having
osteoporosis and subsequent osteoporotic fractures or
the follow up and control of patients already receiving
specific treatment.
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Participants reside mostly in urban areas and were
referred for DXA scan by family doctors, ambulatory
specialists and hospital specialists.

Randomised sample (simple computerised randomisation
stratified by sex) was obtained of women from 40 to 90
years of age in the FRIDEX cohort for 10 years since the
baseline DXA and QRF.

Eligibility criteria

Patient inclusion criteria

The study subjects were Caucasian women, = 40 and <
90 years of age at the time of incdusion in the FRIDEX
cohort [35], understood and spoke the Spanish language,
were able to respond to the initial questionnaire done at
the surgery and a ten-year follow up structured tele-
phone questionnaire (TQ). All accepted to participate in
the study providing the corresponding verbal consent.
Physically or psychically handicapped patients were
included if the relatives or care providers accepted to
answer the TQ.

Patient exclusion criteria

Subjects < 40 or > 90 years of age at the time of the first
DXA and QRF were excluded since the FRAX tool does
not allow the calculation of the adjusted risk outside this
age range. Patients with physical or psychological limita-
tions impeding their participation and whose relatives
did not accept to respond to the TQ were excluded as
were those with Pagets disease, cancer with bone
involvement or disease which may simulate osteoporosis
(Le. myeloma). Patients from ethnic groups other than
Caucasian were not included since other studies have
demonstrated different risk characteristics. Patients not
providing consent to the T(Q and those without a tele-
phone to contact or did not respond after 3 calls made
at different times according to the procedure manual
were also excluded from the study. Dead patients were
not studied because of the impossibility of obtain all the
study varables or to answer the questionnaire by
relatives.

Data collection

The sample ordering was performed using randomised
numbers for each month and the calls were made in this
order. The baseline variables of QRF and BMD were col-
lected from January to July 2000. The follow up variables
were collected at the same month during 2010 by TQ to
complete the 10 years of follow up. The TQ was col-
lected regarding the fragility fractures ocourring from
the time of inclusion until the date of the TQ as well as
other information on known factors of fracture sk and
falls. In all cases of fracture the medical records of the
patients were reviewed and, when necessary, we
requested a medical report for its validation. All cases of
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fracture that could not be verified or those arising from
a motor vehicle accident or major trauma were excluded
from analysis. Dead patients were not studied because of
the impossibility of obtain all the study variables and to
answer the questionnaire by relatives.

Baseline variables

Height, weight, body mass index were obtained during
baseline DXA scan. The rest of baseline items were
obtained by semi structured questionnaire by interviewer
during the same visit. On the other hand, the variables
are set according to the instructions of the official
website of FRAX [http:/ fwww.shef acuk/FRAX/tooljsp?
lang=sp]. The variables which are mentioned in the
questionnaire were defined as well according to standard
units of measurement for each. Regarding the nsk of
alcohol consumption, the quantification of consumption
in standard drinks (UBEs) allows rapid quantification of
consumption and its easy conversion into grams of pure
alcohol. The value of the UBE in Spain with a slight
North-south gap is set to 10 g of alcohol and is equiva-
lent to a consumption of wine (100ml), sparkling wine
(100 ml) or beer (200 ml} half and consumption of dis-
tilled or combined (25 ml). Weekly risky drinking for
women and over 65 years is that is> 17 UBEs and men>
28-UBEs. The phone records of aleohol consumption
have shown good validity and correlation in Mediterranean
countries where alcohol consumption is widespread. Only
in case of personal drcumstances (deafness, durred speech,
etc.) a part of the information was obtained through regular
cohabiting relatives of patients in 15 of 770 cases (1.9%).
BMD measurement was determined by central DXA
according to the 2007 recommendations of the Inter-
national Sodety for Clinical Densitometry (ISCD) (available
at: www.iscd.org/Visitors/ positions/OfficialPositionsT ext.
dm) for the interpretation of the results using a Lunar
GE model Prodigy Advamce densitometer with 11.4
software and with BMD and T-score determination with
NHANES I references. The densitometry diagnostic
criteria used were the 1994 WHOQO criteria which classify
the results into 3 groups according to the levels of BMD
values of the femoral neck: nommal (T-score >-1), osteo-
penia (T-score between -2.4 and -1 inclusive) and osteo-
porasis (T-score £ -2.5).

The estimated absolute risk of fracture during the 10-year
period according to the FRAX tool was determined
through the official website (version 3.2 accessed on
October 2010). The calculations of the probability of
fracture with or without the T-score of fernoral neck and
lumbar spine (L1-L4) were analysed in parallel by two blind
investigators (patient entities were kept anonymous and
were assigned an alphanumeric code). Two other blinded
investigators reviewed the results and recalculated the data
on the appearance of any difference.
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Analysis plan
The hip fractures during the follow up period were taken
as the endpoint event. At first, all fractures were col-
lected by TQ (structured interview), but were only
included in the analysis if these fractures were verified
against patients records. The characteristics of the popu-
lation were described according to descriptive univariate
analysis. We used the Chi-square test to evaluate the
association between qualitative variables. The Student’s
t-test or, if necessary, its non parametric equivalent, the
Mann-Whitney U test, was implemented to evaluate the
differences in the distribution of a quantitative variable
according to the categories defined by a binary exposure.
To assess the differences in the distribution of a quantita-
tive variable according to the categores defined by a
categorical wvariable with more than two categories,
ANOVA analysis of varance or its corresponding non
parametric test (Kruskal-Wallis) were used. The relative
risk (RR) was calculated by quotient between prevalence of
each risk factor in fractured women and in non-fractured.
To know the discriminating ability of the FRAX tool
we used AUC-ROC and the Hosmer-Lemeshow
goodness-of-fit test. The overall predictive capacity ratio
was calculated by comparison of observed fractures
(ObsFx) in the cohort and period and the expected
fractures (ExpFx) by the FRAX tool [sum of individual
probability of fracture from all women included/100].
The proportion of fractures expected is calculated by
the sum of an individual probability of fracture from all
women included/100. Model calibration is done by
multiplying the FRAX result by the ratio ObsFx/ExpFx.
All the statistical tests were undertaken with a confi-
dence interval of 95% and with the use of the 17th
version of the SPSS statistical package.
This work follows the guidelines of the STROBE initiative
for epidemiological studies [httpy fwww.strobe-statement.
org/index.php?id=strobe- publications].

Ethics

Procedures for human subject protection and the
original protocal [35] were approved by the Clinical
Research Ethics Committee of the Vall d'Hebron University
Hospital, Barcelona, Spain and by the Ethical Committee
of the Institut Universitari d'lnvestigacid en Atencid
Primaria (IDIAP) Jordi Gol. Barcelona. Spain. Informed
consent was obtained before beginning the interviews of all
the patients.

Results

Among the person completing 10 years since their incu-
sion in the cohort, 1,308 could be contacted for this
study (Figure 1). About 69 (53%) patients died (43.4%).
Thirty nine have been detected by searching the
telephone number and detect the death. In the other 30
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cases were detected through contact with family and
reparted only 2 cases of fracture between baseline and
the date of death. A total of 770 women fulfilled the
inclusion criteria and provided informed consent to
participate.

During the 10 years of study 65 women presented a
total of 82 major osteoporotic fractures which could be
contrasted: 17 women with 18 hip fractures, 10 with 18
proximal humeral fractures, 25 with 30 forearm fractures,
and 14 with 16 vertebral fractures. All the fractures were
caused by low intensity impact according to the classical
definition of fragility fracture [26].

Table 1 shows the baseline characteristics of the parti-
cdpants and those selected but did not participate in the
study. No significant differences were observed between
these two groups except that the participants ware one
year younger on average (6.8 vs. 57.8 years) and the
participants were taking glucocorticoids (3.7 vs. 5.9%).

Table 2 describes the main characteristics of the 770
participating women as well as the results of the wvari-
ables or risk factors included in the FRAX tool and the
results of the baseline DXA expressed as the result
stratified according to the WHO classification. It also
includes the variable of falls in the previous year which
was assessed at the end of the study. The CRFs showing
significant differences between women with fractures
and those without fractures are: age, previous fractures,
having rheumatoid arthritis and having a diagnosis of
osteoporosis on DXA, The relative risks (RR)} of the
different CRFs are shown separately for major fracture
and hip fracture in Tables 2 and 3.

The wvalues of the different AUC-ROC for major and
hip fracture calculated in the cohort of Spanish women

are shown in Table 4. That is, of BMD by DXA with the
T-score of the femoral neck (FN) and with the T-score of
spine L1-L4 and the FRAX tool in three ways: without
BMD, with the FN T-score and with spine L1-L4 T-score.
The best result was for FRAX tool for hip fracture without
the T-score (0.888). In all cases the results presented signifi-
cant differences with the reference (0.50) except for BMD
with spine L1-14 T-score (p=0.067). Figures 2 and 3 are
graphs of the AUC-ROC of the FRAX tool for major frac-
ture and hip fracture. A determination of the AUC-ROC

Table 1 Risk factors among participants/non participants
in the current study of FRIDEX cohort

Participants Non Participants  p-value

[n=1180) [n= 895}
Age years, mean (50} 565 (80 578 (85) <0001
Weight in Kg, mean (50) &6 (11.5) 559 (11.1) ns
Height in om, mean (5D} 1552 (5.9) 1556 (60) ns
BMIin Kg/om2  mean SO} 277 {47) 279 (42) ns
smker, n (%) 132 {112%) 103 (115% ns
Aleohol Rigk, n (%) & 0.5%) 5 {05%) nz
Previous Fracture, n ) 259 (225%) 245 (27 4%) ns
Parental osteoparosis o 185 {157%) 138 (154%) ns
fractures, n (%)
Glumoorticoids, n (%) 44 (17%) 53 (5.9%) 0024
Rheumatoid Arthritis,n (%) 12 (1.0%) 11 (139 ns
Calcium/Vit. D 221 {187%) 187 (20.9%) ns
Supplements, n 8}
Active Bone Drugs 329 (279%) 277 (30.9%) ns
fantiosteoporotic
drugs), n (%)
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Table 2 Baseline risk factors and falls in previous year for major fracture

65 Women with fadure 705 Women without fracture  P- value 0l 95% RR C195% RR
Age (5D) &1.2{9.7 584 (77) = 0001 2473 262 (%) {163 - 4.21)
Weight (50) 674 {115) 666 (11.4) 0553 ns =
Height (D) 1553 1) 1551 {5.8) 0805 ns =
BAI (5D 280 (44 77 147) Q653 ns 19 (™ 031-453)
Previous Fracture (%) 431 186 <0001 121-369 91 {184 - 4.60)
Parental Hip Fracture (% 154 156 0963 ns ose 052 - 1.88)
Smoker ) 92 13 0504 ns 081 036 - 1.83)
Aloohal Rigke §6) 15 1 0508 ns 149 023 - 9.45)
Glucooricoids @) 77 25 0052 ns 1.15 054 - 1.40)
Rheumatoid Arthritis (%) 446 orF 0024 1290 441 {183 - 11.63)
Falls in previous year ) 323 23 Q066 ns 159 {097 - 260
xteoponoss (baseline DXA) (%) 508 58 <0001 124376 496(F) {198 1243)
Osteopenia (baseline DKA) (%9 415 509 al47 ns 235 (D) {083 - 403)
Normal {basefine DXA) (% 77 33 Q004 84228
I Foeda tive Risk

*) < 65 va = 65 years.

0 < 20vs. = 20

) Osteoponosis v normal.
) Citeopenia v nonmal

specifically for vertebral fracture was performed, being
0752 (CI 95% 0643-0.861) for the FRAX tool without
BMD, 0.815 (C1 95%; 0.725-0905) with the FN T-score and
0710 (C1 95%; 0.575-0.844) with L1-L4 T-score, without
sgnificant differences among them (p=0.157) (graph not
shown). We compare AUC of the ROC curve of FRAX tool
for major and hip fracture with a simple model including
only age. The AUC in a model that indudes only age was

0668 for major fracture and 0.882 for hip fracture with no
significant differences with the results of FRAX tool
(p=0.565 and p=0.976 respectively).

Around 27 major fractures and 6 hip fractures were
expected with the FRAX tool without BMD, while
around 30 major fractures and 7 hip fractures were
expected with the inclusion of the T-score of the femaoral
neck in the FRAX tool (Table 5).

Table 3 Baseline risk factors and falls previous year for hip fracture

17 Women with fracture 753 Women without fracture  P- value O 95% RR C195% RR
Age (5D) &34 (7.1) 565 (7.8) <0001 Q2167 1149 (% {412 - 3208)
Weight (5D} 648 (81) 66T (11.5) 0498 ns
Height (D) 153.1 73) 1552 (5.8) Q139 ns
BMI {SD) 277 (30) 277 (4.7) 0245 ns 1020 {006-1643)
Previous Fracture (%) 471 00 ooz 3.1- 509 342 {134 - 871)
Farental Hip Fracture (% 176 155 073ig ns .16 034 - 398
Smoker &) aa 114 0242 ns 0335 001 - 371)
Alcohol Risk 85) 00 1.1 1.000 ns 242 {016 - 37.26)
Glucooorticoids ) [4}:] 31 a0z ns ) {096 - 16.45)
Rheumatoid Arthritis (%) 118 [1F:] 0012 43-263 127 {346 - 46.63)
Falls in previous year ) 353 n8 0246 ns 181 UG8 - 4.54)
steoponods (baseline DXA) (%) 588 X2 0004 B8.0-552 785 {102 - 60.80)
Oxteopenia (baseline DIKA) (39 353 505 0215 ns 263 (@) {032 - 21.45)
Mormal (bazeline DXA) (% 59 »3 Q106 ns

I Foeda tive Risk, ne mo statistical gonificance.
*) < 65 w4 = 65 years.

1 < 20w = 20,

1) Osteoponosis v normal

D) Osteopedia v nonmal
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Table 4 Area Under Curve (AUC) of Receiver Operating Characteristics (ROC)

AUC ROC €l 95% p - value

AUC ROC 10-year prediction of MAIOR FRACTURE BMD with FN T-scare 0661 (0.583-0.739) p<0001
BMD with L1414 T-scare 0438 (0.565-0711) P00l
FRAX* toal without BMD 0693 (06220763 P00
FRAX™ toal with FN T-score 0716 (0646-0.785) p=0001
FRAX™ toal with spine L1-14 T-scare 0712 (0544-0.780) p=0001

ALIC ROC 10-year prediction of HIP FRACTURE BMD with FN T-scare 077 (0A31-0.929) p0001
BMD with L1-4 T-scare 0630 (0487-0.773) ins)
FRAX™ toal without BMD 0888 (0824-0.953) p<0001
FRAX™ tool with AN T-score 0849 (0.737-0.9632) p0001
FRAX® toal with spine L1-14 T-scare o7e7 (0ASE-0.87E) pa0001

ALIC ROC: Area Under Curve of Receiver Operating Characteristics BMD: Bore Mineral Density: FN: Femoral Neck: L1-14: Lumbar Spire: Ck Confidence Interval ne

Nat significant.

The ObsFx/ExpFx ratio was 2.4 (CI 95%; 1.9 - 3.1) for
major fracture and 2.8 (CI 95%; 1.7 - 4.6) for hip fracture
(Table 5) with the FRAX tool without BMD and 2.2 (Cl
95%; 1.7 - 28) and 2.3 (CI 95%; 1.4 - 3.8), respectively
with femoral neck T-score. Expressed in percentages, the
FRAX tool without BMD predicts 41.1% of the cases of
women with major fracture in 10 years and 46% on add-
ing the algorithm of the T-score of the femoral neck,
with these values being 355% and 42.8% for hip frac-
tures, respectively.

With respect to the analysis of the sample of the FRI-
DEX cohort we performed a goodness-of-fit test which
stratifies the results in quintiles of risk associated with
quintiles of results of fracture.

Figure 4 shows the Hosmer-Lemeshow test for major
fracture, with the cases of the sample distributed into
quintiles and the line of regression for the results of the
FRAX tool without BMD and with the FN T-score. The
lower part of the figure represents the same results after
calibration (simulation) by the number of times that the
ObsFx is greater than the ExpFx (Table 5). Figure 5
shows the results for hip fracture in the same way.

Discussion

According to the comparative analysis of the baseline
characteristics between the participants and the non par-
ticipants for any reason we found that the non partici-
pants did not differ from the participants except in that

ROC Curva ROC Curve ROC Curva
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Figure 2 AUC ROC of FRAX tool for major fracture in FRIDEX cohort.
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they were one year older and more patients were on
glucocorticoids. Thus, the participants in the study did
not present worst conditions of the cohort.

Self-reported generally even structured interview have
a significant correlation with those in the medical rec-
ord. In any case always been found documented as
explained. In all cases of fracture the medical records of
the patients were reviewed and, when necessary, we
requested a medical report for its validation. All cases of
fracture that could not be verified or those arising from
a motor vehicle acddent or major trauma were excluded
from analysis, fractures in the history of the subjects
under study. A potential limitation of self-reported
fractures is in vertebral fractures. In our study the total
self-reported fractures were 16% higher than they were
registered and so were excluded from the final analysis.
It can be an advantage for risk predictions proposed by
FRAX.

The present study is centered on the discriminatory
and predictive capacity of the FRAX. Analysis of the
AUC-ROC was used to analyse the discriminatory
capacity of this tool. As shown in (Table 4) the results of
the FRAX without DXA values were greater than the

AUC-ROC of BMD with values of the T-score of the
femoral neck. Thus, these results demonstrate that the
FRAX without the determination of BMD presents a dis-
criminatory capacity not inferior to and even somewhat
better than the DXA, according to the AUC-ROC.
Analysis of the BMD with the DXA technique for the
axial skeleton has traditionally been considered as the
best predictive test known to determine fragility fractures
[9,26,36] with the strategy of intervention for their
prevention in medical practice having been based on this
test in Spain [35] and in the remainder of the inter-
national scientific community until the appearance of the
importance of other risk factors for fracture [27-33].

On analysing the role of the determination of BMD of
L1-14 in the different tests, it was found that the dis-
criminatory capacity for major fracture using the AUC-
ROC was lower than that of the determination of BMD
with the T-score of the femoral neck, although statistical
significance was maintained (Table 4). This inferiority
was maintained for hip fracture but with no significant
differences since the confidence interval integrates the
value 050 which is the value of statistical significance
for this test. Part of the debate on the paossible

Table 5 Ratio of Observed fractures/Expected fractures by FRAX tool

MAJOR FRACTURES HIP FRACTURES

ObsFx  ExpFx  Ratio Fx Obs/Exp €l 95% ObsFx  Exp Fx  Ratio Fx Obs/Exp C195%

FRAX without BMD &5 67 24 {19-3.1) 17 60 I8 (17- 48)
FRAX with FN T-score 65 299 22 (1.7 - 28) 17 73 3 (14-38)

MAJOR FRAC TURES (hip, vertebra, humenss, wrist). P Fracture.
ObsFx: Observed fractures; ExpFac Expected fracures O Confidence interval;
BMD: Bone Mineral Density; FM: Femoral Nedk
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weaknesses of the FRAX has been centered on the lack
of the BMD values of the lumbar spine in its algorithm.
This criticism is based on the traditional consideration
that the BMD of each area presents the best predictive
capacity for fractures in the same area, espedally for the
vertebrae and the hip [36] and, thus, it has been argued
that the prediction of vertebral fractures could be
improved. The discriminatory capacity measured with
the AUC-ROC worsened with the incorporation of the
L1-L4 T-score in the algorithm of the FRAX for major
or hip fractures (Table 4). This result is congruent, but
on introducing the L1-14 T-score value in the FRAX (asa
simulation) to analyse what would happen with vertebral
fracture, the result of the AUC-ROC for vertebral fracture
worsened slightly with respect to that obtained with the
FN T-score, although without significant differences
Thus, on introducing the values of the L1-L4 T-score in
the FRAX in this study the result did not provide an
improvement in the discrimination of vertebral fractures
measured with the AUC-ROC. Although it has described
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that a comection can adapt the lumbar spine BMD and
improve the prediction for major and vertebral fractures
aof FRAX [31] in our study by incorporating the lumbar
spine BMD did not improve the discriminative ability of
FRAX measured by AUC with femoral neck BMD neither
for major or vertebral fracture (data not showed).

The adjusted predictive capacity of the FRAX analysed
using the ObsFx/ExpFx ratio was far from the 1 value
which would be the desired result in the case of good
adjustment of the predictive capacity of the FRAX in
our country. In our cohort this ratio was of 2.4 for major
fracture and 2.8 for hip fracture. These values improved
minimally on the introduction of the T-score of the femaral
neck in the algorithm (2.2 and 2.3 respectively). Indeed, the
FRAX predicted the risk of major fracture in 41.1% of the
women and 355% for hip fracture without BMD, with
these values improving only slightly with 46% and 42.8%,
respectively on performing the BMD with DXA

These data seem to coincide with the analysis recently
carried out in two cohorts of French women with a

BMD: Body Mass Density.
FN: Femoral Neck
Figure 4 Hosmer-Lemeshow test. FRAX toal for Major Fracture,
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similar overall discriminatory value for fracture and low
overall sensitivity (48-50% for FRAX predictions) and better
than BMD alone [33,37]. In Spain our group previously
demonstrated that the FRAX has good capacity to detect
densitometric osteoparosis but also with imbalance in the
predictive capacity [38-40]. Nonetheless, a two recent
studies in Spain had shown similar results to ours for major
fractures with an ObsFx/ExpFx ratio of 3.1 (C1 95%: 28-
35) and 0.8 (C1 95%: 0.7-1.1) for hip fracture [41]. Although
the initial formation of the two cohorts followed very
similar schemes, the method of follow up in our study was
notably different. In the present study we only analysed
fragility fractures reported by the women, which could be
contrasted with electronic record or clinical reports. In the
second study the results of ratio ObsFx/ExpFx were 0.66
and 1.10 for major and hip fracture respectively [34]. The
most important methodological differences were that the
study was carry out for a three years period, the authors do
not induded vertebral fractures [34].

The ROC curve has several problems. For analysis of
sensitivity and specificity we have not a gold standard of

FRAX for Spanish population. Moreover, ROC needs a
gold standard of illness (fracture) and we do not have
because of the electronic records are not completely
reliable and we needed to make a double check (self-
reported validate against records). On the other hand, the
area under the ROC curve is important, since it measures
the discrimination power of the model. Nevertheless, tests
of discrimination alone are not sufficient for model evalu-
ation, since they do not indicate whether calibration is
also good [34,35,42].

In our study, on application of the Hosmer-Lemeshow
test a good correlation was observed between the differ-
ent quintiles of risk in all the simulation (Figures 4, 5)
but with a line which groups the results of the regression
deviated from the reference toward the values observed
This circumstance led us to carry out a calibration
multiplying each of the values resulting from the predic-
tion made by the FRAX by a constant based on the
ObsFx/ExpFx ratio for major fracture and for hip frac-
ture. As shown in the lower part (calibration) of Figures 4
and 5, on multiplication of the results of the FRAX by
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the ObsFx/ExpFx ratics, the results with their C1 95%
adjust perfectly to the diagonal of reference in the
Hosmer-Lemeshow test.

The FRAX toal can therefore be considered to present
with a poor discriminatory capacity for women to have
major osteoporotic fractures within 10 years, with this
capacity being good for hip fractures without the need of
determining the BMD, although this improves somewhat
with its determination. The FRAX tool shows a scarce
predictive capacity of the risk of fracture and predicts less
than 50% of those which occur. The reason for this under-
diagnosis may be because the Spanish cohort introduced
as the reference in the FRAX tool is not representative of
the current female population since these women present
significantly more fractures than those actually predicted
by the FRAX tool.

We have excluded from the analysis of the cohort of
women receiving active treatment for the bone at
baseline of the study because of the FRAX has so
defined, but we have not been excduded women who
received treatment during the 10-year period. This can
be a potential confounding factor, however exclude
women would mean removing the greatest potential for
fracture, but keep going who have received treatment
can be reduced the all risk of new fractures observed
(Other potential confounding factor can be the Calcium/
Vit D supplement intake because we have not excluded
at baseline or during the study period There is import-
ant discussion in the literature about the role of these
supplements in reducing the risk of fracture, except in a
subgroup of patients taking bone active drmugs for the
potential hypocalcasmia or in patients admitted to nursing
homes. These patients are not included in this study.
Moreover there is no significant difference between
Calcum/Vit D supplement intake between participants
and no participants.

New epidemiological studies are needed in our country
to compare these results on major and other fragility
fractures which, although not severe, also affect the
quality of life [43]. However, together with other authors
in our country [6,10,34,38-41] we believe that there are
sufficient data to promote the habit of investigating the
risk factors of fragility fracture among Spanish physi-
cians, especially in primary care, to determine the abso-
lute risk and be able to propose changes in lifestyle in
persons with a high risk as well as evaluate which
patients should be referred for determination of the
BMD by DXA [3B]. In our opinion, the current state of
the FRAX needs some adjustments such as those
proposed in this study. Something similar to this need
for adaptation and adjustments happened in Spain with
the application of the first Framingham-type cardiovascular
risk scales which required adaptations such as the
REGICOR scale and others in our country [44-46].
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We know that the promoters of the FRAX are committed
to the adaptation of the tool to the different countries with
the publication of new studies such as what has been done
up to now. We also consider that with improvements this
may be a very useful tool especially in the first level of care
and this has been demonstrated by the important extension
in its use worldwide [28,35].

Conclusions

In summary, FRAX without BMD demonstrates a poor
discriminative capacity for major fractures and a good
discriminative capacity for hip fractures with the AUC
ROC for Spanish women but its predictive capacity does
not adjust well with the current algorithm leading to
underdiagnosis for major fracture and hip fractures. On
introducing the values of the L1-L4 T-score in the FRAX
tool, the result did not provide an improvement in the
discrimination of vertebral fractures measured with the
AUC-ROC. Simple models based on age or BMD alone
predicted 10-year risk of major and hip osteoporotic
fractures, as well as more complex FRAX models.

We advise our Spanish colleagues to use the FRAX
tool in clinical practice but weighing the resulting value
of each individual case of the FRAX without BMD by a
calibration value to obtain an absolute risk value of
major o hip fracture at 10 years. New studies may allow
a single value which is easier to remember in dinical
practice, The result obtained will be more adjusted to
the reality of the risk of fragility fracture in our country
according to the results found in the present and other
studies [34,38,41].

Study limitations and strengths

Our study has some strengths and limitations. We
assumed that women in the FRIDEX cohort could have
a higher risk of osteoporotic fractures than the general
population because it is a population that had previously
been selected to undergo a DXA scan for some reason.
However it is important to know the profile of women
who are selected to perform the DXA-scan by general
practitioners and other specialists as may higher but
cose to the general population over 50 years. Fractures
occurring in the participants were followed by an ad-hoc
TQ taking into account the traditional low response
rates by post in previous epidemiological studies conducted
in Spanish population [36]. However, all fractures included
were verified against patient records.

Other potential confounders and biases are that we
excluded those who died during the follow-up, the collec-
tion of incident fractures is captured in retrospect, the
validation records was only for patients with fractures
and, as well, usually the electronic registers of fracture
tends to be less records than actually occur. To minimize
these potential biases we have verified all self-reported
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fractures and not included in the study which did not
fulfill both (self-reported and recorded). Therefore, this
type of analysis tends to benefit the predicted fractures in
the ratio ObsFx/ExpFx.

We are aware that the authors of the FRAX tool apply
only the DXA value of the femoral neck because of the
absence of improvement in the prediction of major fracture
risk with the use of the lumbar spine T-score. This has been
one of the main criticisms related to the FRAX tool.

As strengths of the study, 4 investigators were involved
in the operating systems to verify the calculations of the
values of FRAX and all hip fractures included in the ana-
lysis were contrasted The FRIDEX study is a prospective
population-based cohort study, being one of the first
studies to follow Spanish women over a 10-year period
to determine the incidence of fragility fractures.
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Annexe 3: Creacié del model FRIDEX. Determinacio i proposta dels

llindars FRIDEX per la prevencid primaria de fractures per fragilitat

Azagra R, Roca G, Martin-Sanchez JC, Casado, E, Encabo G, Zwart M,
et al. Umbrales de FRAX® para identificar personas con alto o bajo
riesgo de fractura osteoporoética en poblacion femenina espanola. Med
Clin (Barc). 2015;144(1):1-8.
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Annexe 4. Diagrama de flux per determinar el risc de fractura

osteoporotica en la poblacié femenina espanyola basat en els

llindars FRIDEX de I’algoritme FRAX

Modificat amb permis d'Azagra et al. Med Clin (Barc). 2015;144(1):1-8.

http://dx.doi.org/10.1016/j.medcli.2013.11.014

FRAX (sense DMO)

per “Fraviura axteaporilican principal™

=51<75
Rise mtermig.

.

Recaleular FRAN amb T-score de CF

| FRAX (amh DMO) <7,5 | | FRAX (amh DM(Y) =75 |

v
Promoure estil X
de vida saludable XA sense OF XA amb OP

l hd

Recalcular el risc de fractura amb FRAX

Risc alt
segons edat 1 nous factors de nisc Consid fi

o
‘L_I;

(*) Sense fractures

v

(**) Antecedent de fractura de maluc o

vertebral o altres 2 fractures osteopomitiques)

FRAX®: Absolute risk of risk fracture: hitpyfwww.shefac.ul/FRAX tool jspllang=sp; “Fractura osteoporotica principal” inclou cadera, columna vertebral, hamer i canell.

- DMD: Densitat mineral dssia,
- DXA: Densitometria axial per absorcid dual de Ax,
- CF: Coll femoral.

OP: Osteoporosi densitombtrica amb T-score < -2.5 S0 (WHO 1994), almenys a una de les seglients 3 regions de la DXA: L1-L4, fémur total o CF (ISCD 2007).

{"): Opcid cost-efectiva sl no hi ha antecedent de fractura o una fractura que no sigui de cadera o de columna vertebral {clinica).
- {**):Tenint en comple consideracions d'altres associacions internacionals (CARGC 2010).
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10.5. Annexe 5: Llistat alfabétic d’abreviatures

AUC
BMD
CAROC
DE
DMO
DXA

FN
FRAX®
FRIDEX
GPC

IC 95%
95% CI
IMC
MAO
Obs/Exp
OMS
ROC

Area Under the Curve

Bone Mineral Density

Canadian Association of Radiologists and Osteoporosis Canada
Desviacions estandars

Densitat Mineral Ossia

Dual-energy X-ray Absorptiometry

Femoral Neck

Fracture Risk Assessment

Factors de Rlsc de fractura i DEnsitometria dual de raigs X
Guies de Practica Clinica

Interval de Confianca 95%

95% Confidence Interval

index de Massa Corporal

Medicaments AntiOsteoporotics

Observada/Estimada

Organitzacié Mundial de la Salut

Receiver-Operating Characteristic
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