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ABSTRACT

The threshold for pharmacological
intervention for osteoporosis remains
controversial. Tools predicting the fu-
ture risk of new fractures are increas-
ingly used to establish a convenient
individual risk/benefit ratio for a long
term treatment. FRAX® is likely to be-
come the most widely used tool for as-
sessing fracture risk also for the WHO
endorsement. The inevitable limitations
will not hamper its value. As for any
tool like this a continuous process of
validation and further development is
highly warranted. The predictive and
clinical value of FRAX® has to be tested
in individual countries by exploring
also the inclusion of additional specific
relatively uncommon risk factors.

The DeFRA project is intended to vali-
date in a large cohort of postmenopau-
sal women a new algorithm derived
from FRAX®. Both, the coefficients of
continuous variable and the gradients
for clinical risk factors should not be
considered as conclusive for the rou-
tine clinical use. The new tool will be
offered for the routine clinical use only
at the completion of the DeFRA project,
requiring the prospective collection of
at least 60.000 patient-years. Here we
report the rational and the design of
the project.

Introduction

The number of fragility fractures has
been continuously increasing in west-
ern countries and a further increase in
numbers is anticipated within the next
few years due to the rising ageing of
the population (1).

Population interventions are recommend-
ed only to tackle extremely frequent
risk factors, such as vitamin D defi-
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ciency in the elderly (2), or when the
recommendations are of general health
benefit, such as giving-up smoking,
moderate physical activity, and a cal-
cium rich diet. A case-finding approach
for a pharmacological treatment ap-
pears to be obligatory, at least with the
available drugs. This problem has been
approached by the health authorities of
some countries, like Italy and France,
by granting drug reimbursement only
for patients with a higher risk of frac-
tures. Patients with prevalent vertebral
and hip fracture and/or with very low
levels of bone mineral density (BMD)
were deemed to be at an adequately
high risk. In countries where drug reim-
bursability is not regulated and all reg-
istered drugs are automatically reim-
bursed, the threshold for pharmacologi-
cal intervention is often recommended
by scientific societies on the basis of
low BMD values. Thus, for example,
the North-America Osteoporosis Foun-
dation (NOF) recommended initiating
therapy in patients with a T-score of
-2.5 or lower in the lumbar vertebrae,
hip, or distal one third radius (3).
However, it was soon realised that low
BMD was only modulating the effect of
other relevant risk factors such as age,
previous fracture and corticosteroid
therapy. By analysing data from large
epidemiological studies or their meta-
analysis it was found that the combina-
tion of several risk factors could sub-
stantially enhance fracture predictabil-
ity, allowing the development of tools
to predict the future risk of fracture in
postmenopausal women.

Most of the earlier tools were based
on the analysis of single database such
as the SOF (4) the Rotterdam (5), the
DUBBO (6) and the WHI studies (7)
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or on a Canadian cohort (8). It was also
found to be more convenient to express
the risk over a given lag time (typically
5 or 10 years) rather than in terms of
relative risk.

On February 21, 2008, the World
Health Organisation (WHO) unveiled
the Fracture Risk Assessment Tool
(FRAX®) to calculate the percent 10-
year probability of a patient sustaining
a fracture (10YFR) of the hip or other
bones (9-12). The databases used in-
cluded 59,232 subjects, 249,898 per-
son-years, 957 hip fractures, and 3,495
osteoporotic fractures. Due to the size
of the study population and also to the
WHO endorsement, FRAX® is likely to
become the reference tool for assessing
fracture risk in most countries. The first
national organisation endorsing FRAX®
was the NOF (13) that revised its guide-
lines for the management of patients
with osteopenia in the United States
and recommended initiating therapy in
patients with osteopenia if the 10-year
probability of sustaining a hip or other
major osteoporotic fractures equaled
or exceeded 3% and 20%, respectively
(14). The NOF recommendations to
initiate therapy in patients with osteo-
porosis (i.e. with evidence of a fragility
fracture or a T-score of -2.5 or lower in
the lumbar vertebrae, hips, or distal one
third radius) have not changed.

Risk factors included in the

FRAX® model

At present the FRAX® permutation is

specific for a number of countries (9)

and it is achieved by simply multiply-

ing the risk of the reference population
by a fixed factor. Thus, for example, the
permutation of the risk for the Italian
population is 35% lower than that of

Swedish women for any level of risk.

When calculating the 10YFR for both

sexes, the FRAX® tool takes 3 continu-

ous variables and 7 categorical risk fac-
tors into consideration. The continuous
variables are:

1. Age: between 40 and 90.

2. Body mass index (body weight di-
vided by square height)

3. BMD: Only hip measurements are
considered, but the 10YFR can be
calculated without including the
BMD in the permutation.
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Table I. Approximate gradients associated with each clinical risk factor (CRF) in FRAX®.
The 10-year fracture risk derived from the computation of the 3 continuous variables is
multiplied by the specific gradient whenever the CRF occurs. The gradient apparently does

not change when multiple CRF are present.

FRAX® Risk gradients
(with BMD)

FRAX® Risk gradients
(without BMD)

Hip fracture

Multiple fractures

Hip fracture Multiple fractures

Previous fractures 1.55
Family history 2.12
Smoking 1.63
Glucocorticoid therapy 1.80
Rheumatoid arthritis 142
Secondary osteoporosis 1

Alcohol >3 units/day 1.50

1.50 2.1 2
1.64 2.1 1.7
1.15 1.4 1.15
1.58 2.1 1.7
1.28 1.7 14
1 1.7 1.4
1.25 14 1.2

These 3 variables are strongly inter-cor-
related and give rise to an algorithm that
is not disclosed on the FRAX® web site,
but that can be roughly derived from the
tables published in the WHO Technical
report (9) and in several publications

(10-12). The value of this algorithm

with the 3 continuous variables (age,

BMD and BMI) cannot be compared

with data published in the literature but

it requires a prospective validation.

The FRAX® includes also 7 clinical

dichotomous risk factors (clinical risk

factors or CRFs):

1. History of fragility fractures (yes/
no answer): A fragility fracture is a
fracture sustained after falling from a
height not exceeding the body height
or occurring after minimal or no
trauma. The answer should be yes if
the patient has sustained any fragility
fractures;

2. Parental history of hip fractures
(yes/no answer): The answer should
be yes if a blood parent has sustained
a hip fracture;

3. Current corticosteroid therapy (yes/
no answer): The intake of corticos-
teroids is ranked as yes if the patient
has been on prednisone or its equiv-
alent, at least 5 mg daily for at least
3 months;

4. Rheumatoid arthritis;

5. Current cigarette smoking (yes/no
answer);

6. Current alcohol abuse: 3 or more units
of alcohol a day (yes/no answer);

7. Conditions leading to bone demineral-
isation (yes/no answer): The following
are included in the FRAX® model:
insulin dependent diabetes mellitus,
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menopause before the age of 45 years,
hypogonadism, chronic malnutrition,
malabsorption, chronic liver disease,
and untreated long-standing hyperthy-
roidism.
The risk gradients attributed to the CRFs
by FRAX® were roughly extrapolated
from a few simulated cases of FRAX®,
and are listed in Table I.

Major advantages of the FRAX® tool
Until the FRAX® tool became available,
the only guidelines existing to deter-
mine whether or not a patient should be
treated relied heavily on the patient’s T-
score for BMD or the presence of a ver-
tebral fracture. This, however, meant
over-treating many relatively young
women with low BMD but at low risk
of fracture. When the decision to start
treatment is taken, this is expected to be
extended over several years, and it can
be predicted that the long-term medica-
tion could potentially outweigh the pos-
sible benefits of the therapy if the risk
is not adequately estimated. In many
countries for economic restrains the
drug reimbursement policy is based on
stringent pharmaco-economic analysis
(see for example in the UK the NICE,
http://www.nice.org.uk/), that might be
appropriately processed by making use
of tools like FRAX®.

Treatment compliance with osteoporo-
sis treatment is typically rather low and
this is often due to lack of motivation.
In addition, the interpretation of the
DXA results varies among different
densitometric centres and this is often
perceived by other specialists as a sign
of poor clinical and scientific evidence!
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From this point of view the main advan-
tage of the FRAX® tool is that it pro-
vides objective and reproducible docu-
mentation of the severity and potential
impact of the disease. In addition, by
using the FRAX® tool, only those at a
substantially increased risk of fracture
will be further investigated and treated.
The patients and their treating clinicians
are more likely to appreciate the impact
of the disease if they know the prob-
ability of sustaining, for instance, a hip
fracture as opposed to a relative risk.

In conclusion, the broad diffusion of
FRAX® or similar tools might be of
great help to improve the way osteo-
porosis management will be perceived
by patients, caregivers, and health care
providers.

Limitations of the FRAX® tool
Although the FRAX® tool represents a
major step forward in the management
of osteoporosis, it has significant limi-
tations which may undermine its use-
fulness:

1. The 10-YFR can be calculated with-
out including the BMD evaluation
even though the predictability of
risk factors for low BMD is rather
poor (15) and mostly driven by body
weight. To establish the treatment
threshold the FRAX® without BMD
evaluation might be considered ac-
ceptable in countries where dual
x-ray absorptiometry (DXA) scans
are not readily available. However,
in such countries even the treatment
of patients with established or severe
osteoporosis is often a remarkable
achievement! Furthermore, the Hip
Intervention Program (HIP) study on
risedronate has eloquently shown that
the fracture risk is not significantly
reduced when patients are treated
merely based on the presence of risk
factors (16). Thus, in countries where
DXA scans are available the FRAX®
without BMD should be used only
for more convenient selection of pa-
tients in whom a DXA evaluation is
warranted (17) while its use for se-
lecting patients for treatment should
not be recommended.

2. Spine BMD or quantitative ultra-
sound (US) assessments are not in-
cluded in the FRAX® permutation,

since the algorithm was established
only on the hip BMD values. How-
ever, in some conditions hip BMD
cannot be obtained or only US de-
vices are available. In these cases
permutation algorithms allowing the
use also of spine BMD or US values
would be warranted.

. Parental history of hip fractures ap-

pears to be intuitively associated
with the life spans of the relatives
since the risk of hip fracture rises
exponentially with ageing. This lim-
itation is tapered by the theoretical
longer, genetically determined, life
expectancy, which, paradoxically is
a risk factor for hip fracture!

. The risk associated with previous

fractures raises a number of prob-
lems. With FRAX® the answer
should be either yes or no, but it is
not clear weather silent mild mor-
phometric vertebral compression
fracture (18) detected by chance by
DXA Vertebral Fracture Assessment
or by an x-ray, should be included.
At present, the program does not
differentiate whether the patient has
sustained several fragility fractures
or a single asymptomatic morpho-
metric vertebral fracture. It is well
known that the risk of fractures in-
creases with the number and type
of previous fractures sustained (19)
and for the presence of multiple si-
multaneous fractures (20).

. Some major risk factors for fractures

are not taken into account, such as the
risk of falling, and the use of medica-
tion likely to interfere with the state
of alertness, equilibrium, or cogni-
tive functions. These risk factors are
only partially encompassed by age.

. Rheumatoid arthritis is considered

by FRAX® as an important risk fac-
tor. Other similar conditions are not
considered, not because they are un-
harmful for the skeleton but rather
because they are not sufficiently fre-
quent to be detected as a risk factors
in epidemiological studies. Thus,
the lack of permutation with other
similar diseases (psoriatric arthritis)
or less common rheumatic diseases
(spondyloarthritis, Lupus, systemic
sclerosis) is an objective limitation
of the tool that should be avoided by

563

REVIEW

an approximation based on common
sense, for example, by attributing
the same risk gradient to these con-
ditions.

7. Corticosteroid therapy is possibly
one the most prominent fracture risk.
FRAX® does not differentiate the
risk according to the dose and the
duration of treatment. Larger doses
and longer duration should have
more weight than a smaller dose
for a shorter duration. Similarly, if
the patient has been on one or more
courses of corticosteroids in the past
is not taken into account. The attrib-
uted gradient risk by FRAX® is con-
siderably lower (at least 50% lower)
than that found in the few available
studies or in the placebo harm of ran-
domised clinical trials (21).

8. The database used for FRAX® devel-
opment is rather large, but inevitably a
number of risk factors are overlooked,
not because they are unimportant, but
simply because they are rare. In addi-
tion to some rheumatic diseases (see
point 6) other risk factors definitely
associated with increased fracture risk
include the use of a number of drugs
(heparin, anti-retroviral agents), his-
tory of some diseases associated with
even transient immobilisation or poor
nutrition. In addition, it seems logical
to think that the nature or strength of
risk factors for fracture may vary ac-
cording to the women’s age and /or
the type of fracture. For example,
parity and previous hormone replace-
ment therapy is more likely to affect
the risk of fracture early after meno-
pause, but not at a more advanced age
(22).

9. The FRAX® tool is potentially a proc-
ess in evolution, but it is not clear
who is committed to this. The disclo-
sure of the algorithm would allow
the large scale planning of a process
of validation and further develop-
ment, with the possible inclusion of
new risk factors.

In conclusion, the recent availability of

FRAX®, with the additional value as-

sociated with the WHO endorsement,

is in many countries likely to consid-
erably alter the way in which patients
who are candidates for pharmacologi-
cal treatment for osteoporosis are iden-
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tified. Indeed, for the first time it is pos-
sible to obtain a value, the 10YFR, that
can be used also by health authorities
to work out a cost-benefits analysis.
The validation process is critically im-
portant for any tool of this kind and the
validation should be both universal and
country (or ethnic group) specific.

The lack of flexibility remains a criti-
cal limitation of FRAX®. A flexible
tool should allow the adjustment of
risk gradients or even the inclusion of
new risk factors, agreed with the local
health authorities. In addition the vali-
dation process is critically important
for any tool of this kind and the valida-
tion should be both universal and coun-
try (or ethnic) specific. The disclosure
of the algorithm remains the prelimi-
nary step to encourage people to start
the process of validation and further
development of FRAX® locally. Al-
ternatively, all major research centres
will continue to elaborate their own al-
gorithm with an inevitable huge loss of
resources and opportunities.

Validation and evolution of

FRAX®: the DeFRA project

FRAX® is a trade mark and the structure
of the algorithm is not disclosed and this
hampers the validation and the further
development of the tool. However, in or-
der to commence its validation, the steer-
ing committee of the Italian osteoporo-
sis guidelines consented to temporarily
rely on the rough approximation of the
FRAX® algorithm (derived FRAX® or
DeFRA) thanks to the processing of the
many examples published in the WHO
Technical Report (9-12). This led to the
development of the algorithms reported
below (Table IT and III) derived from the
continuous variables (age, BMD T-score
and BMI). The independent variable
was set as the logarithm of the I0YRF
rather than the natural number in order
to obtain only positive results of the es-
timated risk. We compared the results
obtained by using the DeFRA functions
with those obtained by FRAX® and the
Garavan fracture risk predicting tool
(6) also freely available on line (http://
www.garvan.org.au/bone-fracture-risk)
in 50 simulated cases without CRFs.
The Defra results were almost super-
imposable to those obtained by FRAX®
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but approximately 20 and 50% lower
than those obtained by the Garavan tool,
while keeping fixed the BMI values (re-
sults not shown).

These algorithms cannot be compared
or tested again other similar tools or
studies and the only realistic approach is
to make the best possible use of it, while
waiting for a prospective validation.

In the process of validation by the De-
FRA project, it appears useful to make
use, in addition to hip BMD, also of
spine BMD and quantitative ultrasound.
In Table III are reported the permutation
algorithms that are used when the only
bone measurements available are spine
BMD (spine BMD T score; data from
Adami et al., in preparation) or phalan-
geal ultrasonography as assessed by
the DBM Sonic 1200 machine (QUST
score; IGEA, Carpi, Italy) (23).

The risk gradients attributed to the
CRFs adopted by FRAX® appear to
be occasionally somewhat inconsistent
with data derived from some important
epidemiological studies including also
Southern European populations (see
“Limitations of the FRAX® tool”). A
reasonable approach appears to be a
re-setting of all gradients and the inclu-
sion of other important risk factors in
order to be in the best condition for a
validation and further development of
the predicting tool (Table IV).

Thus, the gradients were re-assessed by
analysing data from large epidemiolog-
ical studies and from meta-analysis.
The risk factors for fragility fractures
are quite numerous. In a recent review
of 170 studies 80 factors were identi-
fied. However, in most cases the asso-
ciation was rather weak and the relative
risk was greater than 2 in only 15% of
the risks (12, 24). Some risk factors
are associated only with a reduction
in BMD values. Other risk factors are
partially or totally BMD independent.
Only the latter will be properly ana-
lysed for the DeFRA tool which does
obligatory include the BMD evaluation
in the algorithm.

For most CRFs the risk gradient may
vary according to the type of fracture.
The risk of falling or extra-skeletal risk
factors thus play a role in many ap-
pendicular fractures while they are of
little importance for vertebral fractures
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(12,25). However, for both FRAX®
and DeFRA, so called multiple clini-
cal fractures encompass both clinical
vertebral fractures and appendicular
fractures.

Gradients for clinical risk factors
suggested for the DeFRA project
Previous fragility fractures

After the age of 40, the history of a
previous fracture is one of the strong-
est CRF for new incident fractures. (4,
19,26-31). The mean RR is 2.2, but the
value depends on age and on the site
and number of previous fractures (19,
30, 32). Thus, for example, the risk of
new vertebral fractures rises from 5-fold
to 15-fold as compared to age matched
women by increasing the number of
prevalent vertebral deformities from
one to 3-4 (33). The risk is mostly
BMD independent and in general the
adjustment for BMD values decreases
the risk by only 10-20% (26, 34).

In conclusion, previous fractures, ap-
parently of any kind, are associated in
the FRAX® with a 50% increased risk
of hip or multiple fractures. This ap-
pears to be somewhat underestimated
even for BMD-adjusted values, partic-
ularly for patients with previous hip or
multiple vertebral fractures.

Family history of fracture

A parental history of fracture (particu-
larly a family history of hip fracture)
confers an increased risk of fracture
that is independent of BMD (35).

In an analysis of ten prospective co-
horts (35), a family history of hip frac-
ture in parents was associated with a
significant risk both of all osteoporotic
fractures (RR 1.54; 95CI=1.25-1.88)
and of hip fracture (RR=2.27; 95%
CI=1.47-3.49); the risk did not sig-
nificantly change when adjusted for
BMD.

A parental history of any fracture was
associated with a modest but signifi-
cantly increased risk of any osteoporot-
ic fracture (RR=1.18, 95% CI=1.06—
1.31), and of hip fracture (RR=1.49,
95% CI=1.17-1.89) (35). A recent re-
view (36) found that a maternal history
of any fracture was associated with an
increased risk of any fracture (RR up to
1.3) and hip fracture (RR up to 1.7); a
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Table II. Algorithm for the estimation of Ln (natural logarithm) of the 10 year risk (10YR)
of either hip or multiple major fractures (as defined by FRAX®) as worked out from the
tables published in the WHO technical report.

[n 10YR hip fracture = 0.121 age -0.000455 age?-1.512 Tscore -0.162 Tscore? -0.0045 Tscore? -7.538

in 10 YR of multiple major fractures = (-0.001 age® /1000) +0.050 age-0.246 Tscore+0.032 Tscore?
+0.003 Tscore® +0.012 BMI -1.75

T-score: BMD T score at either the femoral neck or the total hip as assessed by Dual x-ray absortiom-
etry (DXA).

Table III. Algorithms used for the permutation of the spine BMD and QUST score to
T-score at the hip.

Hip BMD T score = 0.429 spine BMD T score — 0.016 Age +0.152

Hip BMD T score = 0.120 QUSTscore + 0.107 BMI - 0.030 Age -2.565

Table IV. Gradients associated with each clinical risk factor (CRF) for the DeFRA project.

DeFRA Risk gradients Hip fracture Multiple clinical
fractures
Family history of hip fracture! 1.6 1.2
Corticosteroid use: >5 mg prednisone equivalents > 2.5 2.5
Corticosteroid use: <5mg >2.5 mg prednisone equivalents? 1.8 1.6
One previous vertebral o hip fracture? 22 22
More than 1 previous hip or vertebral fracture? 4.0 4.0
Previous non-traumatic non-hip non-vertebral fracture’ 14 14
Alcohol (>3 units /day)* 1.5 12
Smoking <10 cigarettes /day’ 1.2 1.0
Smoking >10 cigarettes /day> 19 1.5
Rheumatoid and psoriatic arthritis, ankylosing spondyloarthritis, 1.3 1.2

any connective tissue diseases.

"Parental history of hip fractures (yes/no answer). >Applicable to patients on corticosteroid therapy
for more than 3 months. Prior treatment courses are not considered. *A fragility fracture is a fracture
sustained after falling from a height not exceeding the body height or occurring after minimal or no
trauma. Morphometric (even asymptomatic) moderate or severe (Genant- method) vertebral fractures
are also included. “Currently drinking 3 or more units of alcohol. A unit of alcohol is defined as a 285
mL glass of beer, a 120 mL glass of wine, a 60 mL measure of aperitif, or a 30 mL measure of spirit.
SCurrent smoking only: previous smoking is not considered.
If pharmacological treatment for postmenopausal osteoporosis is or has been implemented, the esti-
mated risk should be lowered by 30%.
Limits for the use of DeFRA:
e Only postmenopausal women.
e Age less than 90 years of age.
* Absence of the following conditions known to increase fracture risk:

o Malabsorption syndromes o chronic malnutrition;
Any type of advanced malignancy;
Type 1 diabetes or Type 2 diabetes poorly controlled;
Renal insufficiency (Serum creatinine >2 mg/dl);
Primary hyperparathyroidism;
Severe liver dysfunction;
Osteogenesis imperfecta or juvenile idiopathic osteoporosis iatrogenic hyperthyroidism.

© O 0 o0 o ©

stronger association was observed for a
maternal history of hip fracture (RR up
to 1.5 for any fracture and RR up to 2.0
for hip fracture).

In conclusion, the gradient risk attrib-
uted by FRAX®to family history of any
kind of fragility fracture is 1.6 and 2.1
for multiple, clinical and hip fracture,
respectively. This gradient is somewhat

higher than that found in many epide-
miological studies, and might have
been driven by the higher incidence of
hip fracture in elderly northern cohorts
as compared to that typical of southern
European populations. Genetically de-
termined life expectancy also plays an
important role particularly for hip frac-
tures.
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Smoking

Smoking is a risk factor for fractures,
and in particular for hip fracture, in
part due to its negative effects on BMD
and BMI. However, smoking increases
fracture risk even independently of age,
BMD and BMI (37). In most studies,
the relative risk decreases with time
since smoking cessation (38), a finding
consistent with the reversibility of its
detrimental effect on the skeleton.

In a meta-analysis including 50 cohort,
case-controlled, and cross-sectional
studies on 512,399 subjects, fracture
risk was significantly increased in
current smokers for all fracture types
combined (pooled relative risk 1.26,
95% CI 1.12-1.42) and for hip (1.39,
95% CI 1.23-1.58) and spine fractures
(1.76, 95% CI 1.10-2.82), but not for
wrist fractures (0.86, 95% CI 0.46—
1.60) (37). In a subsequent analysis of
59,232 men and women (74% female)
from ten prospective cohorts followed
for a total of 250,000 person-years
(37), current smoking was associated
with a significantly increased risk of
any fracture compared to non-smokers
(RR=1.13; 95% CI 1.01-1.25 after ad-
justment for age and BMD) and espe-
cially for hip fracture (RR=1.60; 95%
CI=1.27-2.02). In general the RR for
hip fractures is higher (by 10 to 40%)
than the RR for any fracture.

In most cases, the studies reporting on
the daily amount smoked show a dose-
dependentincrease in fracture risk,even
though the RR vary considerably ac-
cording to the fracture type studied and
the dose intervals examined (number
of cigarettes per day, years smoked and
pack years) (38). For a daily smoking
dose up to 10-15 cigarettes per day,
the RR is close to 1 for all fractures,
and averages 1.2 for hip fractures. With
higher doses, the RR for all fractures is
approximately 1.5 and varies between
1.35 and 3.2 for hip fractures (38); a
reasonable estimate of RR for hip frac-
ture could be a value 25% higher than
the RR for any fracture (1.9).

In conclusion, the gradient risk attrib-
uted by FRAX® to current smoking is
close to that found in most epidemio-
logic studies. However, a dose-depend-
ency (number of cigarettes smoked)
has been reported and we suggested
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that this should be taken into account
on the common sense basis.

Alcohol

Alcoholism is widely considered as a
risk factor for osteoporotic fractures
and low bone density, with effects vary-
ing in a non linear way according to in-
take. The risk of fracture has also been
associated with extra-skeletal factors,
such as way of life and increased risk
of falling (39). Generally no significant
increase in risk is observed at daily
intakes of less than 3 units (40, 41).
Above this threshold, alcohol intake is
associated with an increased risk of any
osteoporotic fracture (RR adjusted for
BMD=1.36,95% CI 1.13-1.63), or hip
fracture (RR=1.70, 95% CI 1.20-2.42)
(40,41). However, the frequency of wo-
men reportedly consuming more than
2 units of alcohol per day is low (4%)
If alcohol intake is assessed as a con-
tinuous variable, each additional unit of
intake above 1 unit daily increases the
risk of hip fracture by 7% and the risk
of any fracture by 5% (40).

The gradient risk attributed by FRAX®
to alcohol intake (>3 units per day) in
the BMD independent model is close to
that found in most epidemiologic stud-
ies and adopted also by DeFRA.

Falls

Most fractures are the result of falls
and an increased propensity to fall is
an important BMD independent risk of
fractures (25, 42). Thus, an increased
risk of falling is an important risk fac-
tor of fracture.

The risk of falling increases with age
(43), which is included in the FRAX®
model. Living in a nursing home in-
creases the risk of falling by 2-3 fold,
but this might be due to co-morbidities
encompassed by the other risk factors
included in FRAX®.

In elderly people who experience a fall,
the risk of falling again within a year
is 2-3 times higher (44). Even when
not responsible for a fracture, a fall in
a very elderly person is associated with
loss of self-confidence and depression
which contribute to the increased risk
of falling (45).

A number of additional risk factors of
falling in the elderly have been identi-
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fied by both NOF and NICE (46-47).
These include environmental factors,
specific diseases and pharmacological
treatments. Vitamin D deficiency is an
important fully preventable risk of fall-
ing (48).

In conclusion, FRAX® does not at-
tribute any risk gradient to the propen-
sity of falling. It is likely that age en-
compasses most of the risk associated
with falls. However, the role of previ-
ous falls as an important risk of addi-
tional falls and fractures has not been
fully characterised. Thus the number of
falls per year has to be included in a
process of validation of the FRAX®.

Glucocorticoid treatment

Osteoporosis and an increased fracture
risk is one of the most serious com-
plications of oral glucocorticoid (GC)
treatment. In the last few years, some
large epidemiological studies and meta-
analyses have allowed new insights
into the role played by factors such as
the cumulative dose, the daily dose, the
treatment duration, the existence of a
threshold dose, the role of underlying
diseases, and the predictive value of
BMD. In a large retrospective cohort
study, Van Staa et al. showed that the
increased risk of fracture in patients us-
ing oral GC is more strongly related to
daily dose than to the cumulative dose
and a monotonic relationship was ob-
served between daily oral GC dose and
the risk of any fractures, without any
apparent dose threshold (48). A daily
dose lower than 2.5 mg of prednisone
equivalent was found to have no influ-
ence on the number of incident frac-
tures (49), but this might have been due
to lack of statistical power. Daily doses
between 2.5 and 5 mg increased fracture
risk by 20% (50). Hip fracture risk rose
from 1.77 at daily doses of 2.5-7.5 mg,
to 2.27 at doses of 7.5 or greater. Clini-
cal vertebral fracture risks were 2.59 for
a daily dose less than 2.5 mg, 2.59 for
2.5-7.5 mg, and 5.18 at doses =7.5 mg.
The role of age and menopausal status
is more controversial with some studies
reporting that the relative risk does not
change with age and (51) and others
underlying the strong negative effect
on the risk associated with advancing
age (52, 53).
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Particularly relevant for the develop-
ment of a fracture risk esteem is also
the observation that the risk of frac-
ture increases soon after starting GC
therapy (52) and it is significant within
the 3 months. The rapid onset of the in-
creased risk is balanced by the observa-
tion that the negative effect of GC on
fracture risk is also rapidly reversible
by treatment discontinuation and inde-
pendent of the underlying disease and
prior cumulative dose (52). The rapid
offset of skeletal effects might lower
the estimates of fracture risk when the
study sample encompasses subjects
who discontinued GC treatment (51).
Another source of fracture risk under-
estimate may be the low diagnostic
accuracy and sensitivity of the few
epidemiological studies performed so
far. By design these studies considered
only clinical fractures but only a lim-
ited proportion of spine fractures are
symptomatic or the symptoms led to
an x-ray evaluation for the conclusive
diagnosis. This may explain the sub-
stantial greater incidence observed in
the placebo groups of clinical trials, as
compared to that estimated from epide-
miological studies.

From an analysis of the placebo groups
of randomised clinical trials it was
found that GC users had considerably
higher risks of vertebral fracture at
the same levels of BMD than controls
(20, 54). The RR, particularly among
postmenopausal women and men was
higher than 3 for any BMD value.

In establishing the risk of fracture as-
sociated with GC therapy, the underly-
ing diseases for which GC treatment is
prescribed must be taken into account.
A number of these conditions, such as
rheumatoid arthritis, other inflamma-
tory arthropathies, and Crohn’s disease
increase the fracture risk independently
of GC treatment through the systemic
release of inflammatory cytokines. Oth-
er diseases for which GC are usually
prescribed, e.g. skin disorders and aller-
gies, probably do not contribute to frac-
ture risk because the systemic release of
cytokines is low (55). In the same way,
the increased risk of falling related to
GC treatment (53) and the neurological
or articular impairment of the underly-
ing disease represent a further aspect
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over and above the increased fracture
risk conferred by GC treatment per
se. In the FRAX® tool only rheuma-
toid arthritis is included as a CRF. To
estimate the fracture risk at individual
level the interplay between GC therapy
and underlying disease is complex and
must be considered while attributing a
risk gradient to some of the above men-
tioned conditions.

In conclusion the risk gradient attrib-
uted by FRAX® to GC therapy seems to
be underestimated, even taking into ac-
count that the gradient was attributed on
top of what was attributed to underlying
diseases (rheumatoid arthritis and some
of the so-called secondary osteoporosis
disorders), age and BMD values. The
lack of a gradients for GC daily doses
(prednisone equivalents) lower than
5 mg or higher than 7.510 mg also re-
quires reassessment.

Rheumatoid arthritis and

other rheumatologic diseases
Rheumatoid arthritis. Several early
studies documented an increased frac-
ture risk in subjects with rheumathoid
arthritis (RA): the RRs are 1.51 and
2.60 for hip and vertebral fractures, re-
spectively (56-58).

In the early studies the role played by
RA itself and GC therapy or functional
limitation was not analysed. The more
recent prospective cohort studies per-
formed in the general population give
more consistent information about the
relationship between RA and fragility
fractures.

In a meta-analysis based on various
prospective studies (CAMOS, DOES,
Sheffield cohort population studies)
it was shown that RA is a significant
risk factor for osteoporotic fracture
(RR=1.45) and hip fracture (RR=1.95)
(59, 60). The RR persisted after adjust-
ement for GC use and BMD (1.35 for
osteoporotic fracture and 1.46 for hip
fracture). These risk gradients are in
line with the more recent data obtained
from two prospective cohort studies, the
Rotterdam study (4157 women) and the
Longitudinal Aging Study Amsterdam
(LASA; 762 women) in which women
were followed for 6-9 years. Indeed, the
contribution of RA as a risk factor for
fracture showed coefficients for fragil-

ity OP fractures (1.3) and for hip frac-
tures (1.4) (5) similar to those obtained
by the previously mentioned meta-anal-
ysis (59-62) and subsequently included
in the FRAX® algorithm.Interestingly
patients with RA appears to be more
susceptible to bisphosphonate associ-
ated osteonecrosis of the jaw (63).
Systemic lupus erythematosus (SLE).
A high prevalence of osteoporosis in
patients with SLE has been reported
by most studies (64). Although many
cross-sectional studies found that cor-
ticosteroids are the major determinants
of low bone mass in patients who have
SLE, it has also been shown that there
is an inverse association between dis-
ease damage and BMD in SLE women
that is independent of corticosteroid use
(65).

Women with SLE are at increased risk
for fractures as compared to the general
population. In larger studies, the preva-
lence of self-reported fractures in SLE
ranges from 9.1% (66) to 12.3% (67),
and the occurrence of radiographically
identified vertebral fractures is as high
as 20% (65). In the most extensive ret-
rospective, population-based study in
702 women followed for 5951 person-
years, the odd ratio for fracture risk in
the cohort with SLE, as compared with
control women of similar age, was 4.7
(67). Variables that were significantly
associated with fracture were older age
at diagnosis, longer disease duration,
menopause and longer exposure to cor-
ticosteroids. On the other hand another
epidemiological study showed that only
age, disease duration and reduced BMD
(but not steroid exposure ) were predic-
tors of fractures in multivariate analysis
(65). Finally, a cross-sectional study
confirmed the important role of disease
duration as an essential risk factor for
fractures and showed only a limited
association between BMD status and
fractures in 304 women with SLE. In
line with prior reports (64, 67) a high
proportion of women with normal
BMD experienced vertebral and non-
vertebral fractures. Taken together all
these results indicate that, even though
GC therapy and low BMD are impor-
tant risk factors for fractures in SLE
women, the disease itself is an impor-
tant risk factor of fragility fractures.
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Ankylosing spondylitis (AS) and spon-
dyloarthropathies  (SspAs). Despite
extra-osseous new bone formation be-
ing considered a hallmark of AS, oste-
oporosis is a well-recognised feature
that occurs even in the early, mild form
of AS and leads to an increased rate of
fractures. Patients with spinal involve-
ment associated with other SspAs have
often been included as small subgroups
in larger samples of patients who have
AS. The few longitudinal studies on
BMD demonstrated a greater bone loss
in patients who had active disease and
a correlation between serum inflamma-
tory parameters, bone resorption mark-
ers, and decrease in BMD (68, 69). As a
consequence of osteoporosis, vertebral
compression fractures are reported fre-
quently in AS, although in clinical prac-
tice they are probably underdiagnosed,
because the pain associated with them
is attributed to exacerbations of the
spondylitic process.

Vertebral fractures seem to be the pre-
dominant clinical consequence of os-
teoporosis in patients with AS, even
though the systemic inflammatory
process which is the most significant
pathogenetic mechanisms is expected
to involve the entire skeleton.

A retrospective population-based study
shows an increased vertebral fracture
(VF) relative risk as great as 7.6 in
comparison with the expected frac-
ture incidence in the same community
(70). In a more recent large primary
care-based nested case control study
(231,778 fracture cases and 231,778
age-sex-mached controls) 758 patients
with AS had an increased risk of clini-
cal vertebral fracture (OR:3.26) while
the risk for nonvertebral fractures (i.e.
forearm and hip fractures: RR:1.21
and 0,77, respectively) was not signifi-
cantly increased (71). In another recent
study the increased vertebral fracture
risk in AS was found to be almost to-
tally BMD independent (72).

Systemic sclerosis (SSc). Several stud-
ies have reported that SSc, a connec-
tive tissue disorder, is associated with
osteoporosis (62). The reduced bone
mass may be related to a chronic in-
flammation state, decreased physical
activity, low body mass index, earlier
menopause, decreased vitamin D syn-
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thesis in the fibrotic skin and gluco-
corticoid therapy. A recent survey (73)
assessing demographics, diagnosis and
investigations for osteoporosis and
risk factors for OP in 129 SSc patients,
and 230 RA subjects, indicated that
the prevalence of OP in patients with
SSc (19.4%) was comparable (p=0.38)
to those with RA (16.7%). In addition
there were no differences between
groups in reports of fracture (35% Ssc,
37% RA; p=0.5). All these analyses
were adjusted for age. These data sug-
gest that the burden of osteoporosis
and fragility fractures in SSc might be
similar to that of RA.

Psoriatic arthritis (PsA). Studies con-
cerning skeletal involvement in PsA
subjects are scanty, probably because
osteoporosis is a less frequently rec-
ognised feature in these subjects. With
regard to oligo/polyarthritic subsets, in
a recent report that used DXA to quan-
tify periarticular BMD in patients who
had early disease, periarticular bone
loss occurred both in patients with RA
and those with PsA to the same extent
(74). Few studies have investigated
generalised osteoporosis in PsA. While
some authors (75) found no difference
in lumbar and femoral neck BMD in
52 patients who had peripheral PsA
compared with controls, other inves-
tigators (76) examining 186 patients
who had nonaxial PsA found that the
prevalence of osteoporosis was 11% in
young women, 47% in postmenopausal
women, and 29% in men. Bone loss
was more evident at the lumbar level in
young women, whereas a reduced fem-
oral neck BMD was detectable only in
postmenopausal subjects. Besides well-
recognised risk factors for osteoporosis,
such as age, years since menopause, and
body mass index, the only variable that
was related specifically to disease that
was predictive of osteoporosis risk was
a disability index that is related to ar-
ticular function (HAQ score). The simi-
larities between PsA and RA in terms
of association between disease activity,
disability and prevalence of OP suggest
that as for RA, PSA might be identified
as a potential unappreciated clinical
risk factor for fracture.

In conclusion, among rheumatologic
disorders, the FRAX® identification of
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RA as a unique clinical risk factor with
the exclusion of other rheumatic dis-
eases is justified by the epidemiology
of these conditions, but may represent
an objective limitation, particularly
when applied in a theumatology unit .

Patients with other rheumatologic dis-
eases such as SLE, AS and SspAs or
SSc are definitely at increased risk for
fragility fractures in part independent
of BMD and GC use. It seems reason-
able to temporarily attribute the same
risk gradient attributed to RA to the
above mentioned rheumatic inflamma-
tory diseases.

Secondary osteoporosis

FRAX® attributes a fixed risk gradi-
ents for a number of clinical conditions
known to be associated with somewhat
increased risk of fracture. For DeFRA
it was decided to leave out (exclusion
criteria) all these and other condi-
tions (see below) for the esteem of the
10YFR. The low incidence of all these
conditions is unlikely to provide suffi-
cient data also for the project of valida-
tion of the tool.

Other information recorded
for the validation of DeFRA
DeFRA should be used only in post-
menopausal women aged 50 to 90 but
not in men (77). In addition to the con-
tinuous (age, BMD and BMI) and cat-
egorical variables (CRFs) collected for
the estimation of I0YFR by DeFRA, in
order also to adjust for fracture associ-
ated mortality (78), the following addi-
tional findings will be recorded for the
validation of the tool:

e Type of pharmacological treatment
implemented (the global adherence
should be ranked as <50%; 50-75%;
>75% (indicates prevalent treatment).

e Simplified calcium intake question-
naire (79).

e Simplified sun exposure question-
naire (79).

e Number of falls that occurred during
the last year.

e Intake of vitamin D supplements
(estimated yearly intake ranked as:
<50,000 U; 50,000 to 200,000 U;
200,000 to 500,000 U; 500,000 to
900,000 U; >900,000 U.

e Mean calcium supplement intake
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during last year, taking into account
global adherence, ranked as: None;
<300 mg/day; 300-600 mg/die;
>600 mg/die.

All centres participating in the project

will be asked to re-assess all patients

at least one year later. During the fol-
low-up visits the following additional
findings will be recorded:

e Cumulative number and type of in-
cident fractures (for vertebral frac-
tures indicate the severity of the
deformity and whether this is a new
fracture or a worsening of a previ-
ous deformity)

e Duration of follow-up.

Conclusions

The algorithms derived mostly from
FRAX® and called DeFRA should be
intended as temporary and requiring
continuous revisions that might be im-
plemented during the validation study.
A rough esteem of the statistical power,
assuming the variance in the gradients
reported above, indicates that for the
validation of the diagnostic tool at least
60.000 patient-years are needed. Only
when this data is obtained and the re-
sults analysed, the DeFRA tool might
be offered for use in a routine setting
and to the Italian health authorities for
re-setting the Nota 79, regulating the re-
imbursability of osteoporosis treatment.

References

1. CUMMINGS S R, MELTON LJ III: Epidemiol-
ogy and outcomes of osteoporotic fractures.
Lancet 2002; 359: 1761-67.

2. ROSSINI M, ALBERTI V, FLOR L, MASIERO L,
GIANNINI S, ADAMI S: Effect of oral vitamin
D2 yearly bolus on hip fracture risk in elder-
ly women: a community primary prevention
study. Aging Clin Exp Res 2004; 16: 432-6.

3. NATIONAL OSTEOPOROSIS FOUNDATION: Phy-
sician’s Guide to Prevention and Treatment
of Osteoporosis. Washington DC: National
Osteoporosis Foundation; 2008. www.nof.
org/physguide.

4. BLACK DM, STEINBUCH M, PALERMO L et
al.: An assessment tool for predicting frac-
ture risk in postmenopausal women. Osteo-
poros Int 2001; 12: 519-28.

5. PLUUM SMF, KOES B, DE LAET C et al.:
A simple risk score for the assessment of ab-
solute fracture risk in general practice based
on two longitudinal studies. J Bone Miner
Res 2009; 24: 768-74.

6. NGUYEN ND, FROST SA, CENTER JR, EIS-
MAN JA,NGUYEN TV: Development of prog-
nostic nomograms for individualizing 5-year
and 10-year fracture risks. Osteoporos Int
2008; 19: 1431-44.



Development of a 10-year fracture risk tool / S. Adami et al.

7.

10.

13.

15.

16.

17.

18.

20.

21.

22.

ROBBINS J, ARAGAKI AAK, KOOPERBERG
C et al.: Factors associated with 5-year risk
of hip fracture in postmenopausal women.
JAMA 2007; 298: 2389-98.

. LESLIE WD, TSANG JF, LIX LM: Simplified

system for absolute fracture risk assessment:
clinical validation in Canadian women.
J Bone Miner Res 2009; 24: 353-60.

. WORLD HEALTH ORGANIZATION 2008 FRAX

WHO FRACTURE RISK ASSESSMENT TOOL!
Available at www.shef.ac.uk/FRAX/index.
htm. Accessed May 5, 2008.

KANIS JA, ODEN A, JOHANSSON H, BORG-
STROM F, STROM O, MCCLOSKEY E: FRAX®
and its application to clinical practice. Bone
2009; 44: 732-43.

. KANIS JA, ODEN A, JOHNELL O et al.

The use of clinical risk factors enhances the
performance of BMD in the prediction of hip
and osteoporotic fractures in men and wom-
en. Osteoporos Int 2007; 18: 1033-46.

. KANIS JA, BORGSTROM F, DE LAET C et al.:

Assessment of fracture risk. Osteoporos Int
2005; 16: 581-9.

DONALDSON MG, CAWTHONPM, LUI LY
et al.: Estimates of the proportion of older
white women who would be recommended
for pharmacologic treatment by the New
U.S. National Osteoporosis Foundation
Guidelines. J Bone Min Res 2009; 24: 675-
80.

. DAWSON-HUGHES B, TOSTESON AN, MELT-

ON LJ 3% et al.: National Osteoporosis Foun-
dation Guide Committee. Osteoporos Int
2008; 19: 449-58.

RIBOT C, TEMOLLIERES F, POUILLES JM:
Can we detect women with low bone mass
using clinical risk factors? Am J Med 1995;
98: 525-55S.

MCCLUNG MR, GEUSENS P, MILLER PD et
al.: Effect of risedronate on the risk of hip
fracture in elderly women. Hip Intervention
Program Study Group. N Engl J Med 2001;
344: 333-40.

HAMDY RC, KIEBZAK GM: Variance in 10-
year fracture irsk calculated with and without
T-scores in select subgroups of normal and
osteoporotic patients. J Clin Densitom 2009;
12: 158-61.

PONGCHAIYAKUL C, NGUYEN ND, JONES
G: Asymptomatic vertebral deformity as a
major risk factor for subsequent fractures
and mortality: a long-term prospective study.
J Bone Miner Res 2005; 20: 1349-55.

. KLOTZBUECHER CM, ROSS PD, LANDSMAN

P, ABBOTT TAI, BERGER M: Patients with
prior fractures have an increased risk of fu-
ture fractures:a summary of the literature and
statistical synthesis. J Bone Miner Res 2000;
15: 721-39.

VAN GEEL TA, VAN HELDEN S, GEUSENS PP,
WINKENS B, DINANT GJ: Clinical subsequent
fractures cluster in time after first fractures.
Ann Rheum Dis 2009; 68: 99-102.

VAN STAA TP: The pathogenesis, epidemiol-
ogy and management of glucocorticoid-in-
duced osteoporosis. Calcif Tissue Int (2006);
79: 129-37.

HUOPIO J,KROGER H, HONKANEN R, SAARI-
KOSKI S, ALHAVA E: Risk factors for peri-
menopausal fractures: a prospective study.
Osteoporos Int 2000; 11: 219-27.

23.

24.

25.

26.

27.

28.

29.

31.

32.

33.

34.

3s.

36.

37.

38.

KANIS JA, JOHNELL £ O. ODEN £, DE LAET
C, DE TERLIZZI F: Ten-year probabilities
of clinical vertebral fractures according to
phalangeal quantitative ultrasonography.
Osteoporos Int 2005; 16: 1065-70.
ESPALLARGUES M, SAMPIRETRO-COLOM L,
ESTRADA MD et al.: Identifying bone-mass-
related risk factors for fracture to guide bone
densitometry measurements: a systematic re-
view of the literature. Osteoporos Int 2001;
12: 811-22.

GENANT HK, COOPER C, POOR G et al.:
Interim report and recommendations of the
World Health Organization Task-Force for
Osteoporosis. Osteoporos Int 1999; 10: 259-
64.

CUMMINGS SR,NEVITT MC, BROWNER WS et
al.: Risk factors for hip fracture in white wom-
en. Study of Osteoporotic Fractures Research
Group. N Engl J Med 1995; 332: 767-73.
KANIS JA, JOHNELL O, DE LAET C et al.:
A meta-analysis of previous fracture and
subsequent fracture risk. Bone 2004; 35:
375-82.

ROSS PD, DAVIS JW, EPSTEIN RS, WASNICH
RD: Pre-existing fractures and bone mass
predict vertebral fracture incidence in wom-
en. Ann Intern Med 1991; 114: 919-23.
BLACK DM, ARDEN NK, PALARMO L, PEAR-
SON J, CUMMINGS SR: Prevalent vertebral
deformities predict hip fractures and new
vertebral deformities but not wrist fractures.
J Bone Miner Res 1999; 14: 821-8.

. ISMAIL AA, COCKERILL W, COOPER C et al.:

Prevalent vertebral deformity predicts inci-
dent hip though not distal forearm fracture
results from the European prospective oste-
oporosis. Osteoporos Int 2001; 12: 85-90.
HASSERIUS R, JOHNELL O, NILSSON BE et
al.: Hip fracture patients have more vertebral
deformities than subjects in population-based
studies. Bone 2003; 32: 180-4.

DAVIS JW, GROVE JS, WASNICH RD, ROSS
PD: Spatial relationships between prevalent
and incident spine fractures. Bone 1999; 24:
261-4.

NEVITT MC, ROSS PD, PALERMO L, MUS-
LINER T, GENANT HK, THOMPSON DE:
Association of prevalent vertebral fractures,
bone density, and alendronate treatment with
incident vertebral fractures: effect of number
and spinal location of fractures. The Fracture
Intervention Trial Research Group. Bone
1999; 25: 613-9.

KANIS JA, JOHNELL O, ODEN A, JOHANS-
SON H, MCCLOSKEY E: FRAX® and the as-
sessment of fracture probability in men and
women from the UK. Osteoporos Int 2008;
19: 385-97.

KANIS JA, JOHANSSON H, ODEN A et al.: A
family history of fracture and fracture risk: a
meta-analysis. Bone 2004; 35: 1029-37.
LAFLEUR J, MCADAM-MARX C, KIRKNESS
C, BRIXNER DI: Clinical Risk Factors for
Fracture in Postmenopausal Osteoporotic
Women: A Review of the Recent Literature.
Ann Pharmacother 2008; 42: 375-86.

KANIS JA, JOHNELL O, ODEN A et al.: Smok-
ing and fracture risk: a meta-analysis. Oste-
oporos Int 2005; 16: 155-62.
VESTERGAARD P, MOSEKILDE L: Fracture
risk associated with smoking: a meta-analy-

569

REVIEW

39.

40.

41.

42

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

54.

55.

56.

sis. J Intern Med 2003; 254: 572-83.
CHAKKALAKAL DA: Alcohol-induced bone
loss and deficient bone repair. Alcohol Clin
Exp Res 2005; 29: 2077-90.

KANIS JA, JOHANSSON H, JOHNELL O et al.:
Alcohol intake as a risk factor for fracture.
Osteoporos Int 2005; 16: 737-42.

BERG KM, KUNINS HV, JACKSON JL et al.:
Association between alcohol consumption
and both osteoporotic fracture and bone den-
sity. Am J Med 2008; 121: 406-18.

. DARGENT-MOLINA P, SCHOTT AM, HANS D,

FAVIERF et al.: Separate and combined value
of bone mass and gait speed measurements
in screening for hip fracture risk:results from
the EPIDOS study. Osteoporos Int 1999; 9:
188-92.

SALKELD G, CAMERON ID, CUMMING RG et
al.: Quality of life related to fear of falling
and hip fracture in older women: a time trade
off study. BMJ 2000; 320: 341-6.
O’LOUGHLIN J ROBITAILLE Y, BOIVIN JF,
SUISSA S: Incidence of and risk factors for
falls and injurious falls among the commu-
nity-dwelling elderly. Am J Epidemiol 1993;
137: 342-54.

TINETTI ME: Factors associated with serious
injury during falls by ambulatory nursing
home residents. J Am Geriatr Soc 1987; 35:
644-8.

NATIONAL OSTEOPOROSIS FOUNDATION: Physi-
cian’s Guide to Prevention and Treatment
of Osteoporosis. Washington DC: National
Osteoporosis Foundation; 2008. www.nof.
org/physguide.

NICE: The assessment and prevention of falls
in older people. Clinical practice guideline
2004.

VAN STAA TP, LEUFKENS HGM, ABENHAIM
L,ZHANG B, COOPER C: Oral corticosteroids
risk: relationship to daily and cumulative
doses. Rheumatology 2000; 39: 1383-9.

VAN STAA, TP, GEUSENS P, BIILSMA JWJ,
LEUFKENS HGM, COOPER C: Clinical as-
sessment of the long-term risk of fracture in
patients with rheumatoid arthritis. Arthritis
Rheum 2006; 54: 3104-12.

VAN STAA TP, LEUFKENS HG, COOPER C:
The epidemiology of corticosteroid-induced
osteoporosis: a meta-analysis. Osteoporos
Int 2002; 13:777-87.

KANIS JA, JOHANSSON H, ODEN A et al.:
A meta-analysis of prior corticosteroid use
and fracture risk. J Bone Miner Res 2004,
19: 893-9.

VAN STAA TP LEUFKENS HGM, ABENHAIM L,
ZHANG B, COOPER C: Use of oral corticos-
teroids and risk of fractures. J Bone Miner
Res 2000; 15: 993-1000.

. NAGANATHAN V, JONES G, NASH P, NIC-

HOLSON G, EISMAN J, SAMBROOK PN:
Vertebral fracture risk with long-term cor-
ticosteroid therapy: prevalence and relation
to age, bone density, and corticosteroid use.
Arch Intern Med 2000; 160: 2917-22.
ADAMI S: L’ Osteoporosi cortisonica. Reuma-
tismo 2000; 1: 52-77.

VESTERGAARD P, REINMARK L, MOSEKIL-
DE L: Fracture risk associated with systemic
and topical corticosteroids. J Intern Med
2005; 257: 374-84.

HOOYMAN JR, MELTON LJ, NELSON AM



REVIEW

57.

58.

59.

60.

61.

62.

63.

64.

et al.: Fractures after rheumatoid arthritis:
a population-based study. Arthritis Rheum
1984; 27: 1353-61.

@RSTAVIK, RAGNHILD E, HAUGEBERG G et
al.: Vertebral deformities in rheumatoid ar-
thritis: a comparison with population-based
controls. Arch Intern Med 2004; 164: 420-5.
VAN STAA TP, GEUSENS P, BIILSMA JW,
LEUFKENS HG, COOPER C: Clinical assess-
ment of the long-term risk of fracture in
patients with rheumatoid arthritis. Arthritis
Rheum 2006; 54: 3104-12.

KANIS JA, on behalf of the WORLD HEALTH OR-
GANISATION SCIENTIFIC GROUP 2007 Assessment
of osteoporosis at the primary health care level.
WHO Collaborating Centre for Metabolic
Bone Diseases, University of Sheffield, UK.
KANIS JA, ODEN A, JOHNELL O et al.: The
use of clinical risk factors enhances the per-
formance of BMD in the prediction of hip
and osteoporotic fractures in men and wom-
en. Osteoporos Int 2007; 18: 1033-46.
KANIS JA, BORGSTROM F, DE LAET C et al.:
Assessment of fracture risk. Osteoporos Int
2005; 16: 581-9.

SINIGAGLIA L, VARENNA M, GIRASOLE G,
BIANCHI G: Epidemiology of Osteoporosis
in Rheumatic Diseases. Rheum Dis Clin N
Am 2006; 32: 631-58.
GRANAJ,MAHIAIV,MEIZOSO MO, VAZQUEZ
T: Multiple osteonecrosis of the jaw, oral bi-
sphosphonate therapy and refractory rheu-
matoid arthritis (Pathological fracture associ-
ated with ONJ and BP use for osteoporosis).
Clin Exp Rheumatol 2008; 26: 384-5.
BULTINK I E M, LEMS WF, KOSTENSE PJ, DI-
JKMANS BAC, VOSKUYL AE: Prevalence of

Development of a 10-year fracture risk tool / S. Adami et al

65.

66.

67.

68.

69.

70.

71.

and risk factors for low bone mineral density
and vertebral fractures in patients with sys-
temic lupus erythematosus. Arthritis Rheum
2005; 52: 2044-50.

YEE CS, CRABTREE N, SKAN J et al.: Preva-
lence and predictors of fragility fractures in
systemic lupus erythematosus. Ann Rheum
Dis 2005; 64: 111-3.

RAMSEY-GOLDMAN R, DUNN JE, HUANG CF
et al.: Frequency of fractures in women with
systemic lupus erythematosus: comparison
with United States population data. Arthritis
Rheum 1999; 42: 882-90.

BORBA VZ, MATOS PG, DA SILVA VIANA
PR, FERNANDEZ A, SATO EI, LAZARETTI-
CASTRO M: High prevalence of vertebral
deformity in premenopausal systemic lupus
erythematosus patients. Lupus 2005; 14:
529-33.

GRATACOS J, COLLADO A, PONS F et al.:
Significant loss of bone mass in patients with
early,active ankylosing spondylitis. Arthritis
Rheum 1999; 42: 2319-24.

MAILLEFERT JF, AHO LS, EL MAGHRAOUI
A et al.: Changes in bone density in patients
with ankylosing spondylitis: a two-year fol-
low-up study. Osteoporos Int 2001; 12: 605-
9.

COOPER C, CARBONE L, MICHET CJ et
al.: Fracture risk in patients with ankylos-
ing spondylitis: a population based study.
J Rheumatol 1994; 21: 1877-82.

VOSSE D, LANDEWE R, VAN DER HEIIDE D,
VAN DER LINDEN S, VAN STAA TP, GEUSENS
P: Ankylosing spondylitis and the risk of
fracture: results from a large primary care-
based nested case control study .Ann Rheum

570

72.

73.

74.

75.

76.

71.

78.

79.

Dis 2009; 68: 1839-42.

GHOZLANI 1, GHAZI M, NOUUJAI A et al.:
Prevalence and risk factors of osteoporosis
and vertebral fractures in patients with anky-
losing spondylitis. Bone 2009; 44: 772-6.
YUEN SY, ROCHWERG B, OUIMET J, POPE
JE: Patients with scleroderma may have in-
creased risk of osteoporosis. A comparison
to rheumatoid arthritis and noninflammatory
musculoskeletal conditions. J Rheumatol
2008; 35: 1073-8.

HARRISON BJ, HUTCHINSON CE,ADAMS ] et
al.: Assessing periarticular bone mineral den-
sity in patients with early psoriatic arthritis or
rheumatoid arthritis. Ann Rheum Dis 2002;
61: 1007-11.

NOLLA JM, ROZADILLA A, GOMEZ-VAQUE-
RO C et al.: Bone mineral density in patients
with peripheral psoriatic arthritis. Rev Rhum
Engl Ed 1999; 66: 457-61.

FREDIANI B, ALLEGRI A, FALSETTI P et al.:
Bone mineral density in patients with psori-
atic arthritis. J Rheumatol 2001; 28: 138-43.
DEL RIO L, PERIS P, JOVER L, GUANABENS
N, MONEGAL A, DI GREGORIO S: Men suffer
vertebral fractures with similar spinal T-scores
than women. Clin Exp Rheumatol 2008; 26:
283-7.

TENG GG, CURTIS JR, SAAG KG: Mortality
and osteoporotic fractures: is the link causal,
and is it modifiable? Clin Exp Rheumatol
2008; 26 (Suppl. 510): S125-37.

ADAMI S, VIAPIANA O, GATTI D, IDOLAZZI
L, ROSSINI M: Relationship between serum
parathyroid hormone, vitamin D sufficiency,
age, and calcium intake. Bone 2008; 42: 267-
70.



