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Abstract

Background The World Health Organization has recently
developed the Fracture Risk Assessment Tool (FRAX)
based on clinical risk factors and bone mineral density
(BMD) for evaluation of the 10-year probability of a hip or
a major osteoporotic fracture. The aim of this study was to
evaluate the use of the FRAX tool in Greek patients with
inflammatory bowel disease (IBD).

Methods FRAX scores were applied to 134 IBD patients
[68 Crohn’s disease (CD); 66 ulcerative colitis (UC)] who
underwent dual-energy X-ray absorptiometry scans at the
femoral neck and Ilumbar spine during the period
2007-2012. Calculation of the FRAX scores, with or
without BMD, was made through a web-based probability
model used to compute individual fracture probabilities
according to specific clinical risk factors.

Results The median 10-year probability of a major oste-
oporotic fracture for IBD patients based on clinical data
was 7.1 %, and including the BMD was 6.2 %. A signifi-
cant overestimation with the first method was found
(P = 0.01). Both scores with and without BMD were sig-
nificantly higher in CD patients compared with UC patients
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(P =10.02 and P = 0.005, respectively). The median
10-year probability of hip fracture based on clinical data
was 0.8 %, and including the BMD was 0.9 %. The score
with use of BMD was significantly higher in CD compared
with UC patients (P = 0.04).

Conclusions CD patients have significantly higher FRAX
scores and possibly fracture risk compared with UC
patients. The clinical FRAX score alone seems to overes-
timate the risk of osteoporotic fracture in Greek IBD
patients.

Keywords Crohn’s disease - Fracture - Osteoporosis -
Ulcerative colitis

Introduction

It is well known that patients with inflammatory bowel dis-
ease (IBD) have low bone mineral density (BMD) and are at
increased fracture risk. The overall risk of fractures is 40 %
greater than that of the general population and increases with
age [1-3]. The pathogenetic mechanism of osteoporosis in
IBD patients is only partially understood. Possible causes
include: chronic inflammation, lack of vitamin D, steroid
use, sex hormones deficiency, abnormalities in calcium
homeostasis, smoking, and low body mass index (BMI)
[4-6]. Use of steroids is associated with inhibition of
osteoblastogenesis and promotion of osteoblast apoptosis
leading to a significant reduction in bone formation. Poor
nutritional status and malabsorption (particularly affecting
vitamin D, vitamin K, and ca’t homeostasis), common
conditions in IBD, are associated with renal calcium reab-
sorption and bone resorption. There is evidence that medi-
ators involved in chronic inflammation such as tumor
necrosis factor (TNF)-a, interleukin (IL)-1, IL-6, interferon
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(IFN)-y, receptor activator of nuclear factor kappa-B
(RANK) and its ligand RANKL or osteoprotegerin regulate
bone remodeling, activate osteoclasts, and finally contribute
to the development of osteoporosis [4, 5].

The most common and widely used technique for
evaluation of fracture risk in everyday practice is dual-
energy X-ray absorptiometry (DXA). This technique
measures the BMD mainly in the femoral neck and the
lumbar spine. The measurements are expressed as Z-score,
reflecting the number of standard deviations (SDs) above
or below the mean for an age-matched population, and
T-score, reflecting the number of SDs above or below the
mean for a young adult population [7, 8]. There is evidence
that low BMD is not in direct proportion with the fracture
risk and most fractures occur in individuals with a BMD
T-score above the operational threshold [9, 10]. The cor-
relation between BMD and fracture risk is in dispute in
different patient populations including IBD [11-14], sug-
gesting that we need to include more factors than BMD
prior to commencing any antiosteoporotic treatment [15].

The World Health Organization (WHO) has recently
developed a Fracture Risk Assessment Tool (FRAX) based
on clinical risk factors with or without measurement of
BMD [16]. This algorithm is based on meta-analyses from
population-based cohort studies and provides two main
results: firstly, the 10-year probability of a major osteo-
porotic fracture (clinical spine, hip, forearm or shoulder),
and secondly, the 10-year probability of a hip fracture
alone. The algorithm 1is available through the web
at: http://www.shef.ac.uk/FRAX/index. The Osteoporosis
Guidelines Group [17] recommends use of the FRAX score
to set thresholds for medical treatment and the necessity for
DXA in patients with osteoporosis [18, 19].

Our aim is to evaluate the accuracy of pre-BMD FRAX
score in Greek IBD population in order to identify the
patients who need medical therapy, scanning with DXA, or
just close follow-up/reassurance. We also evaluated and
compared the fracture risk in patients with Crohn’s disease
(CD) and ulcerative colitis (UC).

Methods
Patients

We evaluated FRAX score with and without BMD in 134
consecutive IBD patients who underwent DXA scanning
from January 2007 to March 2012 at the University Hos-
pital of Heraklion, Crete, Greece. The following exclusion
criteria were applied: age under 18 years old, celiac
disease, diabetes mellitus, malabsorption syndromes, con-
current liver disease, renal disease, hypogonadism, para-
thyroid disorders or untreated disorders of the thyroid.

The Montreal classification was used for CD and UC,
respectively [20]. The activity of the CD patients was
assessed by the CD Activity Index (CDAI) [21]. For the
patients with UC, we used the Simple Clinical Colitis
Activity Index [22]. A written informed consent was
obtained from all patients, and the protocol of the study has
been approved by the Ethics Committee of the University
Hospital of Heraklion.

In this study we recorded age, sex, body mass index
(BMI), type, location and severity of the disease, medical
therapy, current smoking and alcohol use, menopausal
status, and corticosteroid use both at present and in the
past. IBD patients who had undergone surgery were also
included in this study. Baseline characteristics of the
patients at time of DXA scanning are presented in Table 1.
Twenty-eight IBD patients (13 UC, 15 CD, 20.9 %) under
corticosteroid treatment, and 73 (29 UC, 44 CD, 54.5 %)
with past history of corticosteroid treatment were included
in this study. The mean number of cycles of corticosteroid
use was 4.8 &+ 3.1, and the mean duration of this treatment
was 21.7 + 14.8 months.

BMD was recorded by the same Lunar Prodigy dual-
energy X-ray absorptiometry system (Lunar Prodigy, GE,
USA) in the lumbar spine (L.1-L4) and in the femoral neck.
WHO guidelines were used for the definition of osteopenia
and osteoporosis: 7-score > —1 SD at both lumbar spine
and hip according to the guidelines was the threshold for
normal BMD; T-score between —1.0 and —2.5 SD at either
lumbar spine or hip or both was considered osteopenic; and
finally T-score < —2.5 SD at either lumbar spine or hip or
both suggested an osteoporotic status.

FRAX Score

Fracture probability was estimated using the FRAX score
tool based on the Italian algorithm. This algorithm
demands the completion of the following fields: age
(years), height (cm), weight (kg), history of trauma fracture
(spontaneous or arising from trauma which in healthy
controls would not have resulted in a fracture), history of
parental hip fracture, current smoking, drinking three or
more units of alcohol per day, current glucocorticoid use
(defined as more than 7.5 mg prednisolone, or equivalent,
in the last 3 months), a diagnosis of concomitant rheuma-
toid arthritis, and the existence of a secondary cause of
osteoporosis. IBD is one of the causes of secondary oste-
oporosis, thus all patients were considered as having a
secondary cause of osteoporosis. The output of FRAX is
the 10-year probability of a major osteoporotic fracture
(hip, clinical spine, humerus or wrist fracture) and the
10-year probability of hip fracture. The questionnaire was
completed by telephone interview. We calculated FRAX
scores for all patients twice: the first time without using the
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Table 1 Baseline

characteristics of the Osteopenic Osteoporotic Normal
inflammatory bowel disease Uc
patients Sex
Male 21 (63.6 %) 1 (333 %) 17 (56.7 %)
Female 12 (36.4 %) 2 (66.6 %) 13 (43.3 %)
Age (years) 59.7 (12.55) 58 (14) 50.2 (12.32)
BMI (kg/m?) 25.7 (3.35) 22.6 (0.47) 29.6 (4.69)
Disease duration (years) 15.3 (8.7) 5.9 (5.3) 13.6 (8.6)
Surgery 3 (9.1 %) 0 2 (6.6 %)
Disease location
Rectum 14 (42.4 %) 0 9 (30.0 %)
Left 10 (30.3 %) 1(33.3 %) 14 (46.7 %)
Total 9 (27.3 %) 2 (66.6 %) 7 (23.3 %)
Medication
5-ASA derivatives 32 (96.9 %) 3 (100 %) 28 (93.3 %)
Steroids 5 (15.2 %) 0 8 (26.7 %)
Immunosuppressants 5(15.2 %) 1 (33.0 %) 4 (13.3 %)
Anti-TNF 1 (3.0 %) 0 1 (3.3 %)
Anti-osteoporotic treatment 6 (18.2 %) 2 (66.6 %) 3 (10.0 %)
CD
Sex
Male 14 (48.3 %) 8 (66.6 %) 12 (44.4 %)
Female 15 (51.7 %) 4 (33.3 %) 15 (56.6 %)
Age (years) 51.1 (13.8) 57.6 (18.5) 38.7 (8.6)
BMI (kg/m?) 25.1 (7) 23.3 (3) 26.6 (5.7)
Disease duration (years) 12.9 (8.2) 17.2 (14.6) 10.3 (4.9)
Surgery 8 (27.6 %) 2 (16.7 %) 2 (7.4 %)
Disease location
Tleal 13 (44.8 %) 4 (33.3 %) 6 (22.2 %)
Colonic 9 (31.0 %) 4 (33.3 %) 8 (29.6 %)
Tleocolonic 6 (20.7 %) 4 (33.3 %) 8 (29.6 %)
Upper GI 1 (3.4 %) 2 (7.4 %)
Ileocolonic + UGI 2 (7.4 %)
Colonic + UGI 1 (3.7 %)
Medication
5-ASA derivatives 17 (58.6 %) 6 (50 %) 18 (66.7 %)
vc ulferétive colitis, CD Steroids 7 (24.1 %) 4 (333 %) 4 (14.8 %)
Ii;"::‘i;dgiezi‘f{sﬁlul body Budesonide 4138 %) 183 %) 5.(18.5 %)
5-aminosalicylate, TNF tumor Immunosuppressants 16 (55.2 %) 6 (50 %) 13 (48.1 %)
necrosis factor, GI Anti-TNF 3 (10.3 %) 5 (41.7 %) 7 (25.9 %)
gastrointestinal, UGI upper Anti-osteoporotic treatment 4 (13.8 %) 3 (25 %) 0

gastrointestinal

BMD measurements, and the second time we recalculated
all FRAX scores including the measurement of 7-score at
the femoral neck.

Statistical Analysis

The Kolmogorov—Smirnov test was used to assess the
normality of the data. Since the values were not normally
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distributed, results are presented as median values and their
ranges. The interquartile range (IQR) was calculated as the
distance between the 25th percentile and the 75th percen-
tile. Box and whisker plots are used to summarize and
display data. Comparisons between two groups were made
by Student’s ¢ test or Mann—Whitney’s U test. Correlations
between the examined parameters were analyzed with the
Pearson’s correlation method. Bland—Altman plot is used
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to provide graphical representation of the comparison of
pre-FRAX and FRAX scores. A level of P < 0.05 was
considered statistically significant. All statistical calcula-
tions were processed using the MedCalc software package
(MedCalc Software, Belgium).

Results

T-scores at the lumbar spine and femoral neck of CD
patients were not significantly different compared with UC
patients (P = 0.31 and P = 0.13, respectively). Similarly
Z-scores at the lumbar spine and femoral neck were not
different between UC and CD patients (P = 0.37 and
P = 0.11, respectively). Using the WHO’s diagnostic cri-
teria, 57 IBD patients (30 UC; 27 CD) were classified as
normal, 62 (33 UC; 29 CD) were osteopenic, and 15 (3 UC;
12 CD) were classified as osteoporotic.

The median 10-year probability of a major osteoporotic
fracture for IBD patients based on clinical data was found
as 7.1 % (IQR 4.5-9.0 %), and including the BMD as
6.2 % (IQR 3.7-9.4 %) with a significant difference among
them in the paired analysis (P = 0.01). Both scores were
significantly higher in females (P = 0.01), but when the
postmenopausal women were excluded both sexes had
similar scores (P = 0.76). The 10-year risk of a major
osteoporotic fracture calculated without and with BMD
was significantly higher in CD patients compared with UC
patients (P = 0.02 and P = 0.005, respectively) (Fig. 1).
The bias between the FRAX score estimations with and
without BMD was 1.0 % (Fig. 2). The FRAX score with-
out using the BMD information resulted in an overesti-
mation of fracture probability in comparison with the
FRAX score estimated taking BMD into account. The
95 % limits of agreement were: 7.9 (lower limit) and 9.8
(upper limit). Ten data points were outside the calculated
confidence intervals. This analysis shows that estimation of
FRAX score using BMD is preferable compared with that
without BMD.

The median 10-year probability of hip fracture for IBD
patients based on clinical data was 0.8 % (IQR: 0.4-2.2 %)
and including the BMD was 0.9 % (IQR: 0.2-2.5 %). No
significant difference between pre-BMD and including
BMD score was found (P = 0.87). These scores were
similar in both sexes (P = 0.15). The 10-year probability
of hip fracture based on clinical data was higher in CD
compared with UC patients, but the difference was not
statistically significant (P = 0.18). On the other hand the
score with use of BMD was significantly higher in CD
compared with UC patients (P = 0.04) (Fig. 3).

Six CD patients (8.8 %) had a high risk for a major
osteoporotic fracture (10-year probability >20 %). No
significant associations between FRAX scores and clinical
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characteristics (localization, history of surgery, treatment)
of IBD patients were found.

Discussion

In daily practice most physicians use the 7-score as the
only marker in decision-making for antiosteoporotic treat-
ment in IBD patients. However, with this practice they
often under- or overestimate the need for treatment. It
seems that the FRAX score is a much more integrated
approach in assessing fracture risk, since it takes into
account factors such as age, sex, BMI, smoking, alcohol
consumption, and previous fractures, related with higher
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Fig. 3 Distribution of 10-year probability of hip fracture with and
without bone mineral density (BMD) in inflammatory bowel disease
patients. Boxes indicate the interquartile range with median value.
Bars show the 5th and 95th percentiles, and data points representing
the Ist and 99th percentiles are shown as stars

fracture risk. The present study showed that the clinical
(pre-BMD) FRAX score rather overestimates the fracture
risk in Greek IBD patients. Therefore, the pre-BMD FRAX
score could be used in order to categorize the patients at
risk but it is not able to replace the including BMD FRAX
score. In a study from the UK, Goodhand et al. [23] found
that the clinical FRAX score alone can accurately (sensi-
tivity 100 %) predict the risk of osteoporotic fracture.
However, our results showed that estimation of FRAX
score using BMD is preferable compared with that without
BMD. Based on the existing data, we could suggest use of
the clinical FRAX as a first test to select the patients who
need DXA scan, and the included BMD FRAX in order to
consider specific treatment for osteoporosis. The use of
clinical FRAX could reduce the need and the cost of DXA
scans, and the use of FRAX with BMD could help in
treatment decisions especially in CD patients who have
high clinical risk of fracture. We think, however, that these
data are rather preliminary to dictate specific treatment
decisions, and that the application of the guidelines written
by the National Osteoporosis Guideline Group (NOGG)
[17] in IBD patients merits future investigation.

The findings of our study confirm our previous reports
where no significant differences between CD and UC
patients concerning 7- and Z-scores were found [24, 25].
The present study, the first one with a comparison of FRAX
scores between UC and CD patients, showed that the
10-year probability of a major osteoporotic fracture and of
hip fracture (mainly the score with use of BMD) were
significantly higher in CD compared with UC. There is
evidence from epidemiological studies that the prevalence
of fractures and fracture risk is more elevated in CD than
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UC patients [26, 27]. It could be suggested that the sys-
temic inflammatory response and abnormalities in calcium
homeostasis may induce increased BMD loss in CD com-
pared with UC. Our observations are in agreement with the
findings of Hyams et al. [28], who reported disorders in
bone formation and architecture in children with CD but
not in those with UC.

Six CD patients (8.8 %) showed a high risk of major
osteoporotic fracture (10-year probability >20 %), which
alerted us to follow them up more closely with DXA scanning
annually and aggressive treatment with diphosphonates and
calcium supplement, since vertebral fractures can be either
asymptomatic or underdiagnosed by physicians in 20 % of the
patients [29, 30]. Preexistence of vertebral fracture is an
independent risk factor for fracture relapses [31].

A limitation of our study is the absence of country-specific
data on osteoporosis in the general Greek population. Since it
has been suggested that in this case a regional model might be
constructed [32-34], we used the existing data of Italy in the
calculation of FRAX score. Another limitation is that the FRAX
tool was designed for assessing osteoporosis in the general
population and for ages older than 40 years and not specifically
for IBD patients. Considering that a large proportion of IBD
patients are younger than 40 years the FRAX tool may over-
estimate the fracture risk in these patients, because of the age-
related BMD loss. Finally, the duration and dose of cortico-
steroid use, necessary in the FRAX calculations, cannot always
be measured accurately, thereby leading to inaccuracies.

In conclusion, the clinical FRAX score alone cannot
replace the FRAX score with BMD measurement for the
evaluation of the risk of osteoporotic fracture in Greek IBD
patients. Possibly it could be used only as a screening tool in
order to identify patients who need DXA. Furthermore, CD
patients have a significantly higher fracture risk than UC
patients, possibly due to the involvement of their systemic
inflammatory response which leads to a greater loss of bone
mass. It seems that CD patients are in need of closer follow-
up including measurement of clinical FRAX score and, if
confirmed by larger prospective studies also taking into
account the potential applicability of NOGG recommenda-
tions in these patients, FRAX with DXA might be a useful
tool to prevent future major osteoporotic fractures.
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