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Abstract

Inflammatory bowel disease (IBD), which includes Crohn’s disease and ulcerative colitis, is associated with
an increased prevalence of osteoporosis and osteopenia. We aim to evaluate the use of the World Health Or-
ganization Fracture Risk Assessment (FRAX®) tool in these patients to assess 10-yr risk of fracture. Elec-
tronic searches were performed with key words relating to IBD and FRAX in the MEDLINE, EMBASE,
and SCOPUS databases. Summary estimates were calculated. A fixed or random-effects model was used de-
pending on heterogeneity (I2). The search yielded 146 references; 7 that included research carried out in adult
patients, were used in the systematic review and quantitative summary. No significant publication bias was
noted according to the Harbord test. The 10-yr probability of hip and major osteoporotic fracture in adult
IBD patients was 1.03% (95% confidence interval [CI]: 0.37%–2%; I2 = 0%) and 4.05% (95% CI: 2.61%–
5.79%; I2 = 49%), respectively. In those patients with Crohn’s disease, hip and major osteoporotic fractures
calculated with FRAX increased to 1.74% (95% CI: 0.42%–3.93%; I2 = 37.5%) and 6.65% (95% CI: 2.97%–
11.66%; I2 = 8.7%), respectively. Risks of fracture in adults with ulcerative colitis were provided by a single
study only. The FRAX tool has been limitedly used in patients with IBD; however, the evidence currently
available only shows a modest increase in the 10-yr risks of bone fracture and does not support unequivo-
cally the need for specific interventions. Further well-designed studies are needed to confirm the results ob-
tained from this systematic review.
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Introduction
The development of bone fracture is the most clini-

cally relevant complication of a reduced bone mineral
density (BMD) (1). People with inflammatory bowel disease
(IBD) exhibit a higher risk of bone loss than the general
population. Chronic inflammation causes a reduction in
BMD that leads to osteopenia and osteoporosis (2). Cross-

sectional studies have reported a highly variable preva-
lence of ostepenia and osteoporosis that ranges from 22%
to 77% and and from 17% to 41%, respectively (3), de-
pending on the study population, location, and design (4).
As a result, IBD patients are at increased risk of major os-
teoporotic fractures, comprising of fractures of the hip, ver-
tebra, distal radius, or humerus.

However, BMD alone indicated only a modest in-
crease in the risk of fracture (5–7), and as such the routine
screening with dual-energy X-ray absorptiometry (DXA)
scans of IBD patients was not justified, according to the
British Society of Gastroenterology and American
Gastroenterological Association guidelines (8,9). Al-
though a low BMD constitutes a major determinant of the
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risk of osteoporosis and a subsequent bone fracture, several
other factors also have influence on the development of
the latter, including exposure to systemic steroids, smoking,
age, and gender.

The Fracture Risk Assessment (FRAX®) tool (10) is a
risk-assessment survey developed by the World Health Or-
ganization (WHO) that calculates the 10-yr probability of
hip fracture and major osteoporosis-related fracture (in-
cluding clinical spine, forearm, hip, or proximal humerus
fracture). The WHO FRAX score utilizes age, sex, body
mass index, clinical risk factors, and femoral neck BMD to
estimate the 10-yr probability (of hip fracture and major
osteoporosis-related fracture). It is composed of 11 vari-
ables: age, sex, weight, height, previous fracture as an adult,
parental hip fracture, current cigarette smoking, current (or
3 months prior) use of glucocorticoids, diagnosis of rheu-
matoid arthritis, consumption of ≥3 units of alcohol daily,
and secondary osteoporosis. It can be used with or without
the addition of the BMD-derived T-score at the femoral
neck, but conflicting results have been provided regard-
ing the reliability of FRAX estimation without BMD mea-
surements (11,12).

FRAX has been revealed as 1 of the most accurate
methods for assessing the risk of fractures in different popu-
lations (13–15). However, the use of the FRAX tool in pa-
tients with IBD who have been recognized as presenting
an increased prevalence of osteoporosis (6,7,16) and in the
risk of osteoporotic fractures, has not been well assessed
in literature. As a consequence, it is unclear whether IBD
predicts major osteoporosis-related fractures or hip frac-
tures independent of FRAX; whether the increased frac-
ture risk seen in IBD patients is accounted for in the
component variables of the FRAX score; or whether the
IBD subtype—Crohn’s Disease vs ulcerative colitis—has
differential effects on the risk of fracture.

Our research aims to conduct a systematic review to
assess the 10-yr risk of fracture as determined by the FRAX
tool in patients with IBD to provide an up-to-date summary
of the available evidence on the utility of this tool in the
prediction of bone fracture risk among these patients.

Methods
This systematic review has been registered in the

PROSPERO International prospective register of system-
atic reviews (www.crd.york.ac.uk/PROSPERO; register no.
CRD42014015539), and has been reported in accordance
with the PRISMA statements (17).

Selection of Studies
A systematic literature search of 3 major bibliographic

databases (PubMed, EMBASE, and Scopus) was per-
formed independently by 2 researchers (BS-M and AA)
for the period up to January 24, 2016. The search was not
restricted with regard to date or language of publication.
The researchers used a predetermined protocol in accor-

dance with the quality standards for reporting meta-
analyses of observational studies in epidemiology (18).

Comprehensive search criteria were used to identify ar-
ticles dealing with the risk of fracture in patients with IBD,
both children and adults.The following search strategy was
used to consult the thesauri for MEDLINE (MESH) and
EMBASE (EMTREE): (“inflammatory bowel disease*”
OR “ulcerative colitis” OR “Crohn’s disease”) AND (frac-
ture risk assessment tool OR frax) AND (“bone mineral
density” OR “osteoporosis” OR “osteopenia” OR “bone
diseases, metabolic” OR “fractures, bone” OR “bone dis-
eases” OR “bone disease, metabolic” OR “bone density”).
For the Scopus database, only free-text searches with trun-
cations were carried out. We also examined the reference
lists from retrieved articles and abstracts of conference pro-
ceedings (these were taken from abstract books from the
annual Digestive Diseases Week,American College of Gas-
troenterology Meetings, the United European Gastroen-
terology Week, and the European Crohn’s and Colitis
Organization meetings for the period between 2005 and
2015) to identify additional, relevant studies.Three review-
ers (BS-M, ABF-R, and AA) independently screened the
database search for titles and abstracts. If any of the re-
viewers felt that a title or abstract met the study eligibil-
ity criteria, the full text of the study was retrieved.

Inclusion Criteria
The following are the inclusion criteria: (1) a diagnosis

of IBD was made according to standard clinical, endo-
scopic, histological, and radiological criteria (19–21), inde-
pendently of its clinical type (Crohn’s disease and ulcerative
colitis), location, and behavior; (2) original data on the risk
of fracture among recruited patients were provided; and
(3) the risk of bone fracture was estimated by using the
WHO fracture risk assessment tool FRAX.

Exclusion Criteria
Our analysis excluded clinical guidelines; consensus docu-

ments and reviews that did not provide original data. We
also excluded studies not carried out on humans; papers
providing duplicated information (i.e., repeated abstracts
presented at different congresses or abstracts subse-
quently published as a full paper); studies using subsets of
patient cohorts from previously published research by the
same group of authors; and research not based on the use
of FRAX.

Risk of Bias Assessment
Retrieved documents were evaluated for risk of bias only

if the article described all the patients’ demographic data,
the diagnostic criteria used for IBD, and the reported risk
of fracture. Risk of bias assessment was checked with a spe-
cific evaluation form for observational studies developed
by our group and based on the STROBE statements (22)
and critical appraisal tools from the Critical Appraisal Skill
Program. A study was considered to be at low risk of bias
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if each of the bias items could be categorized as low risk.
On the contrary, studies were judged to have a high risk
of bias if even 1 of the items was deemed high risk. Two
investigators (BS-M and AJL) independently gave each eli-
gible study an overall risk of bias rating of high, low, or
unclear; if disagreements arose, a third reviewer (AA) was
consulted.

Data Extraction
Three reviewers (BS-M, ABF-R, and AJL) indepen-

dently extracted relevant information from each eligible
study using a standardized data extraction sheet and then
proceeded to cross-check the results.The extracted data in-
cluded the last name of the first author, year of publica-
tion, study period, type of IBD, location and extension if
available, age and gender of study participants, sample size
(total as well as by sex), and reported 10-yr risk of frac-
ture according to the FRAX tool.

Methodological design and risk of bias assessment for
all included studies were also extracted. Disagreements
between reviewers regarding data extraction were re-
solved through discussion.

Statistical Analysis
Estimations of the 10-yr risk of fracture were carried out

with the aid of a fixed or random-effects meta-analysis
weighted for inverse variance following DerSimonian and
Laird’s method. Summary estimates, along with their 95%
confidence intervals (CIs), were calculated for IBD and its
subtypes, if possible.

Heterogeneity between studies was assessed with a chi-
square test (Cochran Q statistic) and quantified with the
I2 statistic. Generally, I2 was used to evaluate the level of
heterogeneity, assigning the categories of low, moderate,
and high to I2 values of 25%, 50%, and 75%, respectively
(23). Publication bias was evaluated with the aid of the
Harbord test (24).

For the primary outcome, planned subgroup analyses
were performed based on the type of IBD (i.e., Crohn’s
disease and ulcerative colitis), patients’ age (adults vs chil-
dren), patients’ gender (male vs female), and study dates
(before 2001 vs after 2001). Estimations were made through
fixed-effects meta-analysis.

Subgroup analyses were planned with regard to risk of
bias and type of document (full-length article vs abstract
presented at conference proceedings), whenever pos-
sible. All calculations were made with StatsDirect statis-
tical software version 2.7.9 (StatsDirect Ltd, Cheshire, UK).

Results

Literature Search
The search strategy yielded 146 references; 129 were ex-

cluded on the basis of the specific article type (letter, review,
and guidelines) or after reviewing the abstract. Of the re-
maining 17 studies, 10 were excluded for the reasons listed

in Fig. 1.This left 7 documents: Table 1 summarizes the char-
acteristics of the 7 studies included in the final systematic
review, including 4 full-text papers (12,25–27) and 3 ab-
stracts (28–30).

Of the 7 documents mentioned above, 5 were con-
ducted in European countries (12,26,28–30), 1 in Canada
(27), and the last 1 was an international research paper in-
cluding patients from Europe and North America (25). All
the studies involved adult patients with IBD, and were
carried out between 1997 and 2012. Individual patient age
was not given in the retrieved studies, but 2 included subject
aged over 50 years (25,27).

Overall, data from 1436 patients with IBD (including 373
males, 776 females, and 287 subjects with gender not speci-
fied) were reported. Among them, 360 presented Crohn’s
disease, 142 ulcerative colitis, and the remaining 934 pa-
tients had not reported their type of disease. Data on the
location or extension of Crohn’s disease and ulcerative
colitis were only reported in 2 studies (12,26). An addi-
tional study did not provide data on the number of IBD
patients recruited or the type of disease the patients pre-
sented (25).

IBD and Hip Fracture Risk
In the 7 studies extracted from which the 10-yr risk of

fracture in IBD was estimated with the FRAX tool, only
1 provided separate data for Crohn’s disease and ulcer-
ative colitis (28); another single research paper only con-
sidered data for Crohn’s disease patients (29), and 4 studies
provided data for overall IBD (25,27,29,30).

The 10-yr overall risk of hip fracture in adult patients
with IBD was estimated from 3 studies (1.03%; 95% CI:
0.37%–2%) (Fig. 2A). When only patients with Crohn’s
disease were considered, the hip fracture risk was calcu-
lated in 1.74% (95% CI: 0.42%–3.93%) (Fig. 3A). A low
to moderate heterogeneity, according to I2 statistic, was
found.

Specific risks of fracture in patients with ulcerative colitis
were exclusively provided by a single study, resulting in a
10-yr probability of 0.4% ± 0.7%, so results could not be
meta-analyzed.

IBD and Major Osteoporotic Fracture Risk
A 10-yr probability of major osteoporotic fracture of

4.05% (95% CI: 2.61%–5.79%) was estimated in IBD pa-
tients overall (Fig. 2B); this risk was higher when only pa-
tients with Crohn’s disease were considered (6.65%; 95%
CI: 2.97%–11.66%) (Fig. 3B). Summary estimates in ul-
cerative colitis patients could not be calculated because risk
of fracture was separately provided in a single study, in
which the 10-yr probability of major osteoporotic frac-
ture was 2.5% ± 2.4%. Intrastudy heterogeneity (I2) also
gave low to moderate results.

The limited number of studies retrieved prevented us
from developing further subgroup analysis based on study
design or quality, type of disease, and the effect of gender
on the risk of bone fractures.
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Publication Bias Assessment
Statistical analysis revealed no significant publication bias

according to Harbord test (p value being 0.766 for hip frac-
ture risk, and p = 0.899 for major osteoporotic fracture).

Discussion
This systematic review shows that, despite the fact that

increased risk of osteoporosis and bone fracture among IBD
patients is well known, the WHO FRAX tool has been used
in a very limited way with this specific population. After
an exhaustive literature search, only 7 documents, 3 of them
being abstracts only, have reported on the use of the FRAX
tool to estimate the 10-yr probability of hip and major os-
teoporotic facture in patients with IBD.

IBD patients are frequently presented with several
extraintestinal manifestations, among which bone loss and
osteoporosis are prevalent ones. The major complication
of osteoporosis is the increased risk of fracture, especially
nontraumatic fractures (27) that have been reported as 40%
greater in frequency in the general population (6). Despite

patients with Crohn’s disease having shown a higher risk
of osteoporosis than ulcerative colitis patients in some popu-
lations (31), whether differences between Crohn’s disease
and ulcerative colitis fracture risk exist are not known (4).

According to our results, summary estimates have shown
a low risk of hip fracture in IBD patients (below a 4% frac-
ture risk after 10 yr), and also a modest increase in 10-yr
probability of suffering a major osteoporotic fracture (below
12%), according to upper limits of 95% CIs. These figures
cannot justify routine DXA in all patients with IBD, and
taking into account that the main reason for assessing BMD
is to plan specific treatment for osteoporosis, and so to
prevent fracture, an optimal procedure should be select-
ing those patients who are most at risk of fracture for scan-
ning. However, this task is not easy because many risk
factors are involved in an impaired BMD in IBD, and it
is difficult to assess their relative importance and thereby
to produce a reliable scoring system to select those most
at risk (8). Without a reliable scoring system, it has been
suggested that patients’ age over 50, those with very active
disease or disease responding poorly to treatment, those

Fig. 1. Flowchart for the process of identifying studies included in and excluded from the systematic review.
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Table 1
Demographics and Characteristics of Studies Included in Our Systematic Review and Meta-Analysis

Author Country
Study
period N Study design

Age of
patients

Gender
(M/F)

Type of
IBD

FRAX score
Hip fracture

FRAX score
MO fracture

Bours et al
(30)

Netherlands - 287 Cross-sectional
study

Adult - - 0.9% (0.1%–10%) 4.2% (1.5%–20%)

Goodhand
et al (12)

UK 2005–2009 116 Retrospective
chart review

Adult 51/65 CD: 81 Low: 42/116
Intermediate: 55/116
High: 19/116

UC: 35

Dennison
et al (25)

10 countries
(Austria, Belgium,

Canada, France,
Germany, Italy, the
Netherlands, Spain,
UK, and USA)

2006–2008 - Prospective
cohort study

Adult
(>50 years)

100%F - HR unadjusted
1.4 (1.2 – 1.8)

-

HR age-adjusted
1.4 (1.1–1.7)

Lorinczy
et al (28)

Hungary - 169 Retrospective
cohort study

Adult 81/88 CD: 128 0.6% ± 1.4% 2.4% ± 2.7%
UC: 41 0.4 ± 0.7 2.5 ± 2.4

Terzoudis
et al (26)

Greece 2007–2012 134 Prospective
cohort study

Adult 73/61 CD: 68 0.9% (0.2%–2.5%) 6.2% (3.7%–9.4%)
UC: 66

Targownik
et al (27)

Canada 1997–2008 647 Retrospective
case-control

Adult
(>50 years)

127/520 - HR: 2.14 (1.26–3.64) HR: 1.12 (0.83–1.53)

Azzopardi
and Ellul
(29)

Malta - 83 Retrospective
case-control

Adult 41/42 83 CD 2.89% (0.1%–39%) 7.9% (2.5%–53%)

Abbr: CD, Crohn’s disease; FRAX, fracture risk assessment tool; HR, hazard ratio; IBD, inflammatory bowel disease; MO, major osteoporotic; UC, ulcerative colitis.
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with poor nutrition or weight loss, physical inactivity and
repeated used of corticosteroids, smoking habit and pre-
vious or family history of osteoporotic fracture, hypogo-
nadism, as well as women with untreated early menopause
(<45), late menarche (>15), or short fertile period (<30 years)
should be considered for DXA (6,8,32).

The potential advantages of using the FRAX tool with
IBD patients include the fact that it allows for the assess-
ment of additional risk factors related to the loss of bone

mass and associated to IBD beyond BMD itself, includ-
ing older age, postmenopausal status, smoking, malnutri-
tion, physical inactivity, corticosteroid use for more than
3 mo, and vitamin D deficiency (6). The influence of these
factors on the risk of facture has been well established
in postmenopausal Caucasian females; therefore, caution
must be exercised when extrapolating these data for other
groups (33). Still, DXA scan is the current gold standard
technique for the measurement of bone mass also in IBD

Fig. 2. Risk of fracture (estimated as 10-yr probability by World Health Organization Fracture Risk Assessment [FRAX®]
tool) in adult patients with inflammatory bowel disease (IBD), including patients with both Crohn’s disease and ulcer-
ative colitis. (A) Hip fracture risk in IBD patients; (B) major osteoporotic fracture risk in patients with IBD. I2 values
indicated statistical heterogeneity, or intrastudy differences in the overall effect size. BMD, bone mineral density.

Fig. 3. Subgroup analysis of the risk of fracture (estimated as 10-yr probability by World Health Organization Frac-
ture Risk Assessment [FRAX®] tool) in adult patients with Crohn’s disease. (A) Hip fracture risk; (B) major osteopo-
rotic fracture risk. I2 values indicated statistical heterogeneity, or intrastudy differences in the overall effect size.
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patients, and its effect in the estimation of 10-yr fracture
risk in the FRAX tool avoids an overestimation pro-
duced with the FRAX score based on clinical data (26).

The scarce use of DXA scans in patients with IBD may
be derived from the fact that FRAX algorithms are based
on general population cohort studies undertaken in people
over the age of 40 yr, and have not been validated in IBD
populations. IBD frequently affects young people, and the
FRAX tool calculates risk for patients under the age of 40
years using data for individuals aged 40 years (34). Two of
the documents summarized in our meta-analyses in-
cluded IBD patients aged over 50 years (25,27). Addi-
tional characteristics of IBD patients that may not have been
fully represented in the FRAX tool are the dose and the
duration of the exposure to corticosteroids (which greatly
varies in IBD from 1 patient to the other, but is included
as a dichotomous risk factor in FRAX calculation), and the
fluctuations in body mass index according to disease ac-
tivity over time (12). The fact that gastroenterologists are
less familiar with the FRAX tool compared to other medical
specialists should also be taken into account.

Our results, summarizing the limited evidence avail-
able, show that the overall risk of hip fracture in IBD pa-
tients was low (1.03%; 95% CI: 0.37%–2%), and remained
low in those patients suffering from Crohn’s disease (1.74%;
95% CI: 0.42%–3.93%). Regarding the major osteopo-
rotic fracture, the 10-yr risk was modestly higher (up to
6.65%; 95% CI: 2.97%–11.66%) in patients with Crohn’s
disease. Insufficient studies were available for ulcerative
colitis to allow direct comparison. Based on the calcula-
tion of fracture risk, patients with low bone mass (T-
score between −1.0 and −2.5 in the femoral neck or spine)
should be treated when 10-yr chance of hip fracture is ≥3%,
or a 10-yr probability of any major osteoporosis-related frac-
ture is ≥20% (FRAX adapted to the United States). Ac-
cording to this recommendation, IBD patients included in
our review would not need specific treatment. However,
the age of a patient arises as a significant aspect to be con-
sidered when treating a reduced BMD.The age of the adult
patients retrieved for our research was not complete enough
for a definitive recommendation on low BMD manage-
ment to be provided.

The strength of our research lies in the fact that it com-
piles the results of an exhaustive literature search from 3
major databases and abstract books that also retrieved rel-
evant abstracts on this topic. Recovered studies were criti-
cally appraised according to their methodological aspects,
and that different investigators independently extracted the
data from the studies included.The major limitations of this
systematic review include the very low number of docu-
ments retrieved and the high proportion of abstracts pro-
viding limited details on the reported research. Statistical
analysis did not demonstrate a significant publication bias,
but these results should be viewed cautiously due to the
low number of documents included in our review.

In conclusion, the FRAX tool has been limited in its use
in patients with IBD to estimate the 10-yr chance of suf-

fering hip or major osteoporotic fractures. However,
the evidence currently available shows a modest increase
in such as risks that does not support unequivocally the need
of specific interventions. More well-designed studies are
needed to confirm the results gained from this systematic
review.
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