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bstract

Background/Aims. Evidence of an increased bone fracture risk in coeliac disease is on debate. Our aim was to review systematically the
urrent published information on fractures in coeliac disease and to perform a meta-analysis.

Methods. Case–control and cohort designs were identified by searching MEDLINE (1966–April 2007) and LILACS (1982–April 2007).
articipants were adult coeliac disease patients of any sex and the outcome measure was the presence of any fracture. Studies were screened for

nclusion by two authors who independently extracted the data. Methodological quality was assessed using the STROBE (Strengthening the
eporting of Observational Studies in Epidemiology Statement) recommendations. Data were analysed using the RevMan Analyses statistical
ackage in Review Manager (version 4.2.8) and reported as pooled odds ratio using a random effect model. Heterogeneity was investigated
standard χ2 test) and sensitivity analysis was performed based on the reported quality and design type.

Results. While 60 of 405 studies met the initial screening criteria, only 8 met inclusion criteria after detailed review. These studies
valuated a total of 20,955 coeliac disease patients having 1819 (8.7%) fractures and 96,777 controls with 5955 (6.1%) fractures (pooled odds

atio = 1.43; 95% confidence interval 1.15–1.78) with considerable heterogeneity among studies (p < 0.00001).

Conclusions. Our meta-analysis confirms a significant association between bone fractures and coeliac disease. However, qualitative and
uantitative differences among studies were evident. Further research is necessary to investigate the relevance of this heterogeneity.

2007 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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. Introduction

Coeliac disease (CD) is common multisystemic, immune-
ediated disorder induced by dietary proteins in wheat, rye

nd barley in genetically susceptible individuals. Although
pidemiological studies have shown that the disease has an
pproximate prevalence of 0.3–1%, the majority of cases
emain undiagnosed [1,2]. Despite the disease primarily
ffecting the gastrointestinal tract, its clinical presentation is
ighly variable with most patients having an indolent clinical

ourse. While classical CD is dominated by gastrointesti-
al symptoms and malnutrition, atypical CD is characterised
y few or no gastrointestinal complaints but extraintestinal
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anifestation predominant. Finally, family studies have facil-
tated the knowledge that a substantial proportion of patients

ay have no symptoms at all (silent CD). Recent large screen-
ng programs have noted a high prevalence of CD in the
eneral population and that, up to two thirds of new patients
re clinically silent cases [2]. Recognition of atypical fea-
ures of CD is considered one of the responsible factors for
he increased prevalence of the disorder, and now may be the

ost common clinical presentation [1].
Osteoporosis is a systemic skeletal disease characterised

y a low bone mass and microarchitectural deterioration with
consequent increase in bone fragility and susceptibility to

racture [3]. Coeliac disease as a cause of bone mass and

ineral metabolism deterioration and metabolic osteopathy
as recognised in the scientific literature only some years

go [1–3]. Marked deformities, rickets and fractures were
escribed as the prominent bone clinical features in the early

vier Ltd. All rights reserved.
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iterature. More recently, the advent of non-invasive tech-
iques such as bone densitometry has demonstrated that an
mportant number of CD patients are affected by impaired
one mass and have a potential risk of fractures [3]. Interest-
ngly, bone mineral deterioration has been shown in patients
ith classical malabsorption symptoms but also in asymp-

omatic patients. Despite the strong body of information
bout bone metabolism in CD patients, its clinical relevance
s far from being completely understood. Thus, the knowl-
dge about the risk of fractures in CD patients has just been
onsidered in recent years. The first study suggesting a high
revalence of fractures in CD patients compared with controls
as published in 2000 [4]. While further authors confirmed

uch high prevalence of bone fracture, others failed to demon-
trate such association. Therefore, reasonable doubts have
een expressed about an increased risk of bone fracture [3].

Our aim in this study was to perform a systematic review
nd a meta-analysis of the current epidemiological informa-
ion on the occurrence of fractures in CD patients.

. Materials and methods

.1. Criteria for considering studies for this review

The review was achieved following the Cochrane Col-
aboration steps [5] and the Meta-analysis of Observational
tudies in Epidemiology (MOOSE) Group [6]. The types of
tudies considered to be included were controlled studies with
ase–control and cohort designs. Series of cases, descrip-
ive reports and uncontrolled studies were excluded from
he analysis. Participants in the studies were biopsy-proven
D patients of any sex with classical clinical presentation,
typical symptoms or silent clinical course. Papers with only
aediatric population were excluded, while papers includ-
ng children and adults were not discarded at first instance.
he outcome measure was the proportion of patients with

ractures.

.2. Search strategy for identification of studies

Sources of published data included electronic databases
MEDLINE 1966–April 2007, LILACS – Latin American
nd Caribbean Centre on Health Sciences Information –
980–April 2007) and there was no language restriction. Bib-
iographies of review articles were checked for additional
tudies not identified by the electronic search. The MED-
INE search strategy was as follows: “Osteoporosis” [MeSH]
R “Fractures, Bone” [MeSH] OR “Bone Diseases” [MeSH]
R “Bone Diseases, Metabolic” [MeSH] OR “Bone Density”

MeSH] AND “Celiac Disease” [MeSH].
.3. Studies selection

The search results were screened independently by two
ualified gastroenterologists (MO, MA) using titles of papers

3

d
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nd abstracts. Once the relevant studies were identified, the
ull publication was retrieved and reviewed independently by
he two investigators to determine suitability for final inclu-
ion. Reviewers were not blind to the names of authors,
nstitutions or journals. The two reviewers independently
elected articles for inclusion according to pre-specified
election criteria and the inter-rater reliability was measured
sing kappa statistics. Disagreements were resolved by con-
ensus, and when consensus could not be reached, by a third
djudicator (ES).

.4. Quality assessments

Methodological quality was assessed independently by
wo reviewers (MO, MA) using the STROBE (Strengthen-
ng the Reporting of Observational Studies in Epidemiology
tatement) recommendations [7], with special consideration
n selection bias, detection bias, performance bias and loss
o follow-up. Three categories for quality assessment were
stablished arbitrarily: A—when the study fulfilled more
han 80% criteria stated in STROBE; B—when 50–80% of
TROBE criteria were fulfilled; and C—if less than 50%
riteria could be achieved. Inter-rater reliability was again
ssessed for quality scales by using kappa statistics and dis-
greement was resolved by consensus (HV, EM, JCB).

.5. Data extraction and statistical analysis

Data on patients, methods, outcomes and results were
xtracted using a data extraction form (MO). Disagreement
as resolved by other adjudicator (JCB). Data were anal-
sed using the RevMan Analyses Version 1.0 for Windows
in Review Manager 4.2.8 Oxford, England): The Cochrane
ollaboration 2002 [8]. Data were presented as relative risk

RR), odds ratio (OR) or hazard ratio (HR), along with their
orresponding 95% confidence intervals (CI). Heterogeneity
as investigated by using a standard χ2 test with significance

et at p < 0.05. Pooled OR and 95% CI were calculated using
random effect model. Sensitivity analysis was performed

ased on subgroups according to the reported quality and
esign type of the studies included. For qualitative assess-
ent and the study selection criteria between reviewers, we

sed the decision analysis based on the kappa statistic (κ). The
statistic uses the Cohen’s Kappa method, where κ ranges

rom −1 to 1. A negative κ indicates absence of agreement.
appa equal to 0 means no agreement among results beyond

hat expected by chance. Values >0.75 are considered to rep-
esent excellent agreement, whereas � between 0.40 and 0.75
epresents good agreement, and values <0.40 represent poor
greement.
. Results

After the initial screening of 405 title and abstracts
etected by the general search strategy, we identified 60
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Fig. 1. Systematic review flow diagram.

apers (κ between reviewers = 0.85) that were evaluated in
ore detail. Of these, eight studies [4,9–15] (κ = 0.82) met

he inclusion criteria for the meta-analysis (Fig. 1, flow chart).
ain reasons for exclusion were a different outcome from

one fractures (n: 23) (in all of them the outcome measure-
ent was the bone mineral density) and an inadequate design

n: 29).
The eight selected studies addressing the outcome of frac-
ures in CD populations are outlined in Table 1. Overall,
0,955 CD patients have 1819 (8.7%) fractures and 96,777
ontrols with 5955 (6.15%) fractures (OR = 1.43; 95% CI
.15–1.78) (Fig. 2). In addition, a considerable heterogeneity

c
e
n
(

ig. 2. Meta-analysis: overall, 1819 (8.7%) events (fractures) were detected in 20,
5% CI 1.15–1.78).

Fig. 3. Meta-analysis excluding the study with the least
r Disease 40 (2008) 46–53

mong studies was determined. In this context, while six stud-
es show a significant association between fractures and CD,
wo did not. Our evaluation evidenced a highly significant
uantitative heterogeneity of studies (χ2 47.06; p < 0.00001)
s it was evidenced by the poor overlapping of confidence
ntervals for the individual studies.

As sensitivity analysis, we assessed study subgroups
ormed according to the quality of the results and the types
f participants of each study. Firstly, we assessed studies
xcluding the one with the lowest precision based on a
ide confidence interval. Thus, a highly significant hetero-
eneity still persists (χ2 39.95; p < 0.00001) with a pooled
R indicative of an almost 50% increased risk of fractures

or CD patients (OR = 1.27, 95% CI 1.20–1.34) (Fig. 3).
econdly, we analysed a subgroup involving studies only
nrolling hospital-based participants (n = 4) (Fig. 4). In this
ssessment the heterogeneity was still highly significant (χ2

6.08; p < 0.001) as was the risk of fractures in CD patients
OR = 1.70; 95% CI 1.40–2.07). Finally, our analysis of

ohort studies reporting population-based data (n = 3) also
xhibited heterogeneity (χ2 14.55; p = 0.0007) and still a sig-
ificantly increased prevalence of fractures in CD patients
OR = 1.23, 95% CI 1.16–1.31) (Fig. 5).

955 CD patients, and 5955 (6.15%) in 96,777 controls (pooled OR = 1.43;

weight (pooled OR = 1.27, 95% CI 1.20–1.34).
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Fig. 4. Meta-analysis with studies enrolling hospital-ba

.1. Description of studies (Table 1)

The first controlled study addressing the fracture risk
n CD patients was published by our group in Argentina
nd enrolled subjects from a malabsorption clinic [4]. In
his retrospective case–control study based on data obtained
rom personal interviews performed by expert physicians and
eports in files, we found that 25% (45 of 165) of CD patients
ad 1–5 fractures compared with 8% of age- and sex-matched
ontrols. While all fractures were significantly increased in
atients, 80% of them occurred in the peripheral skeleton
nd the spinal skeleton was not significantly affected. Fur-
hermore, the most common site of fractures was the wrist
nd the majority of them occurred prior to diagnosis of CD.
lthough the mean time from the beginning of symptoms to
D diagnosis was longer in patients with fractures, this fact
id not reach statistical significance.

Shortly after the first publication, Fickling et al. [9]
eported another case–control study in CD patients attending
GI outpatients department and found a higher prevalence

f a prior history of fractures in patients. The reported preva-
ence of fractures in patients and controls was based on
ata obtained from self-administered questionnaires. Thus,
he risk of fracture before the diagnosis of CD was signifi-

antly higher than in controls, while was not different after
he institution of a gluten-free diet. Interestingly, although
he statistical analysis evidenced significant results, the 95%
I was particularly wide in both periods (OR = 5.62; 95% CI

c
s
a
o

Fig. 5. Meta-analysis with only cohort studies reporting population
icipants (n = 4) (pooled OR = 1.70; 95% CI 1.40–2.07).

.09–38.62 and OR = 3.17; 95% CI 0.55–23.10, respectively)
uggesting less precise results than in other studies.

In a population-based study from Denmark, Vestergaard
nd Mosekilde [10] reported the prevalence of fractures
valuated in individuals with CD captured from hospital dis-
harge data. Compared with controls, the authors did not find
ncrease rate of fractures in CD patients (RR = 0.94; 95% CI
.71–1.24) both before (RR = 0.70; 95% CI 0.45–1.09) and
fter diagnosis of CD (RR = 0.90; 95% CI 0.72–1.12).

In a case–control study, Thomason et al. [11] used self-
eported data from 244 patients with biopsy-proven CD
ttending a secondary care institution. The authors found that
one fractures were not significantly increased with respect
o controls (OR = 1.05; 95% CI 0.68–1.02), although there
as a trend to increased wrist fractures (OR = 1.21; 95% CI
.66–2.25). In addition, the authors did not find any associa-
ion between fractures and CD either before or after diagnosis
f CD.

West et al. [12] in the largest population-based study from
United Kingdom primary care database found an increased

racture rate compared with controls. They demonstrated sig-
ificant hazard ratios of 1.3 (95% CI 1.16–1.46) and 1.9 (95%
I 1.2–3.02) for all type of fracture and hip fracture, respec-

ively. The authors did not find a difference in fracture risk

omparing the prevalence assessed before and after diagno-
is of CD (HR = 1.07; 95% CI 0.77–1.50). Moreover, incident
nd prevalent CD cases did not have differences in the risk
f fractures.

-based data (n = 3) (pooled OR = 1.23, 95% CI 1.16–1.31).
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Table 1
Summary of characteristics of studies included in the systematic review

Author, publication
year, country

Design Participants Outcomes effect size 95% CI Quality
assessment

Vazquez et al.,
2000 [4]

Case–control,
interview

165 CD (143 F, 22 M; mean age 40
years) from the Malabsorption Clinic

All fractures (45/165 in CD; 18/165
in controls) OR = 3.5 (1.8–7.2)

B

165 controls (143 F, 22 M; mean age
41 years)

Spine deformities OR = 2.8
(0.7–11.5)

Fickling et al.,
2001, UK [9]

Case–control,
questionnaire-based

75 CD (60 F, 15 M; mean age 52
years) recruited from the GI
outpatient department

All fractures (16/75 in CD; 2/75 in
controls)

C

75 controls (60 F, 15 M; mean age 52
years)

OR = 9.90 (2.05–65.04)

Before diagnosis (n = 10) OR = 5.62
(1.09–38.62)
After diagnosis (n = 6) OR = 3.17
(0.55–23.61)

Vestergaard and
Mosekilde,
2002 [10]

Retrospective cohort,
databases (16 years)

1021 CD (588 F, 433 M; mean age
31 years)

All fractures (89/1021 in CD;
326/3063 in controls)

A

3063 controls (1764 F, 1299 M; mean
age 31 years)

RR = 0.94; 95% CI 0.71–1.24

Before diagnosis RR = 0.70 (95% CI
0.45–1.09)
After diagnosis RR = 0.90
(0.72–1.12)

Thomason et al.,
2003, UK [11]

Case–control,
questionnaire

244 CD (171 F, 73 M; mean age 60
years)

All fractures (82/244 in CD; 53/161
in controls) OR = 1.05 (0.68–1.62)

B

161 controls (115 F, 46 M; mean age
61 years)

West et al., 2003,
UK [12]

Retrospective cohort,
databases (15 years)

4732 CD (3095 F, 1637 M; mean age
43.5 years)

All fractures (356/4732 in CD;
1524/23,620 in controls) HR = 1.30
(1.16–1.46)

A

23,620 controls (18,545 F, 5075 M;
mean age 43.5 years)

Hip fractures HR = 1.90 (1.20–3.02)

Ulna/radius HR = 1.77 (1.35–2.34)

Moreno et al.,
2004 [13]

Case–control,
questionnaire and
interview

148 CD (117 F, 31 M; mean age 41
years)

All fractures (51/148 in CD; 43/296
in controls)

B

296 controls (236 F, 60 M; mean age
41 years)

OR = 3.6 (1.7–7.5)

Symptomatic CD OR = 5.2 (2.8–9.8);
subclinical CD OR = 1.7 (0.7–4.4)

Davie et al., 2005,
UK [14]

Case–control,
questionnaire-based

383 F CD (mean age 61 years) All fractures (169/383 in CD;
153/445 in controls)

B

445 F controls (mean age 61 years)
Only women, recruited from GI and
clinical units.

OR = 1.51 (1.13–2.02)

Fractures after 50 years OR = 2.20
(1.49–3.25)
More than 1 fracture OR = 2.96
(1.81–4.83)

Ludvigsson et al.,
2007, Sweden [15]

Retrospective cohort,
databases (39 years)

14,187 CD (8311 F, 5876 M; mean
age 53 years)

All fractures (1011/14,187 in CD;
3836/68,952 in controls) HR = 1.40
(1.3–1.5)

A

68,952 controls (40,430 F, 28,522 M;
rs)

Hip fractures HR = 2.1 (1.8–2.4)

C dence
a OBE re

d
t
o

mean age 53 yea

D: coeliac disease; F: female, M: male; OR: odd ratio; 95% CI: 95% confi
ssessment was performed by two authors (MO and MA) according to STR
Recently, Moreno et al. [13] compared fracture rates
etected in 148 CD patients (53% with a classically symp-
omatic disease at diagnosis, 36% with atypical CD and 11%
f silent cases detected by screening) with that assessed in 296

a
T
b
s

interval; HR: hazard ratio; RR: relative risk; n: number of patients. Quality
commendations (see Section 2).
ge- and sex-matched controls with functional GI disorders.
he study population was different to that previously reported
y the same group [4] but data recollection was done using a
imilar protocol. The study determined an overall increased
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isk of fractures in CD patients (OR = 3.6; 95% CI 1.7–7.5).
urthermore, the analysis evidenced a significantly increased
umber of peripheral fractures for classically symptomatic
ubjects compared with controls (OR = 5.2; 95% CI 2.8–9.8),
ut not in subjects with atypical/silent CD.

More recently, Davie et al. [14] reported a case–control
tudy based on a self-reported questionnaire collecting his-
orical data from female CD patients over 50 years old.
ompared with age-matched non-CD controls, patients had
significantly higher number of bone fractures (OR = 1.51;
5% CI 1.13–2.02). Interestingly, this association was greater
or events occurring after 50 years of age (OR = 2.20; 95% CI
.49–3.25). No excess of fracture risk was found more than
0 years before diagnosis but the increased risk was evident
n the period lapsed between 10 years before diagnosis and 5
ears after diagnosis.

Finally, Ludvigsson et al. [15] reported the most recent
nalysis involving the largest population-based cohort study
ublished so far. The authors demonstrated an increased
isk in patients with CD for hip fracture (HR = 2.1; 95% CI
.8–2.4) and for fractures of any type (HR = 1.4; 95% CI
.3–1.5). The risk of complications may be greatest in the
mmediate years prior to or after a diagnosis of CD, but less so
n the distant past or after many years with the gluten-free diet.

. Discussion

There is a general consensus on that CD predisposes to
etabolic osteopathy [1–3]. Thus, our systematic review

dentified a great number of papers (>400) recognising the
ssociation between CD and bone metabolic alterations. This
ody of evidence strongly suggests that CD should be con-
idered as one of the leading conditions predisposing to bone
amage. However, although bone derangement in CD was
rst reported several years ago, the true clinical magnitude
f the problem was ignored for a long time and epidemiolog-
cal information on fractures has only recently been acquired
4]. Moreover, the evidence of any association is controver-
ial and only few studies addressed fractures as the outcome
f interest [4,9–15]. This uncertainty deserves to be clarified
n order to drive more realistic and objective diagnostic and
herapeutic decisions on patient management. Thus, we per-
ormed a systematic review and meta-analysis of the available
iterature to evaluate the association of bone fractures with
D. Our search of related studies was exhaustively performed

ncluding retrieval from MEDLINE and LILACS avoiding
anguage bias and it was complemented by manual checking
n narrative review references. A publication bias associated
ith the tendency of reporting results in only one direction
as considered unlikely since positive and negative results
ith respect to the association between CD and fractures were
ound.
Our present systematic review and meta-analysis evidence

significantly increased association between fractures and
D. Overall, the increased risk of fractures determined in

t
s
w
n

r Disease 40 (2008) 46–53 51

he meta-analysis is 43% greater in CD patients compared
ith control subjects. However, a significant quantitative
eterogeneity among studies was detected with six papers
4,9,12–15] showing an increased prevalence of fractures but
wo others [10,11] not evidencing significant differences with
he control population. This quantitative heterogeneity was
learly shown in Fig. 2 where the statistical analysis deter-
ined a χ2 value of 47.06 (p < 0.00001). Furthermore, our

etailed analysis of each study also suggests qualitative dif-
erences among them. The heterogeneity of results in this
tudy may be due to several reasons. Thus, the diversity
mong study populations, a lack of clinical characterization
f patients in some studies and varied form of collection of
linical data (through personal interviews, self-administered
uestionnaires, records, discharge registers, general practice
atabase, etc.) seem to be the most relevant factors leading
o the evident heterogeneity. By analogy with studies dealing
ith the prevalence of osteopenia/osteoporosis in CD, stud-

es addressing the prevalence of bone fractures should also
onsider with caution potential confounding factors such as,
ifferences in terms of age of the studied population, duration
f the disease, diagnostic delay, etc.

Due to the quantitative and qualitative heterogeneities evi-
enced, we further performed a sensitivity analysis based
n two different criteria. Firstly, we excluded the study
upporting a positive association but presenting the poor-
st statistical precision (with the widest 95% CI) [9]. Thus,
aking in consideration seven studies (five showing a pos-
tive association and two reporting a negative one) a 27%
ncreased risk of fractures was evident (Fig. 3). However, a
ighly significant heterogeneity remained despite exclusion
f the study. Secondly, in an additional sensitivity analysis,
e segregated studies according to the type of participants.
hus, two different subgroups were evident, studies enrolling
atients attending specialised hospital units (four studies)
Fig. 4) [4,11,13,14], and those reporting population-based
ata (three studies) (Fig. 5) [10,12,15]. Interestingly, both
trategies have demonstrated a significant higher prevalence
f bone fractures.

Inevitably, studies brought together into a systematic
eview will differ qualitative and quantitatively. Thus, vari-
bility in the considered participants is assumed as clinical
iversity, and variability in the investigation design and
uality is referred as methodological diversity. The signif-
cant statistical heterogeneity arising from methodological
iversity suggests that the studies are not all estimating the
ame quantity, but does not necessarily suggest that the true
ffect varies. In particular, heterogeneity associated solely
ith methodological diversity would indicate that the stud-

es suffer from different degrees of bias. Some argue that
ince clinical and methodological diversity always occur in
meta-analysis, statistical heterogeneity is inevitable. Thus,
he test for heterogeneity is irrelevant to the choice of analy-
is; heterogeneity in epidemiological studies will always exist
hether we will be able to detect it using a statistical test or
ot [5].
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A factor limiting the strength of the evidence presented in
ur systematic review is the fact that the studies included had
ifferences in design. Additional factors limiting our obser-
ations include differences among studies in the selection of
ases and controls, inadequate sample size, method used to
scertain fractures, and failure to precise duration of CD. In
his context, we believe that the clinical characterization of
articipants should be relevant to the qualitative heterogene-
ty as it is suggested in the study of Moreno et al. [13] where
he risk of fracture was increased in patients with classical
D but did not differ significantly from controls in atypical
nd silent cases. This observation is in concordance with most
eports on densitometry in CD where there is a general agree-
ent on that adult patients with classical symptoms suffer a
ore severe bone affectation [16–24].
In conclusion, the present systematic review and meta-

nalysis confirms a significant association between bone
ractures and CD. However, although this assumption is con-
rmed by sensitivity analyses, qualitative and quantitative
ifferences among studies were evident. Further research is
ecessary to investigate the relevance of this heterogeneity
nd to determine additional factors involved in the CD-
ssociated fracture risk. We think that the identification of
subgroup of patients with an increased risk of fractures is

ery important in order to concentrate diagnostic and ther-
peutic strategies to provide a cost-effective healthcare of
atients.

Practice points

• The systematic review and meta-analysis
confirm a positive association between
bone fractures and coeliac disease in adult
patients.

• There are significant qualitative and quanti-
tative heterogeneities among studies.

• Although the effect was shown by both,
studies based on patients attending spe-
cialised hospital units and those reporting
population-based data, it seems evident that
the risk of fractures is not similar in all
patients.

Research agenda

• Further research is necessary in order to clar-
ify, at least, two scanty known topics: (a) the
identification of predictors of the increased
risk of fractures and (b) exploring the poten-
tial protective effect of the gluten-free diet.
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