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Abstract

AIM: To determine the incidence of peripheral frac-
tures in patients with celiac disease (CD) and the effect
of treatment on fracture risk.

METHODS: We compared the incidence and risk of
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peripheral fractures before and after diagnosis between
a cohort of 265 patients who had been diagnosed with
CD at least 5 years before study entry and a cohort
of 530 age- and sex-matched controls who had been
diagnosed with functional gastrointestinal disorders.
Data were collected through in-person interviews with
an investigator. The overall assessment window for pa-
tients was 9843 patient-years (2815 patient-years after
diagnosis).

RESULTS: Compared with the control group, the CD
cohort showed significantly higher incidence rate and
risk of first peripheral fracture before diagnosis [adjusted
hazard ratio (HR): 1.78, 95% CI: 1.23-2.56, P < 0.002]
and in men (HR: 2.67, 95% CI: 1.37-5.22, P < 0.004).
Fracture risk was significantly associated with the clas-
sic CD presentation with gastrointestinal symptoms (P
< 0.003). In the time period after diagnosis, the risk of
fractures was comparable between the CD cohort and
controls in both sexes (HR: 1.08, 95% CI: 0.55-2.10 for
women; HR: 1.57, 95% CI: 0.57-4.26 for men).

CONCLUSION: CD patients have higher prevalence of
fractures in the peripheral skeleton before diagnosis. This
is associated with male sex and classic clinical presenta-
tion. The fracture risk was reduced after the treatment.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

In the past two decades, the effect of celiac disease (CD)
on bone health has been extensively studied". Osteo-
penia or osteoporosis detected by bone mineral density
measurements has been seen in > 50% of patients at the
time of their diagnosis of CD". Data have accumulated
to show that low bone mineral density is more common
in adults and is present even if patients have atypical
or asymptomatic CD at the time of diagnosis™*®. The
impact of CD treatment on bone density has received
some attention but remains under—explored[()’g"m]. Few
studies have evaluated the risk of fractures, a more rel-
evant clinical endpoint than bone mineral density, in CD
patients“’u"m. A recent systematic review with a meta-
analysis that pooled 20995 CD patients and 97777 con-
trols, from eight studies published between 2000 and
2007, concluded that CD patients have a 43% higher risk
of fractures compared with people without CD [pooled
odds ratio: 1.43, 95% CI: 1.15-1.78]"*%. A more recent
study, published after the systematic review, confirmed
the significant association between CD and increased
fracture risk™. It should be noted that available studies
are limited by heterogeneity in study methodology, pa-
tient population, and potential biases; thus, results have
varied widely™. Nevertheless, evidence suggests that
physicians should carefully examine the bone health of
patients with CD.

Current evidence is mixed on fracture risk in patients
who are maintaining a gluten-free diet (GFD) to treat
CD™. In a seminal study that we have conducted previ-
ouslym], we found a lower rate of any type of fractures
among treated CD patients compared with untreated CD
patients. However, three subsequent studies with differ-
ent study designs have reported different findings'™*"*"*.
All of these studies showed that the risk of fractures
in diagnosed and treated CD patients was significantly
higher than in healthy controls. A fifth study did not show
any significant difference between patients, before and
after diagnosis"®. Moreover, a Swedish population-based
studym] recently has reported that the elevated risk of
fractures among CD patients remains unchanged 20 years
after diagnosis. These studies employed different method-
ologies, which makes it difficult to extrapolate their find-
ings to the general CD patient population.

Theoretically, dietary treatment can improve patients’
bone health and reduce the risk of falls, which in turn,
may reduce the risk of fractures'!. Given the equivocal
evidence, a better understanding of the effect of GFD
on patients’ fracture risk is of clinical importance to phy-
sicians and patients. The present study aimed to assess
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the risk of fractures in a large cohort of CD patients and
the effect of GFD on this risk.

MATERIALS AND METHODS

Patients and controls

A cohort of 265 adult patients (> 18 years old) with a di-
agnosis of CD and a cohort of 530 age- and sex-matched
controls with functional gastrointestinal disorders were
recruited at the gastroenterology units in four medical
centers in Buenos Aires, Argentina from March 2007 to
November 2009. The CD diagnosis was based on a com-
bination of positive clinical findings (presence of symp-
toms or risk factors such as family history), characteristic
CD enteropathy in duodenal biopsy at the time of diag-
nosis, positive CD-specific serology, and a positive clinical
and/or histological response to a GFD. The presence of
positive CD-related serological tests at diagnosis (anti-
gliadin antibodies, anti-tissue transglutaminase antibodies
and/or antiendomysium antibodies) was considered suf-
ficient for a diagnosis of CD without follow-up assess-
ments. Patients were enrolled in the study if their diag-
nosis of CD had been established at least 5 years prior to
their entry to the study. Confirmation of the CD diagno-
sis was required at the time of enrollment irrespective of
the patient’s compliance with the GFD. We excluded 163
patients who were diagnosed with other disorders that
could independently reduce bone health (e.g. uncontrolled
thyroid dysfunction, rheumatoid arthritis, inflammatory
bowel disease, diabetes), who took medications that may
affect bone metabolism (e.g steroids, calcium, vitamin D,
alendronate, anticonvulsants, thyroid hormones, estrogen
or androgen replacement), and who had complicated CD.
Two controls subjects attending the same gastroenterol-
ogy unit were enrolled for each CD patient in the study.
These control subjects were selected if a definitive di-
agnosis of functional gastrointestinal disorder based on
Rome III criteria was confirmed by their medical records,
and if they had the same age and sex as the enrolled CD
patient.

Study design and data collection

Medical history related to CD and fractures was taken
from the CD patient and control cohorts using a stan-
dard questionnaire through in-person interviews con-
ducted by the investigators, who wete experienced with
CD. The interview included demographic information;
age at which the patient began to experience CD-like
symptoms such as diarrhea, weight loss and anemia; age
at diagnosis of CD; gynecological and obstetric history;
and fracture history, including the type and severity of
trauma that produced the fracture and the site of the
fracture. All study participants were further questioned
about their smoking habits, long-term medications, and
hormone replacement therapy. Participants were asked
whether they had ever broken a bone and which bone
they had fractured. All data reported at the time of the
interview were checked with those reported in patient
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records. If any discrepancy was detected, patients were
contacted by telephone to confirm observations. If the
discrepancy still persisted and no documentation of the
event was available, the patient was excluded from the
study. Trauma was considered as: (1) severe, if it involved
a traffic accident, was sports-related, or caused by falling
from a height; (2) moderate, if the fracture resulted from
slipping or stumbling, or from a fall on level ground; and
(3) mild, if minimal trauma was involved. Body weight
was determined for all enrolled patients, and body mass
index (BMI) was calculated.

CD patient adherence to GFD was estimated based
on multiple assessments: (1) opinion of the patient’s pri-
mary treating physician; (2) patient’s self-report; and (3) a

Pl The degree of adherence was

validated questionnaire
characterized by one investigator as one of the following
categories: (1) strict (adherence for > 90% of the time);
(2) partial (50%-90% of the time); or (3) poor (< 50% of
the time).

Each study unit tabulated data in a centralized Excel
spread sheet. The data were periodically verified via com-
patison with patients’ medical records and, if necessary,
corrected by three investigators who were not involved
in data collection. If discrepancies were noted for a study
subject, the subject was contacted by the data reviewer
and the most accurate information available was accepted
as valid. Data on each year of diagnosis and clinical pre-
sentation of CD were confirmed by the patient’s medical
records. Based on the clinical presentation at the time
of CD diagnosis, a patient was categorized as presenting
with classic (predominantly gastrointestinal symptoms),
atypical (extra-intestinal symptoms), or silent (asymptom-
atic cases detected through screening) CD. The periods
before and after diagnosis for control subjects were cat-
egorized according to the index CD case.

Statistical analysis
Results are reported as median and range, mean and 95%
CI, or mean and standard error of the mean * SE as ap-
propriate for the data distribution. In the statistical analy-
sis, the time period “before diagnosis” for both popula-
tions was defined as the period from a patient’s date of
birth to 1 year after the date of diagnosis of CD in the
index case. Conversely, the time period “after diagnosis”
was defined as the period between 1 year after the diag-
nosis and the time of study enrollment. We included the
first year after diagnosis as part of the “before diagnosis”
period to minimize the potential residual effect produced
by a long-term disease and slow recovery on GFD. It has
previously been observed that the risk of complications
may be elevated in the immediate period before and after
CD diagnosism. Time at risk of fractures for patients
and controls was defined as the period between birth (be-
fore diagnosis) or diagnosis of CD (after diagnosis) and
the time (age) of the first fracture or the enrollment in
the study, whichever came first. The rate of factures was
compared between the CD and control cohorts.
Comparisons between cohorts were performed us-
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ing Student’s 7 test or Mann-Whitney test. Multivariate
linear regression analyses were performed. Data were
also reported as incidence rate (IR), which represents the
number of events/1000 subject-years at risk, and as the
excess number of events (IR of CD patients minus IR of
controls). Cox regression analysis was conducted to esti-
mate and compare the risk of fractures between cohorts.
Results were reported as hazard ratio (HR) and 95% CL
Separate analysis of fractures was performed by the be-
fore/after CD diagnosis period and by sex. The risk of
fractures before diagnosis was also analyzed by clinical
presentation (classic CD s atypical/silent forms). The
HR was adjusted for potential confounders, including
age, age at diagnosis, BMI, smoking, and gynecological
and obstetric history. The effect of GFD treatment on
fracture risk was analyzed by the degree of compliance
with the GFD. Statistical significance was defined as 95%
CI not including 1.0.

RESULTS

Study sample characteristics

Table 1 summarizes the demographic and clinical char-
acteristics of the CD and control cohorts. The sex and
age distributions were well matched between the cohorts.
Most subjects were female (84%). Among the CD pa-
tients, the median age at CD diagnosis was 30 years, and
65% of the cases were diagnosed at < 16 years of age.

CD patients had significantly lower BMI at study
enrollment compared with controls (P < 0.001). Female
CD patients and controls were comparable in age at men-
arche or menopause. The overall assessment period was
9843 patient-years for the CD cohort and 20160 person-
years for the control cohort.

Table 2 presents CD patients’ clinical characteristics
and fracture history according to gender. Female patients
were on average older at study entry and at CD diagnosis
than male patients (P < 0.04 and P < 0.003, respectively).
Male CD patients had significantly higher BMI at the
time of enrolment (P < 0.05) and a greater proportion of
time at risk after diagnosis (61% »s 37%). According to
our assessment of patient adherence to GFD, 85 (38%),
48 (22%) and 90 (40%) female patients and 19 (45%),
7 (17%) and 16 (38%) of male patients were deemed as
poor, partial, and strict adherents, respectively.

Rates of fractures in CD patients and controls

Opverall, CD patients reported a significantly higher rate
of having experienced at least one fracture (23%) com-
pared with controls (15%) (Table 1). Twenty-eight per-
cent of the CD patients with a history of fractures had
more than one fracture, compared with only 12% of con-
trols (P < 0.04). The mean number of fractures was 1.46
per CD patient and 1.13 per control subject (P < 0.0001).
Multiple fractures appeared to be limited to a subset of
cases. Ten of the 11 control subjects with multiple frac-
tures had two; however, 17 CD patients with multiple
fractures reported up to four different fractures in the pe-
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Table 1 Demography, clinical information and data on

fractures in the peripheral skeleton of celiac disease patients

and disease controls (Functional gastrointestinal disorders) at
the time of the study

CD patients Control P value
population
No. of patients (F/M) 265 (223/42) 530 (446/84)
Median age (yr) (range) 42 (18-85) 43 (16-87)
Age at diagnosis (yr) median 30 (1-80) -
(range)
BMI (kg/m’, mean = SE) 225+0.2 243+0.2 0.001
Age at menarche (yr) median 13 (9-17) 12 (9-20)
(range)
Age at menopause (yr) median 48 (30-54) 49 (36-59)
(range)
Person-years before diagnosis 7028 14532
Person-years after diagnosis 2815 5628
Total No. of fractures 89 93 0.0001
Total No. of cases with at least 61 82 0.02
one fracture
No. of patients with at least 40 45 0.006
one fracture before diagnosis
No. of patients with at least 21 37
one fracture after diagnosis
Age at first fracture before 10 (2-61) 15 (1-74)
diagnosis (yr), median (range)
Age at first fracture after 21 (5-75) 37 (6-71)
diagnosis (yr), median (range)
Type of trauma producing
fracture (No. of cases)
Mild 27 24
Moderate 24 34
Severe/sports 10 24

CD: Celiac disease; BMI: Body mass index.

ripheral skeleton. Compared with controls, CD patients
had a lower median age at the time of the first fracture
(P < 0.05). Cole’s fracture was the most common site in
the peripheral skeleton for CD patients, as well as con-
trols (54% ws 42%, respectively); possibly because most
cases and controls were < 50 years old. One CD patient
and no controls reported hip fracture. Finally, compared
with controls, more CD patients with fractures reported
that the event was caused by mild trauma (29% s 44%,
respectively, P < 0.05). No differences were observed
between cohorts in terms of moderate and severe/sport-
related traumas.

Among CD patients, the rate of fractures was higher
in male (59%) than female (26%) population (P < 0.0001)
(Table 2). Male patients had the first fracture at an earlier
age than females (P < 0.04). Mild trauma was the most
common cause of first fracture in women (48% of cases
with at least one fracture »s 37% in men) and a severe/
sports injury was more common in men (32% »s 9.5% in
women).

Risk of fractures before diagnosis

As shown in Table 3, the risk of fractures in the periph-
eral skeleton before the diagnosis of CD was higher in
the CD than in the control cohort. Compared with con-
trols, the excess number of fractures estimated in the CD
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Table 2 Clinical characteristics and fracture history of celiac

disease patients according to gender

Female Male P value

No. of patients 223 42
Median age (yr), range 42 (18-62) 35 (18-66) 0.04
Age at diagnosis (yr), median 31 (1-80) 19 (1-52) 0.003
(range)
BMI (kg/m’ mean + SD) 225+0.5 23.7+0.6 0.01
Person-years before diagnosis 6380 647
Person-years after diagnosis 2371 444
Total no. of fractures 57 32 0.0001
Total no. of cases with at least 42 19 0.0005
one fracture
No. of patients with at least one 29 11 0.05
fracture before diagnosis
No. of patients with at least one 13 8 0.01
fracture after diagnosis
Age at first fracture before 14 (2-61) 10 (6-32) 0.04
diagnosis (yr), median (range)
Age at first fracture after 54 (5-75) 13 (5-60)
diagnosis (yr), median (range)
Type of trauma producing first
fracture (No. of cases)

Mild 20 7

Moderate 18 6

Severe/sportive 4 6

BMI: Body mass index.

Table 3 Crude risk of fracture, adjusted risk of fractures
and incidence rates (events/1000 subjects per year) in the

peripheral skeleton in celiac disease patients compared to
control population according to gender

CD patients Controls HR (95% CI) P

Before diagnosis

Overall population
IR 8.67 564 1.53(1.05-214) 0.01
Adjusted HR 1.78 (1.23-2.56)  0.002
Females
IR 6.58 509 1.28(0.87-1.88) NS
Adjusted HR 1.52(0.99-2.32)  0.052
Males
IR 29.35 1020  2.67 (1.37-5.22)  0.004
Adjusted HR 2.63 (1.24-5.59)  0.01
After diagnosis
Overall population
IR 7.45 6.04 1.28(0.74-221) NS
Adjusted HR No significant change
Females
IR 5.48 530 1.08(0.55-2.10) NS
Adjusted HR No significant change
Males
IR 18.02 983  1.57(0.57-426) NS
Adjusted HR No significant change

Hazard ratios (HRs) were adjusted by age at enrollment, age at diagnosis,
body mass index (BMI), smoking habits and menopause. CD: Celiac
disease; IR: Incidence rate.

cohort was 3.03 per 1000 patients/year. Although the ex-
cess of fractures (1.49 events) in female CD patients was
marginally higher than in the matched female controls,
the excess number of fractures was significantly higher
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Figure 1 Kaplan-Meier curves of time to first fracture for patients according to clinical presentation in celiac disease patients and matched control popu-
lation before the time of celiac disease diagnosis. A : Classic presentation celiac disease (CD) patients; B: Atypical/silent presentation CD patients. HR: Hazard

ratio; NS: Not significant.

in male CD patients (19.15 events) than in male controls.
The risk of fractures before diagnosis was linked to con-
founders such as age at study entry, age at CD diagnosis,
smoking, menopause and BMI only in female patients
(Table 3). However, none of these confounders indi-
vidually modified the estimated risk above 10%. Among
CD patients, fractures before CD diagnosis occurred at
younger age in male than in female patients (P < 0.04)
(Table 2).

Figure 1 depicts the survival curves of time to first
fracture in CD patients by their clinical presentation at
the time of CD diagnosis as compared with controls.
The IR of fractures in the classic CD patients was al-
most twice that of their matched controls (10.14 »5 5.73
per 1000, respectively; HR 1.75, 95% CI: 1.19-2.58, P <
0.003). In contrast, the incidence of fractutes in atypical/
silent CD patients did not differ significantly from that
of their matched controls (5.44 »s 5.84, respectively; HR:
1.09, 95% CI: 0.57-2.10, P = NS).

Risk of fractures after diagnosis and effect of GFD

Compared with the time period before diagnosis, the IR
for the first peripheral fracture after CD diagnosis was
comparable between the control and CD cohorts. After
CD diagnosis, the IR of fractures for the CD cohort
decreased from the pre-diagnosis period (-1.22 events
per 1000 patients/year). Furthermore, compared with
matched controls, all CD cases had an excess of fractures
of 1.41 events (HR: 1.28, 95% CI: 0.74-2.21, P = NS) in
the after-diagnosis period. Compared with the before-
diagnosis period, female CD patients had a lower IR
(-1.10 events) after diagnosis, and their risk of fractures
was comparable to that of controls (excess of fractures
in cases: 0.18 events) (P = NS) (Table 3). Male patients
had a significant decrease in fractures from before to af-
ter CD diagnosis (-11.33 events/1000 patients per year).
However, in the post-diagnosis period, male CD patients
continued to have an excess number of fractures (8.19
events) compared with controls, which was not statisti-
cally significant (HR: 1.57, 95% CI: 0.57-4.26, P = NS).
Female patients categorized as poorly adherent with the
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GFD (z = 90) had an IR very similar to the before-diag-
nosis IR (6.41 events/1000 patients per year). Although
only one of 16 (7.2%) strictly adherent male patients had
at least one fracture after diagnosis, seven of 19 (36.8%)
pootly adherent male patients had a fracture. The small
number of male patients prevented us from estimating
their IR and fracture risk. Figure 2 shows the survival
curve of time for first fracture for patients and matched
control population before and after the diagnosis of CD
according to gender.

DISCUSSION

Previous studies have demonstrated that CD patients
have an increased risk of fractures in the peripheral skel-
eton. Whether this risk can be modified by a GFD is still
unclear. Our seminal study has suggested that the preva-
lence of fractures decreases after initiation of a GFD'".
However, this conclusion has been challenged by other
studies*"*). Some authors have suggested that an ear-
ly diagnosis and therapeutic intervention for CD before
bone damage occurs is the only way to significantly lower
the risk of fractures in CD patients.

The present study confirmed the increased risk of
fractures overall among CD patients compared to con-
trols with functional gastrointestinal disorders, and this
increased risk was most prominent before their CD
diagnosis. Additional supportive findings included the in-
creased incidence of fractures produced by mild trauma
events (for female cases) and a history of multiple frac-
tures (up to four different events) seen in a subset of CD
patients. The increased risk for female CD patients was
more pronounced and statistically borderline when data
were adjusted for potential confounders such as age at
study entry, age at CD diagnosis, smoking, menopause,
and BMI. Thus, older age, later diagnosis, cigarette smok-
ing, and lower BMI were factors that contributed to the
higher incidence of fractures in the peripheral skeleton.
The effect of these confounders was not significant in
male patients before CD diagnosis and in the overall
patient cohort after CD diagnosis. Our study also con-
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Figure 2 Kaplan-Meier curves showing time of first fracture according to gender in celiac disease population versus control group. A: Females before diag-
nosis; B: Males before diagnosis; C: Females after diagnosis; D: Males after diagnosis. CD: Celiac disease; HR: Hazard ratio; NS: Not significant.

firmed our previous observation that the increased risk
of peripheral fractures before CD diagnosis was associ-
ated with the classic clinical presentation but not with
atypical/silent forms.

Of note, the present study is believed to be the first
to identify sex as a relevant risk factor for fracture risk in
CD patients; especially before they are diagnosed. The
fact that the IR in male controls was more than twice
that in female controls indicates that males have a higher
exposure to trauma, regardless of whether they have CD.
Furthermore, the IR in male CD patients was more than
fourfold higher than that in female CD patients, and al-
most threefold higher than that in matched male controls.
In addition, male CD patients had their first fractures be-
fore diagnosis at a younger age than female CD patients.
Our findings do not support the hypothesis that the
increased IR in male CD patients is due to osteoporotic
fractures (i.e. events caused by mild trauma).

Our present study also provides original evidence for
the profound impact of treatment with GFD on the risk
of fractures in the peripheral skeleton. The improvement
in bone health was seen in both sexes. These findings are
in line with previous evidence that has shown that gluten
restriction can reverse the systemic and local physiological
mechanisms in bone deterioration of CD patientsp’“”’m.
Although normalization of bone mass is unlikely in adult
CD patients, significant re-mineralization of axial and pe-
ripheral skeleton has been shown in several studies™*'"",
It should be noted that reducing the risk of fracture does

(4 9

Boishidengs  WIG | www.wjgnet.com

3040

not solely depend on increasing bone mass and mineral
density” . Other risk factors, such as structural alteration
of bones with impairment of the mechanical quality (stiff-
ness of cortical bones), deterioration of protective factors
from trauma (body mass, fat and muscle compartments),
and neuromuscular dysfunction, also contribute to bone
weakness in CD patientslzs’wj. In this context, improving
body mass and fat/muscle composition, nuttitional status,
and bone architecture through long-term GFD treatment
may reduce the overall risk of fractures in CD patients.
Our study provides further support to the clinical benefits
of GFD. Although the conclusion is limited by sample
size, our data suggest that greater adherence to a GFD
may be beneficial in male as well as female patients.

The sex differences observed in the risk of fractures in
CD patients have not been reported before and deserve
further comment. A previous study on bone structure
and strength in CD patients detected some sex differenc-
es in mineral and bone metabolism, localization of bone
damage (predominantly cortical/subcortical bone mass
of the radius), mechanical quality of bones, and changes
induced by 1-year treatment with a GFD”", which may
be related to differences in the development of the male
and female mammalian skeleton. At 1-year follow-up,
gluten-free treatment appeared to correct only the meta-
bolically induced disturbances, which were predominant
in women. However, the current results suggest that
long-term adherence to a GFD may significantly reduce
fracture risk in male patients as well.
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Although intriguing, the current study results were
limited by a relatively small number of male patients; larg-
er studies are needed to confirm these findings. Another
limitation was that fractures were based on self-report and
may have been subject to recall errors; however, the risk
of failed recall is expected to be similar between patients
and controls. Misclassification of the type of trauma may
have biased the results toward a positive association be-
tween bone disorders and osteoporotic fractures in CD
patients. However, this association is well-established in
female patients and not corroborated in male patients;
therefore, the conclusions are not likely to have been
altered. The assessment of GFD adherence is difficult,
particularly in retrospective analyses. Our assessment
relied on patients’ self-reports and detailed interviews
conducted by expert physicians, and was characterized by
an independent researcher unaware of other clinical in-
formation.

In conclusion, this cohort study confirms the in-
creased risk of fractures in the peripheral skeleton in
undiagnosed CD patients and an association of bone
damage with the classic, but not the atypical/silent clini-
cal presentation of CD. In addition, this study is believed
to be the first to demonstrate a higher excess risk of
fracture in male patients compared with female patients
before CD diagnosis. Sex differences in the pathogenesis
of bone weakness should be further explored. Finally,
the study is also believed to be the first to recognize a
beneficial effect of a GFD in reversing the elevated risk
of fractures, and patients who adhere to long-term GFD
can achieve a similar risk of fracture to those without
CD, which provides a further argument for strict adhet-
ence to the diet to prevent complications of CD.
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Background

Reduced bone health is seen in > 50% of celiac disease (CD) patients at the
time of diagnosis. Very few studies have evaluated the risk of fractures in CD
patients. A recent systematic review and meta-analysis of eight studies, pub-
lished between 2000 and 2007, concluded that CD patients had a 43% higher
risk of fractures compared with people without the disorder.

Research frontiers

Although several studies have shown a positive effect of a gluten-free diet (GFD)
on bone density and other bone-protective factors, the impact of treatment on
the risk of fractures remains controversial. Some studies have suggested that
the risk of fractures detected before diagnosis of CD remains elevated several
years after diagnosis. In this study, the authors explored the incidence of frac-
tures in the peripheral skeleton of CD patients before diagnosis and the effect
of CD treatment on fracture risk.

Innovations and breakthroughs

This study confirms that, before diagnosis, CD patients have a significantly
higher rate of fractures in the peripheral skeleton compared with controls with
functional gastrointestinal disorders. In addition, the risk is associated with the
classic presentation of CD (predominantly gastrointestinal symptoms). This
study is believed to be the first to demonstrate that the increased incidence of
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fractures in CD patients is associated with male sex and that, with treatment
GFD, the fracture risk becomes comparable to controls.

Applications

The study further supports the importance of adherence to a GFD to reduce the
risk of bone complications in CD patients.

Peer review

The paper provides relevant and novel information, but some issues deserve
discussion. | would strongly suggest to engage in a much more in depth discus-
sion and speculation on their opposite findings in CD patients.
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