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Abstract More than 50 % of untreated patients with celiac
disease (CD) have bone loss detected by bone densitometry
(dual-energy X-ray absorptiometry:DXA). Moreover, patients
with CD are more likely to have osteoporosis and fragility
fractures, especially of the distal radius. Although still contro-
versial, we recommend DXA screening in all celiac disease
patients, particularly in those with symptomatic CD at diag-
nosis and in those who present risk factors for fracture such as
older age, menopausal status, previous fracture history, and
familial hip fracture history. Bone microarchitecture, especial-
ly the trabecular network, may be deteriorated, explaining the
higher fracture risk in these patients. Adequate calcium and
vitamin D supplementation are also recommended to optimize
bone recovery, especially during the first years of gluten free
diet (GFD). If higher fracture risk persists after 1 or 2 years of
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GFD, specific osteoactive treatment may be necessary to im-
prove bone health.
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Introduction: Celiac Disease

Celiac disease (CD) is a common autoimmune systemic dis-
order that affects up to 1 % of the population worldwide [1].
This enteropathy is triggered by dietary gluten (wheat, rye,
and barley) and it is characterized by the presence of auto-
antibodies resulting in a variety of intestinal and extra-
intestinal manifestations [2]. While some symptoms are
overt and easy to recognize, others may be subtle and silent
resulting in a broad clinical presentation of CD. Some indi-
viduals may present with typical gastrointestinal symptoms,
such as diarrhea, abdominal pain, distention, weight loss,
and failure to thrive in children, whereas others may present
with no gastrointestinal complaints, but exhibit iron deficien-
cy anemia, low bone mineral density, elevated liver en-
zymes, unexpected weight loss, prolonged fatigue, or infer-
tility [3¢]. Moreover, some patients may be completely
asymptomatic and detected only by serologic screening for
associated conditions, such as dermatitis herpetiformis, auto-
immune thyroid disease and type 1 diabetes, or first-degree
relatives of patients with diagnosed CD [4]. The proportion
of newly diagnosed patients with malabsorptive typical gas-
trointestinal symptoms has decreased over time and CD with
‘non-classical’ and even asymptomatic presentation is
gaining prominence [5]. The current awareness of CD com-
plications in combination with the advent of highly sensitive
and specific serological tests has dramatically increased the
identification of patients with this phenotype [5].
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Diagnosis of CD is based on well-established criteria (pos-
itive CD serology tests and abnormal duodenal histology) [2].
If serology and histology are discordant, human leukocyte
antigen (HLA) typing might be useful because HLA-DQ2
and HLA-DQS are present in almost all individuals with CD
but only in 30 to 40 % of the general population, giving this
test a high negative predictive value [2].

Currently, the only established treatment for the disease is a
strict, lifelong gluten-free diet (GFD). Considerable interest
exists in the development of non-dietary therapies. There are
clinical trials that include new treatment approaches focused
on modification of food products, enzymatic degradation or
binding of gluten, inhibition of small intestinal permeability,
inhibition of tissue transglutaminase, and modulation of the
immune system [6].

Multifactorial Pathogenesis of Bone Damage

Bone compromise in CD has been extensively studied in the
last 20 years. Metabolic bone diseases like low bone mass,
osteoporosis, secondary hyperparathyroidism, and osteomala-
cia might be present in celiac patients, even in those without
gastrointestinal complaints.

Both local and systemic mechanisms may play a role [7].
Calcium absorption is impaired due to mucosal atrophy; there-
fore, to avoid hypocalcemia, parathyroid hormone increases
substantially (secondary hyperparathyroidism) and stimulates
osteoclasts mediated bone degradation. Calcium is then ob-
tained from the skeleton reservoir, but this high remodeling
state can lead to osteopenia and osteoporosis, altering bone
microstructure and increasing fracture risk. Concomitant
hypogonadism can also affect bone metabolism [8]. Last,
but not least, hypersecretion of proinflammatory cytokines
like interleukin-1, interleukin-6, and tumor necrosis factor-
alpha increased RANKL/OPG ratio, contribute to the increase
in osteoclastic bone resorption [9]. This immunological path-
ogenesis may also include the potential role of autoimmune
phenomena since tissue transglutaminase seems to be an ex-
tremely relevant enzyme also in bone mineralization [10].

Low Bone Mineral Density in Celiac Disease

The prevalence of low bone mineral density (BMD)—
osteopenia and osteoporosis—measured by DXA among pa-
tients with CD is variable, reported to be from 38 to 72 % at
diagnosis and 9 to 47 % in patients treated with a gluten-free
diet [11]. Low BMD is more common in adults and is present
even in patients asymptomatic at the time of diagnosis [11].
Severity of bone affectation depends on gender, age, pre or
postmenopausal state, severity and duration of the disease and
other concomitant diseases.
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Several studies have shown that treatment of CD induces
an improvement in bone mineralization after starting GFD
[12, 13]. Duerksen et al. evaluated changes in BMD, at base-
line and follow-up in celiac seropositive cases and compared
them with seronegative controls [14]. They included all pa-
tients aged 40 years or older, who had had at least two BMD
measurements and initial serologic testing for CD, selected
from the Manitoba database in Canada. The 43 seropositive
cases had lower baseline spine and hip BMD compared with
233 seronegative controls of similar age and sex. There was a
mean overall 10.8 % increase in spine BMD and 7.1 % in-
crease in hip BMD compared with increases of 2.4 and 0.5 %
in the seronegative controls. The mean interval between BMD
testing was 2.4+ 1.3 years in the seropositive group compared
with 3.5+1.5 years in the seronegative group (P=0.003).

On the other hand, among the population of osteoporotic
patients, serologic tests have shown a 3.4 % incidence of
celiac disease compared with 1 % among the general popula-
tion [15¢¢]. So, CD must be taken into account in the diagnosis
approach of secondary causes of osteoporosis. While the prev-
alence of CD among patients with low BMD is probably
higher than that in the general population, routine screening
for CD in all patients with low bone mass is not recommend-
ed. It should be targeted to higher risk cases such as severe
osteoporosis or osteoporosis refractory to treatment and to
those patients with vitamin D deficiency or hypocalciuria de-
spite adequate supplementation.

Bone Microarchitecture in Celiac Disease

High-resolution peripheral quantitative computed tomogra-
phy (HR-pQCT), which is a new non-invasive image method,
permits three-dimensional exploration of bone
microarchitectural characteristics measuring separately corti-
cal and trabecular compartments, and giving a more profound
insight into bone disease pathophysiology [16].

Using this new technique, we have been able to identify a
significant deterioration of bone microarchitecture in periph-
eral bones in 31 premenopausal women with recently diag-
nosed CD [17¢¢]. Patients were compared with a cohort of 22
healthy women of similar age and BMI, detecting a significant
deterioration in most parameters evaluated. Patients—as ex-
pected—had low vitamin D levels, secondary hyperparathy-
roidism and high bone remodeling parameters. Trabecular
bone, the area closest to the bone marrow, intimately related
to blood vessels and the most metabolically active bone com-
partment, was the most affected, trabecular density being
26 % lower in celiac women than in the control group. The
increased bone resorption biochemically evidenced in these
patients produces thinned trabeculae with a subsequent de-
crease in their number, both phenomena leading to a more
heterogeneous trabecular network (see Fig. 1). Notably, these
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Fig. 1 Tridimensional images
obtained by HR-pQCT of the
radius in a 31-year-old woman at
CD diagnosis (upper) compared
to a control woman (below) of
similar age and BMI

features were greater in patients with symptomatic CD than in
those with a subclinical phenotype.

These seminal features were also confirmed by Stein et al.
who found abnormal bone microarchitecture in a group of 33
young women with CD [18]. Accordingly, they also found
that CD patients had lower trabecular density and number
leading to a more heterogeneous trabecular network. In addi-
tion, they also estimated lower bone strength in these patients
via finite element analyses at both the distal tibia and radius.

Bone Fractures in Celiac Disease

Osteoporotic fractures are fractures occurring from a fall from
standing height or less—low-energy fractures—and are asso-
ciated with decreased bone resistance and increased fragility.
They have a negative impact on the quality of life and inde-
pendence of the patient and, in some cases like vertebral or hip
fracture, they can even lead to higher mortality [19].

The first controlled study addressing the fracture risk in CD
patients was published in 2000 by our group in Argentina

showing that 25 % (45 of 165) of CD patients had 1-5 frac-
tures compared with 8 % of age- and sex-matched controls
[20]. The most common site of fractures was the wrist and the
majority of them had occurred prior to diagnosis of CD. After
this communication, the association between celiac disease
and bone fractures has been examined in a number of epide-
miological studies. It is difficult to analyze epidemiological
data due to the great heterogeneity of the different study pop-
ulations, study designs, and small sample sizes. Furthermore,
most studies collect fracture data from personal interviews,
self-administered questionnaires, records, discharge registers,
general practice databases, etc. but no spine radiographs are
done to diagnose vertebral fractures which are asymptomatic
and therefore may be sub diagnosed in more than 50 % of the
cases.

Meta-analyses suggest that CD is associated with increased
risk of bone osteoporotic fractures [21, 22]. The first one was
published in 2008 by Olmos et al. and evaluated a total of 20,
955 CD patients with 1819 (8.7 %) fractures compared with
96,777 controls with 5955 (6.15 %) fractures (OR=1.43;
95 % CI 1.15-1.78), thus describing a risk of fracture 43 %

@ Springer



46

Curr Osteoporos Rep (2016) 14:43—48

greater in CD patients [21]. As a limitation, the authors de-
scribed the significant heterogeneity among the studies with
six papers showing an increased prevalence of fractures while
two others did not evidence significant differences with the
control population (heterogeneity x2 value of 47.06
(P<0.00001).

More recently, Heikkild et al. in a meta-analysis of case-
control studies found that any bone fracture was almost twice
as common in individuals with a clinically diagnosed celiac
disease as in those without the disease (1.92 (1.29-2.84)) [22].
However, there was heterogeneity among the estimates and
the study-specific associations varied from fractures being
slightly more common in CD patients to fractures being over
nine times as common in CD patients as in controls. In the
meta-analyses of prospective studies, celiac disease at baseline
was associated with a 30 % increase (1.30 [CI] 1.14, 1.50) in
the risk of any fracture.

Moreno at al. analyzed the incidence and risk of 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 gastrointes-
tinal disorders; they found that compared with the control
group, the CD cohort showed significantly higher incidence
rate and risk of first peripheral fracture before diagnosis in
women [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) [23]. Fracture risk was significantly associated with
the classic CD presentation with gastrointestinal symptoms
(P<0.003). In the time period after diagnosis, the risk of frac-
tures was comparable between the CD cohort and controls in
both sexes (HR 1.08, 95 % CI10.55-2.10 for women; HR 1.57,
95 % CI 0.57-4.26 for men). In conclusion, fracture risk in
CD seems to be related to the symptomatic clinical presenta-
tion and gender, being higher in symptomatic cases and in
male patients [24].

However, further research would be needed to determine
whether this association is specific to particular parts of the
skeleton, and if asymptomatic celiac disease is also related to
bone fractures.

How Can We Assess Bone Health in Celiac Disease
Patients?

Clinical Risk Factors

At the medical interview, known risk factors for osteoporosis
(smoking, excessive alcohol consumption, parent hip fracture
history, and abnormal menstrual cycles) must be registered.
History of fragility fractures, including the severity of trauma
that produced the fracture and the site of the fracture, calcium
intake, physical activity and sun exposure, concomitant
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known disorders affecting bone metabolism (thyroid disease,
rheumatoid arthritis, primary hyperparathyroidism, renal in-
sufficiency, etc.), consumption of medications potentially af-
fecting bones as (such as corticosteroids) and clinical features
related to CD should also be recorded along with the severity
of symptoms at diagnosis, disease duration and later on, ad-
herence to the gluten-free diet.

Areal Bone Density (DXA) and Biochemical Tests

There is no general agreement on the correct timing for bone
densitometry scans in celiac patients. In 2003, the American
Gastroenterological Association guidelines on osteoporosis in
gastrointestinal disease suggested to perform bone densitom-
etry scans in adults at the time of diagnosis of CD and after
1 year of GFD [25]. A Canadian Position Statement on eval-
uation and management of skeletal health in CD more recently
suggested BMD measurement at diagnosis only in adults with
classic CD or in those with risk factors such as menopause,
older age, history of fragility fracture, vitamin D deficiency/
insufficiency, and high titers of CD serological markers [26].
For asymptomatic or silent adults with CD, they recommend-
ed BMD evaluation after 1 year of GFD to allow stabilization
of bone mineral density. The recommendations for follow-up
were revaluation of BMD after 1 year of GFD in the presence
of osteopenia/osteoporosis at diagnosis, and after 2 years in
cases of normal bone mass.

In our personal opinion, every patient with celiac disease
must have, if possible, a lumbar spine and femoral neck DXA
scan at the time of diagnosis. Depending on that initial finding,
a DXA must be repeated yearly during the first years if t-
scores values are below —2 in any region. Biochemical evalu-
ation of patients with bone compromise should include calci-
um, phosphorus, vitamin D, PTH, 24 h-calciuria, and bone
turnover markers.

Treatment and Recommendations

After starting GFD, systemic inflammation decreases, the in-
testinal mucosa heals progressively, and gastrointestinal ab-
sorption is re-established. Consequently, bone resorption de-
creases and calcium and vitamin D go to the hungry skeleton
and remineralize it. This process can be evidenced by the
increase in DXA bone mineral density and ultimately, by the
decrease in fracture risk [24]. Patients showed a significant
decrease in bone resorption parameters and PTH values, and
a significant increase in calcium and vitamin D serum concen-
trations after GFD, along with a considerable increase in min-
eralization in all regions evaluated by DXA. Although with
some controversy, more recent studies have suggested a long-
term normalization of the rate of fractures in patients with
strict adherence to the treatment [19, 20]. Although normali-
zation of bone mass is unlikely in adult CD, significant
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remineralization of axial and peripheral skeleton has been
demonstrated in several studies. However, reducing the risk
of fracture does not solely depend on increasing bone mass
and mineral density. Other risk factors, such as structural al-
teration of bones with impairment of the mechanical quality
(stiffness of cortical bones), deterioration of body mass, fat
and muscle compartments, and neuromuscular dysfunction,
also contribute to bone weakness and falls in CD patients
[13]. In this context, improving muscle mass and function,
nutritional status, and bone architecture through long-term
GFD treatment may reduce the overall risk of fractures in
CD patients [24].

It is crucial to allow enough supplementation of calcium and
vitamin D to accompany this bone restoration process [7].
Calcium daily intake should range from 1000 to 1500 mg per
day, in two or more divided intakes of dairy products. If the
patient is not able or willing to fulfill the required intake through
the diet, calcium supplements can be given. Vitamin D role is
essential for the optimum absorption of calcium through the
intestine [25]. The endocrine society clinical practice guideline
recommends serum levels of around 30 ng/ml [27]. This can be
obtained from regular sun exposure or by supplementation with
the different available presentations. Muscle mass is strongly
associated with bone health, fracture, and falls. Regular physi-
cal activity should be firmly recommended to help achieve the
maximum recovery of bone health [28].

As with all secondary causes of osteoporosis, the first
line of treatment is the specific secondary cause.
However, if after 1 or 2 years of GFD with correct sup-
plementation of calcium and vitamin D, the patient con-
tinues with osteoporosis and high risk of fracture, adding
a specific osteoactive treatment must be considered. Each
patient should be thoroughly evaluated to decide which
treatment is the most appropriate: oral or intravenous
bisphosphonates, teriparatide or denosumab.

Conclusion

Diagnosing celiac disease can be very rewarding in clin-
ical practice because of the change in quality of life a
patient may experience after adopting the correct treat-
ment. Due to the high prevalence of low bone mass and
the higher risk of fracture associated with this disease,
bone health is a very important aspect of the CD patient
approach. To allow for optimum recovery of bone through
GFD, we recommend first a profound initial assessment
of the degree of bone compromise with DXA scans and
lab tests. After the initial evaluation, supplementation
with calcium and vitamin D is crucial to achieve the max-
imum benefits of GFD. If the patient continues with high
risk of fracture, osteoactive treatment should be consid-
ered. Future studies will answer some pending questions

regarding normalization of fracture risk and bone
microarchitecture after long treatment with GFD.
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