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Abstract
Purpose of Review We aim to review the current literature on the association of musculoskeletal disorders and celiac disease that
is a common disorder, affecting about 1% of the population. Extra-intestinal symptoms and presentations predominate.
Recent Findings While the literature supports an association with reduced bone mineral density and increased fracture risk and
celiac disease, there is little evidence supporting associations with other rheumatological conditions. Patients frequently report
musculoskeletal symptoms; however, studies of specific disease entities suffer from a lack of standardization of testing for celiac
disease and a lack of control groups.
Summary Well-controlled, preferably population-based studies are required to further explore a relationship between celiac
disease and musculoskeletal disorders.
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Introduction

Celiac disease (CD) is an autoimmune inflammatory disorder
that causes destruction of the lining of the small intestine in
genetically predisposed individuals who consume gluten, a
component of grains, including wheat, rye, and barley.
Worldwide, approximately 1% of children and adults have
CD [1]. Despite increased awareness, many people with CD
remain undiagnosed [2].

The definitive diagnostic test for CD is biopsy of the duo-
denum via esophagogastroduodenoscopy (EGD) to assess for
villous atrophy. Testing for the serum concentration of immu-
noglobulin A against the enzyme tissue transglutaminase
(TTG) is recommended given its high sensitivity for CD
(90.9%) [3]. Other serological tests that are used include IgA
against endomysial (EMA) and deamidated gliadin peptides
(d-GP) antibodies and IgG against TTG, EMA, and d-GP, of

value mainly in the presence of selective IgA deficiency [1].
Patients may also undergo genetic testing for the related hu-
man leukocyte antigen (HLA) class II variants, as virtually
100% of patients with CD possess HLA-DQ2 or HLA-DQ8
compared to 40% of the general population [1].

Classically, patients with CD were thought to have gastro-
intestinal symptoms and signs of malabsorption, such as diar-
rhea, abdominal pain, and weight loss [4••]. However, patients
with CD are increasingly not experiencing gastrointestinal
symptoms [1, 4••]. Instead, they often exhibit a large range
of extra-intestinal symptoms and manifestations such as iron
deficiency, arthritis, low bone mineral density, fatigue, head-
ache, peripheral neuropathy, ataxia, and depression as well as
vague cognitive symptoms termed “brain fog” by patients
[5–7•]. The subtle quality of these symptoms tends to delay
the diagnosis of CD; individuals with non-gastrointestinal
symptoms have a median delay in celiac diagnosis of
42 months compared to 2.3 months in those with gastrointes-
tinal symptoms [8]. Patients with CD may also be entirely
asymptomatic. In these cases, the diagnosis is made by sero-
logic screening after a family member is diagnosed with CD
or after the diagnosis of an associated disease, such as type 1
diabetes mellitus [4••].

A high prevalence of autoimmune diseases has been report-
ed in patients with CD, with studies suggesting a burden of 15
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to 30% [9, 10]. After diagnosis of CD, the risk of developing
new autoimmune diseases is significantly less in those that
adhere to a gluten-free diet (GFD) compared to those who
are not adherent [10, 11]. Given the multisystem nature of
CD, there has been increasing interest in studying the connec-
tion between autoimmune, rheumatologic, and musculoskele-
tal conditions and CD. The aim of this article is to review the
literature on musculoskeletal manifestations of CD.

Metabolic Bone Disease

Both osteopenia and osteoporosis are well-known features of
CD and have been widely studied [12]. Reduced bone mineral
density has a prevalence as high as 75% in patients with CD
[13–15] and can occur in the absence of gastrointestinal symp-
toms [13, 16, 17]. Patients with CD are also at increased risk
of fracture [18–20], with a 30% overall risk reported in a 2015
meta-analysis [20]. A 2017 study that used a nationally repre-
sentative sample of people from the USA found that CD pre-
dicted the fracture risk assessment tool score (FRAX) and
predicted higher scores in males greater than 40 years, though
not in women [17].

Many skeletal sites have been implicated in CD, including
the femoral neck and lumbar spine [12]. Trabecular bone is
frequently the location of bone deterioration as opposed to the
less metabolically active cortical bone [21•, 22]. A 2015 study
of 31 premenopausal women with CD that used high-
resolution peripheral quantitative computed tomography to
measure the microarchitecture components of bone found that
women with CD had a 26% reduction in trabecular bone com-
pared to control women [22]. In a 2017 follow-up study of 26
of these women, the authors found that the trabecular com-
partments of the radius and tibia increased more than the cor-
tical compartments after 1 year on a GFD [23].

Both bone mineral density and fracture risk improve in
patients with CD who adhere to a GFD [23–26], though they
can persist even on the diet [16, 27, 28]. Recent studies point
to a link between bone pathology and malabsorption and vil-
lous atrophy. Persistent villous atrophy has been linked to
increased risk of hip fracture in a 2014 study [18]. A 2017
study of CD patients treated with a GFD found that improved
bone mineral density was the only variable independently as-
sociated with mucosal healing [29]. Another 2017 study dem-
onstrated that the severity of villous damage could be a pre-
dictor of lower lumbar bone mineral density [30]. A 2018
study found that among patients with biopsy-diagnosed CD,
those with the lowest serum calcium value at baseline had the
greatest subsequent improvement in bone mineral density in
response to a GFD [31].

The villous atrophy inherent in untreated CD is likely one
of the mechanisms of reduced bone mineral density [12].
Villous atrophy leads to malabsorption of calcium, which in
turn causes a compensatory increase in parathyroid hormone

(i.e., secondary hyperparathyroidism), leading to bone resorp-
tion [12]. Serum calcium levels are subsequently optimized,
but the bone microarchitecture becomes altered and predis-
poses to fracture [12]. Additionally, given the inflammatory
nature of CD, secretion of pro-inflammatory cytokines and
autoimmune factors may lead to the development of reduced
bone density in patients with CD [12, 32, 33].

Arthritis

Arthritis and arthralgia are common features of CD, occurring
in both children and adults [5, 34–41]. A recent meta-analysis
reported a cumulative incidence of arthritis (type unspecified)
of 22.1% in patients with CD, though there was no increased
risk of arthritis in CD compared to controls (OR: 0.76, 95%
CI: 0.16–3.66) [36]. Arthritis and arthralgia may be the first
presenting feature of CD in adults and children and occur with
or without gastrointestinal symptoms [35, 40]. A 2016 study
found newly diagnosed CD in 2% of 2125 children with mus-
culoskeletal symptoms presenting for rheumatology evalua-
tion, with arthralgia and myalgia being the most frequent
symptom [40]. The authors of this study concluded that guide-
lines should be amended to include testing for CD in children
undergoing rheumatologic evaluations, especially as majority
of patients did not experience any GI symptoms [40].
Additionally, ultrasound studies have detected joint abnormal-
ities, such as effusion, synovitis, and hypertrophy, in approx-
imately 30% of children with CD, even when no clinical
symptoms of arthritis were present [42, 43]. Patients with
CD also commonly experience back pain [37, 38, 44] and
display sacroiliitis and enthesitis on imaging [44–46].

Many of these signs and symptoms can improve in adults
and children on a GFD [5, 40], though the degree of improve-
ment varies. Iqbal et al. reported only a modest improvement
in arthritis; 30% of patients with CD who adhered to a GFD
reported improvement in symptoms of arthritis [37]. In com-
parison, 70% of patients with CD who adhered to a GFD
reported improvement in diarrhea [37]. Norstrom et al. simi-
larly reported no statistically significant improvement in joint
pain in majority of 897 patients with CD after initiating a GFD
(p = 0.184), though improvement was found in all other gas-
trointestinal and systemic symptoms, including body pain
(p = 0.002) [41]. Another study, reported a significantly larger
percentage of arthritis in patients with recently diagnosed and
untreated CD (41%) compared to those on a GFD (22%,
p < 0.005) [38]. Several other studies also showed that joint
abnormalities and enthesitis occur significantly more often in
untreated CD compared to treated CD [42, 43, 45].

Despite the frequency of arthritis in patients with CD and
the improvement with the GFD, the literature covering the
association between CD and autoimmune arthritis is sparse.
Few studies of high-quality evidence have investigated the
relationship between CD and rheumatoid arthritis (RA),
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juvenile idiopathic arthritis (JIA), and the seronegative
spondyloarthopathies (SpA).

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an autoimmune disorder charac-
terized by joint destruction [47]. Patients with RA tend to
experience joint pain, stiffness, swelling, and functional im-
pairment [47]. Several studies have explored the presence of
CD-related autoantibodies in patients with RA. While some
have shown elevated antibodies in RA patients [48–50],
others have not [51, 52]. Comparisons between these studies
are challenging due to the varied types of antibodies tested,
each with different sensitivities for CD. For example, some
studies searched for IgG anti-TTG and anti-gliadin antibodies,
which have poor specificity for CD [48, 49]. Even when test-
ing for the more sensitive IgA anti-TTG or IgA EMA, many
studies failed to rule out IgA insufficiency or deficiency,
which commonly occurs in patients with CD [49–52]. All
studies of RA patients that sought to confirm elevated celiac
serology by duodenal biopsy failed to diagnose any patients
with biopsy-confirmed CD [53–58].

In contrast, the prevalence of RA in patients with CD
ranges from 0.6 to 4.5% [9, 11, 37, 59–63], which is larger
than the 0.5–2.0% prevalence of RA reported in industrialized
countries [47]. However, only two of these studies included a
comparison group, and both found no increased prevalence of
RA [37, 60]. In 1994, Collin et al. reported RA in 1.8% of 335
patients with CD compared to 2.1% of 335 controls [60], and
in 2013, Iqbal et al. reported RA in 4.5% of 356 patients with
CD compared to 9.8% of 234 controls [37].

Overall, the evidence exploring the relationship between
RA and CD is lacking in high-quality studies with large sam-
ple sizes and comparator groups. Currently, there does not
appear to be an association between the two diseases, though
a large population-based cohort study or meta-analysis is
warranted.

Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA), previously referred to as
juvenile rheumatoid arthritis, is a chronic disease that causes
joint pain and inflammation and occurs in children younger
than 16 years of age [64]. Only one study to date, by
Neuhausen et al., evaluated the presence of JIA in 408 patients
with CD and found no cases of JIA [9]. However, several case
series of patients with JIA have found a prevalence of CD
ranging from 0 to 3.8% [39, 54, 65–73]. The majority of these
series reported a prevalence of CD of ≥ 1.5%, thereby sug-
gesting an increased prevalence of CD in JIA patients [39, 65,
68–72]. Two of the three studies with a comparator group
corroborated this finding. In 2005, Stagi et al. found CD in
6.7% of 151 children with JIA compared to 0.6% of 158 sex-

and age-matched controls (p < 0.005) [74]. Similarly, in 2016,
Skrabl-Baumgartner et al. diagnosed CD in 4.2% of 95 chil-
dren with JIA compared to 0% of 110 controls (p < 0.02) [75].
In contrast, in 2013, Robazzi et al. found CD in 1.89% of 53
patients with JIA compared to 2.5% of 40 healthy controls,
though no statistical analysis was performed [76]. Again, there
are few quality studies indicating a relationship with JRA and
CD. Larger population-based studies are necessary.

The HLA-DQ2.5 haplotype may serve as a link between
the two diseases. This haplotype has been reported in 80.8%
of patients with JIA compared to 51.5% of controls
(p < 0.022) [75]. The shared presence of the HLA-DQ2.5 al-
lele may also explain why two studies found JIA to be com-
mon among family members of patients with CD [9, 66].

Seronegative Spondyloarthropathies

Seronegative spondyloarthropathies (SpA) encompasses a
range of disorders that are all characterized by inflammatory
arthritis, usually of the axial spine and asymmetrical peripher-
al joints [77]. Studies assessing the relationship between SpA
and CD are scarce. Two studies assessed for serologic evi-
dence of CD with subsequent biopsy confirmation in patients.
One detected a single patient with CD among 74 patients with
SpA [78] and the other failed to detect any patients with CD
among 41 patients with SpA [53]. A 2013 study using only
serology for celiac diagnosis, found no evidence of IgA EMA
antibodies in 70 patients with SpA [51].

Studies of specific subtypes of SpA have also failed to
show an association with CD. A study of 356 patients with
CD reported 1 patient with psoriatic arthritis (PsA) and 2 with
ankylosing spondylitis (AS) compared to 5 and 1 among the
234 healthy controls, respectively [37]. In a case control study,
biopsy-confirmed CD was found in only 1 of 30 patients with
AS [79]. Two studies assessing the presence of AS in patients
with CD also failed to show an association with rates of 0.3%
of AS in CD [60, 61]. In a retrospective chart review of 3161
patients with PsA and 3161 sex- and age-matched controls,
CD was found in 11 PsA patients (0.35%) compared to 74
controls (0.23%), though multivariate logistic regression
showed no statistical difference between the groups (OR
1.49, 95% CI 0.79–2.81) [80].

Fibromyalgia

Fibromyalgia is a disorder characterized by chronic wide-
spread pain that most often occurs in females [81]. Given
the broad range of systemic and gastrointestinal symptoms
present in fibromyalgia, there has been an interest in linking
fibromyalgia to CD. A 2015 study that did not involve testing
for CD among patients with fibromyalgia found that common
symptoms of CD occur more often in these patients compared
to controls and even compared to patients with CD only [82].
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Most studies do not show an increased prevalence of CD in
patients with fibromyalgia, with rates between 0 and 2%
[83–85]. Only two studies with biopsy-confirmed CD were
performed, with conflicting results. A 2016 study restricted
to women found CD in none of 94 patients with fibromyalgia
and 94 healthy controls [83]. A 2013 study by Rodrigo et al.
found a 7% prevalence of CD in patients with fibromyalgia
and IBS compared to 2% with IBS only (p < 0.001) [86].
However, this study included patients with IBS, which has a
known association with CD [87]. Though fibromyalgia can
occur in all age ranges, only one case series was performed
exclusively in adolescents and found a rate of biopsy-
confirmed CD of 2% [85]. In contrast, the presence of fibro-
myalgia may be increased in patients with CD, with studies
reporting a prevalence of 9–11%, though none of these studies
had a comparator group [84, 88].

It remains unclear if the GFD is effective in resolving non-
gastrointestinal symptoms of fibromyalgia in patients with
comorbid disease. In a follow up study of the 7 patients with
coexisting fibromyalgia, IBS, and CD 1 year after initiation of
a GFD, Rodrigo et al. found a statistically significant improve-
ment of over 50% from baseline of systemic and gastrointes-
tinal symptoms, quality of life, and use of prescription drugs
[89]. Much is still unknown about the relationship between
CD and fibromyalgia; the quality of evidence does not suggest
an association, though patients with fibromyalgia who have
gastrointestinal symptoms or IBS, and a family history of CD
should be tested for CD.

Inflammatory Myopathies

The inflammatory myopathies are a group of autoimmune
disorders characterized by proximal muscle weakness that in-
cludes three main subtypes: polymyositis, dermatomyositis,
and inclusion body myositis [90]. Several case series have
reported an association between CD and inflammatory myop-
athy subtypes: polymyositis [91, 92], dermatomyositis [93],
and inclusion body myositis [91, 94]. In a 2009 study of 99
patients with inflammatory myopathy, mean titers of IgA anti-
TTG were slightly elevated compared to healthy controls
(0.36 units ± 1.12 vs 0.20 units ± 0.00, p = 0.08) and mean
IgA anti-gliadin antibodies were significantly elevated com-
pared to controls (0.37 units ± 0.44 vs 0.24 units ± 0.15, p =
0.02), though none of these patients underwent histological
evaluation for CD [95]. In a study of 41 children with juvenile
dermatomyositis, none had serologic evidence of CD [96].
Only two studies that evaluated patients with biopsy-
diagnosed CD included patients with all three subtypes [97,
98]. Selva-O’Callaghan et al. found biopsy-diagnosed CD in 3
of 51 patients (5.9%) [98], and Danielsson et al. reported
biopsy-diagnosed CD in 4 of 88 patients (4.5%) [97]. The
majority of CD diagnoses were found in patients with inclu-
sion body myositis [97, 98].

Inclusion body myositis and CD may share the HLA-DQ2
subtype. A case control study by Badrising et al. found the
HLA-DQ2 haplotype present in 79% of patients with inclu-
sion body myositis compared to 37% of healthy blood donors
(p < 10−5) [99]. In Selva-O’Callaghan et al., the HLA-DQ2
subtype was found in 63% of patients with the inflammatory
myopathies (subtypes combined) [98].

To date, studies report conflicting results regarding im-
provement and include patients who were treated with immu-
nosuppressive therapy whichmay impact the symptom profile
[94, 97, 98]. Future studies should evaluate if patients with
coexisting disease experience relief of muscle weakness fol-
lowing adoption of the GFD.

Joint Hypermobility Syndrome/Ehlers–Danlos
Syndrome

Joint hypermobility syndrome and Ehlers–Danlos syndrome
hypermobility type (JHS/EDS) are two genetic connective
tissue disorders that are considered to be variants of the same
disease [100]. Although JHS/EDS is not an autoimmune dis-
order, evidence suggests an association with CD. In 2011, a
case series found biopsy-confirmed CD in 5 of 31 patients
with JHS/EDS (16%), which was significantly increased com-
pared to the Italian celiac population (1%, p = 0.002) [101]. In
2015, a prospective case control study diagnosed JHS/EDS in
31% of patients with newly diagnosed CD, though all patients
in the cohort had either functional or organic gastrointestinal
disorders [102]. In 2016, a population-based cohort study
found JHS/EDS in 0.15% of Swedish patients with CD, com-
pared to 0.11% of controls, which corresponded to a 49%
increased risk of JHS/EDS in the CD cohort (HR 1.49, 95%
CI: 1.07–2.07) [103•]. While the mechanism for the associa-
tion between the two diseases is unknown, one theory sug-
gests that in CD, gliadin peptides may bind to collagen in the
intestinal extracellular matrix, facilitated by the enzyme tissue
transglutaminase, and cause intestinal inflammation [104].

Scleroderma

Scleroderma is an autoimmune connective tissue disorder
characterized by fibrosis of the skin and other internal organs
[105]. The presence of positive celiac serology among patients
with scleroderma varies, with studies reporting positive serol-
ogy anywhere from 0 to 50% [50, 51, 55, 56, 106–108]. In
only two of these studies did patients meet the necessary
criteria to undergo duodenal biopsy to diagnose CD. In
2009, Rosato et al. found positive IgA anti-TTG antibodies
in 5 of 50 patients with scleroderma, with 4 of these patients
having CD on biopsy (8% total prevalence) [108]. In 2013,
Forbes et al. found no histologic evidence of CD among 2
patients with scleroderma who had positive serology (1 with
positive IgG anti-TTG and the other with positive IgA anti-d-
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GP) among 72 total patients with scleroderma [106]. On the
other hand, the prevalence of scleroderma among patients
with CD has only been reported by two studies [60, 61].
Both reported an increased prevalence of scleroderma
(0.6%) in patients with CD [60, 61], which is larger than the
estimated prevalence of scleroderma of between 50 to 300 out
of one million adults [105]. Given the shortage of literature
and the lack of any population-based cohort studies, more
evidence is needed to fully understand the possible relation-
ship between scleroderma and CD.

Sjogren’s Syndrome

Sjogren’s syndrome is a progressive autoimmune disorder
caused by destruction of the lacrimal and salivary glands
and characterized by xerostomia and keratoconjunctivitis
sicca [109]. Though malabsorption in Sjogren’s syndrome is
rare [109], studies suggest an association with CD, possibly
related to the presence of HLA-DQ2 in patients with Sjogren’s
syndrome [110].

The prevalence of CD appears to be increased in patients
with Sjogren’s syndrome, with estimates ranging from 2 to
15% [55, 110–113]. However, many of these studies have
been small, including fewer than 50 patients with Sjogren’s
syndrome [55, 110, 111], and have been performed over a
decade ago [55, 56, 110–113]. Of the larger studies,
Szodoray et al. diagnosed CD in 4.5% of 111 patients [112],
and in a case series by Alvarez et al., CD was reported in
2.13% of 141 patients [113], but because both studies lacked
a non-Sjogren’s syndrome control group, risk could not be
calculated. In contrast, most studies report rates of Sjogren’s
syndrome among patients with CD that are lower [11, 59, 114]
than the general Sjogren’s syndrome prevalence of 2% [109].
However, of the two cohort studies that included a non-celiac
control group, both found higher rates of Sjogren’s syndrome
in CD patients respective to controls [37, 60]. In 1994, Collin
et al. described Sjogren’s syndrome in 3.3% of 335 patients
with CD compared to 0.3% of 335 controls (p = 0.006) [60].
In 2013, Iqbal et al. reported Sjogren’s syndrome in 0.8% of
356 patients with CD compared to 0.4% of 234 controls,
though small numbers of subjects precluded a formal compar-
ison [37]. As most studies assessed for the presence Sjogren’s
syndrome using chart review or questionnaire, the true preva-
lence of physician-diagnosed disease may be overestimated
[11, 37, 59, 60]. Only one study by Erbasan et al., performed
in 2017, used the American College of Rheumatology’s
criteria to actively diagnosis Sjogren’s syndrome [114]. They
found Sjogren’s syndrome in only 1 case among 82 patients
with CD (1.2%) [114].

Despite a scarcity of evidence, the current literature seems
to suggest that there may be a benefit in screening patients
with Sjogren’s syndrome for CD, but not vice versa. Studies of
higher quality are needed to confirm the association between

the diseases and to determine which patients with Sjogren’s
syndrome may be at risk of acquiring CD.

Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a clinically heteroge-
neous autoimmune disease that can affect many organs, in-
cluding the skin, central nervous system, joints, circulatory
system, and kidneys [115]. In patients with CD, the reported
prevalence of SLE ranges from 0.2 to 2.4% [11, 37, 59–61,
116•, 117], which is higher than the US prevalence of SLE,
which ranges from 9 to 159 per 100,000 (0.009–0.159%) in-
dividuals [115]. Only one of these studies, performed by
Ludvigsson et al., included a control group and conducted a
formal comparison [116•]. Ludvigsson et al. found SLE in
0.19% of 29,048 patients with CD, which corresponded to a
3-fold increased risk of acquiring SLE (HR 3.49, 95% CI
2.48–4.90) [116•]. Despite this, the absolute risk of acquiring
SLE remained low at 17/100,000 person-years [116•].

On the other hand, small studies (n < 70) have found the
prevalence of CD in patients with SLE to be anywhere from 0
to 4% [53, 55, 118, 119]. Several studies that included over
100 patients failed to show an increased prevalence of CD,
which was diagnosed by serologic screening with confirma-
tory biopsy [56, 120–122]. In 2001, Rensch et al. found no
evidence of CD in 103 patients with SLE [122]. In 2003,
Bizzaro et al. diagnosed CD in 1% of 100 patients with SLE
compared to 0% of 120 controls (no p value reported) [56]. In
2004, Marai et al. found CD in 1% of 100 patients with SLE
compared to 0% of 120 controls (no p value reported) [120].
In 2013, Picceli et al. found no evidence of CD among 194
patients with SLE and 103 controls [121]. However, the larg-
est study to date, performed in 2016 by Dahan et al., showed
an increased prevalence of CD [123]. After medical record
review, Dahan et al. found CD in 0.8% of 5018 Israeli SLE
patients, which was significantly larger than the 0.2% among
25,090 age- and sex-matched controls (p < 0.001) [123].
Given the low rate of CD in controls compared to the rate
reported worldwide (0.2% [123] vs 1%), the increased preva-
lence of CD among Israeli patients with SLE may not be
generalizable to other populations.

Though SLE can occur in children and adolescents, few
studies have been performed in this group. Aikawa et al. re-
ported a 2.4% prevalence of biopsy-diagnosed CD among 41
children with SLE [96], and Ludvigsson et al. reported a 2-
fold risk of SLE in patients diagnosedwith CD before 20 years
of age [116•].

Given the varied results in the literature, it is unclear if there
is an association between SLE and CD. Any association may
be explained by the presence of the HLA-DR3 haplotype,
which often occurs with the HLA-DQ2 allele in patients with
CD and is a high-risk allele for SLE [124]. Patients with SLE
and CD have both been shown to have elevated levels of
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interleukin-21, a cytokine that has also been suggested as a
possible mechanism connecting the diseases [125].

Conclusion

CD is a multisystem autoimmune condition with a wide spec-
trum of clinical presentations including musculoskeletal and
rheumatological complaints. The relationship between CD,
reduced bone density, and increased fracture risk has been
well established. While those with CD appear to have an in-
creased risk of having another autoimmune disorder, the rela-
tionship between CD and rheumatological conditions is less
clear. Larger, population-based studies are needed.
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